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112 A_BSTRACT
199 This report.is the third in a series of interpretive reports on the several lrround— ’
-water basins of Santa Barbara County, Calif., 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 Maria
Valley area. It deals with the valleys of the Santa Maria and lower Sisquoc
Rivers situated principally in the northwestern part of the county, which together
Page ‘form one large agricultural district dependent for its water supply on irrigation
i “from wells.  The report presents data on runoff from the region tributary to the
8- .area, shows the extent to which ground water is replenished from the rivers,
"estlmates total recharge to and total discharge from the one principal ground-
40 water body, estimates the yield of that bodv, and discusses the possibility of
-sea-water encroachment.
52 The Santa Maria River, which is formed by the conﬂuence of the Cuyama River
:and the Sisquoc River, flows generally ‘westward to the Pacific Ocean. The
Cuyamsa River, which enters the area from the north, and the Santa Maria River
60 ‘together form the boundary between San Luis Obispo and Santa Barbara Counties,
S Channels of the Santa Maria and lower Sisquoc Rivers overlie a large irvegular
69 - structural downfold or syncline, which is bounded on the north by the northwest-

trending San Rafael Mountains and on the south by the west-trending Solomon
~.and Casmalia Hills. These ranges are composed of consolidated essentially
non-water-bearing rocks, which include the Franciscan, Knozville(?), Monterey,
Sisquoc, and Foxen formations, 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 ranges are the un-
--consolidated or water-bearing materials which have been deposited on the consoli-
“»dated rocks, and which in part have been downfolded in ‘the syncline. . The
unconsolidated deposits are of upper Teértiary and Quaternary age, and attain a-
maximurmn thickness of about 3,000 feet, From-oldest to youngest they include
even units: The Careaga sand, Paso Robles formation, Orcutt formation, terrace
- «deposits, alluvium, river-channel deposits, and dune.sand. - Of these the alluvium
of Recent age is-the most permeable and yields water to more than 500 wells at
ates of more than 1,000 gallons per minute per well.

" Contained within these deposits and extending over an area of about 110,000
acres is a single large ground-water body, I¥ear the coast over an area of 80,000
acres it is confined beneath silt and clay composmg the upper part of the alluvxum,
ver the remaining 80,000 acres it is unconfined. All ground-water recharge
rfakes place in'the unconfined portion or intake area. The chemical quality of the

1

83 .
85 -

89 .



2 GEOLOGY AND lGROUNDr'WATE-ﬁ, SANTA MARIA VALLEY, CALIF.

ground water is such that it can be used for most purposes, and further, analyses
of well waters show that near the coast there has been no sea-water encroachment
to date. During historic time there has always been a fresh-water head accom-
panied 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 from the records of surface-water runoff which ocours over the
1,800 square miles of the drainage basin. Eight gaging stations on the Cuyama

and Sisquoe Rivers and their major tributaries record the surface-water inflow

" to the valley area, and one station”on the 'S@nta Maria River at Guadalupe
measures the surface-water outflow from the area. Infiltration of rain has been
* estimated on the basis of type of land cover and character of underlying deposits,

using estimates of deep penetration of rain derived from work dome mostly 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. Puniping for

irrigation, which began in 1898, constituted nearly 80 percent of the total discharge -

in 1944 when about 35,000 acres of land were irrigated from 317 wells. Estimates
of pumpage for the period 1029-44 were obtained largely from the kilowatt-hours

used and electrical enérgy needed to pump 1 acre-foot of water. The total pump-

.age hhs increased from about 55,000 acre-feet in 1929 to nearly 80,000 acte-feet .
in 1944, However, the nét pumpage 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 beds of the upper part of thet
alluvium. Outfow has ranged from about 9,600 acre-feet in 1936, when ‘évat_ei' i
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 periods of above-average and below-average rainfall, respectively, but

have been modified 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 water levels -

were lowered to the point where pumping lifts locally became economically:
infeasible. The net decrease in storage in this period is estimated to have bsgen

160,000 to 200,000 acre-feet, The following period, 1936—45, was one of above: "

average rainfall in which recharge averaged nearly 100,000 acre-feet a year, In
the heavily pumped area the average net rise in water levels amounted to nearly
30 feet, and the over-all net increase in ground-water storage was about 260,000
acre-feet, " ' o Con

The perennial yield of the ground-water basin for the period 1929-45 was ésti-
mated by two independent metheds, as follows: It is equal to the total recharge
less the total natural discharge divided by the 16 years of inventory, and it is
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 because of somewhat greater than average rainfall it is probably slightly
greater than the.long-term average. Based on a comparison with rainfall for the
p_eriod 1886-1945, the perennial yield is estimatéd to be about 53,000 acre-feet s’
year. Current net pumpage is about 65,000 acre-feet a year, and therefore, theé:
perennial yield is being exceeded by about 12,000 acre-feet s year, . ’

A program outlinéd by .the Bureau of Reclamation to utilize more efficiently:
the surface-water resources of the Sants Maria River drainage system involves:
the construction of dams to-detain the surface-water inflaw, %o transfer water’
'_ffom'the reservoirs to the ground-water basin'by natural spreading in the pgrm
able channels, and so to salvage a considerable part of the estimated 33,000 acre-

; _ .'\_4/4,
Fant \ > = /?/i:e’ “ \"4?‘.6\
S i ' / Ny, TNy,
W il | . D)
V7, \ A e, N
g, _. ///qu “ 45.}4,{: , " PLATE 1 o '?6{?\-\00, CUY
R 1 5545 : S Yy o0, S M
i (!? Sanfa Maria: % ' é\@ o N one ™
’ I\ " \.4;‘ éj/ (94 ALLE}«. Gopnly
. : 5 »
| . %%’ 75 i

I
i
© :
&8
Lompac [_'"l . §I§ -~
= Sonty e e ;’E/
Yner SF
- Z
. e 5 Rhver ‘ﬁl
P, Arguelio ANTA YNEZ ,
. Mouy 3
- TAing |
R s - N
i o//o/Pl. Gonceptlan L " {‘"’ !__, )
_ ¢ ] OCEAN SANTA b
Ll 10k "BARBARA -

INTRODUCTION : 3

feet a year now. wasting to the sea as surface~water outflow. TUnder such a pro=~
gram the perennial yield could be increased in mearly direct proportion to the
quantity of outflow salvaged.

INTRODUCTION
LOCATION-AND GENERAL FEATURES OF THE AREA

The Santa Maria Valley avea is one of the larger coastal valleys of

+ ‘California, and is situated about 130 miles northwest of Los Angeles
- and 60 miles northwest of Santa Barbara. It occupies the north-
" western part of Santa Barbara County and the extreme southwestern
': part of San Luis Obispo County (fg. 1). It lies approximately

r ) O

DRANAGE ",

fFId,@}E l,—Index map of Santa Barbars County, Californis, showing location of the Sents Mavin River

_drainage system .

9tween 34°50'  and 38°5" north Iatitude,‘ and between 120°107
nd- 120°40" west longitude (pl. 1). It covers an area 0f about

260 squaré miles and has an east-west length of 28 miles and & maxi-

um north-south width of 15 miles. :
This area comprises the alluvial plains and adjoining terraces, foot-

I_;'jlls, and mountain slopes of the Santa Maria Valley and of the lower
valley of t]}e Sisguoc River. The Santa Maria River is formed by the
qonﬁur;\nce'o‘f the Sisquo¢ and Cuyama Rivers at Fugler Point (pl. 1)
and flows westward across a broad- alluvial plain, called the Sants
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Maria plain, to the Pacific Ocean. A small alluvial plain adjoins the .’

Santa Maria plain at Fugler Point and extends up the Sisquoc River
tf? La Brea Creek. The Cuyama River, though longer than the
Blsqu_oc and draining a much larger area, has developed no appreciable
&Hqua,l plain within the area here considered. Bordering the Santa.
Maria plain on the north and south dre relatively elevated terrace

areas referred to as the Nipomo upland and the Orcutt upland, -

respectively. T‘he Nipomo upland borders and rises gently northward:
to the westward extension of the San Rafael Mountains; the Orcutt.

upland borders and rises gently southward to the Solomon and. .

Oasma.lia Hills. . Most of the plains, and little of the upland areas,, are
e*'xtel‘lsw'ely_ cultivated and represent the largest single agricultural
district in Santa Barbara County.

Between the mountains, which are composed mainly of consolidated. - :

rocks, the uplands and alluvial plains as a whole are underlain by a.
large mass of unconsolidated deposits which contain a single, large,

ground-water body. This body, herein designated the main water . °

bo@y, s'upplies water to more than 700 irrigation, public supply, and:
mdusftrlal wells whose aggregate net draft in 1944 was about 65,000
acre-feet. ' ‘ ' :

HISTORY AND CULTURAL DEVELOPMENT

I‘h@ pringipal community‘in the area. is the city of Santa I\/Iaria;,u
{originally I'lamed' Central City), founded in 1876, and situated on the:
Santa Maria plain 12 miles from the coast. It lies astride U. S

Highway 101 at its junctions with State Highway 166, Nine miles: -

to the WQSt-’iS, the town of Quadalupe, founded in 1872, and situated.
on State Highway 1 and on the coastal line of the Southern Pacific:

railroad, which was completed in -1901. The Santa Maria Valley

Railroad connects-Santa Maria and thié sugar beet refinery at Better-

avia with the Southern Pacific railroad at Guadalupe. About 5 miles. .

south of Santa Maria is the small oil towr of Orcutt on State Highway-
1; an.d 6milesnorth of Santa Mariais the smgll agricultural 601nniumt3;’
of.Nlpomo on U. S, Highway 101. On the plain of the Sisquoc River 9-
miles southeast of Santa Maria are the small towns of Garey and’
Sisquoc, both on State Highway 140. : .v -
The first settlers were the Spanish in-about 1840. The ‘largev Iﬁﬁd:
grants established thereafter are shown on plate 1. Among 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 the land comprising the
old Ranchos. The early Spanish settlers raised mosﬂy cattle” and,
feed, but during the drought of 1863-64 they lost daeavilyand the,
liquidation of the large grants began, ) '

INTRODUCTION : )

USE OF GROUND WATER

.

Essentially all the irrigated acreage, the major industries, and all
public water-supply systems depend upon water from wells which tap
the large ground-water reservoir, or-main water body. By far the
greatest demand upon this reservoir is made by truck fatming. Over
300 irrigation wells supply water to about 35,000 acres of land. Upon

this land one or two crops of lettuce, ‘caulifiower, carrots, or .other

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

refinery at Betteravia, which 1s supplied with water from a battery

.of 10 wells along the north edge of Guadalupe Lalke.

The city of Santa Maria derives its waber supply from three wells
about 4 miles south of the city. Also, the towns of Guadalupe,
Orcutt, Betteravia, and Sisquoc derive their water supply from wells.
The towns of Garey and Nipomo have 1no public 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 extending both east
and west from the city of Santa Maria; the Orcutt o1l field, on the
crest of the Solomon Hills due south of the town of Orcutt; and the
Cat Canyon oil fields about 2 miles south of the town of Sisquoc.
Most of the oil produced by the major comipanies is transported out
of the area in crude form by tFuck, rail, or pipeline. However, near

" the city of Santa Maria there are several small refineries that process

a considerable quantity of oil,. Water used in the refining process
and in oil-field operations is furnished entirely from wells, .

: Other principal industries in the area that depend upon ground-
water supply are the vegetable-packing plants and the ice-manufac-
turing plants at Guadalupe and at Santa Maria.

PURPOSE AND SCOPE OF THE IN'VES’I‘IGA"I‘ICN AND REPORT

The investigations of which this report is the third were begun by
the Geological Survey, United States Department of the Interior, in
January 1941 in cooperation with Santa Barbara County. The first
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 of the investigation in the Santa Maria
Valley area. It has been carried on by the Geological Survey, United
States Department of the Interior, under the . direction of O. E.
Meinzer, geologist in charge of tha Ground Water Branch; and under
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the general supervision of A, M. Piper, district geologist in charge

of ground-water investigations on the Pacific coast,

The investigation was begun in 1941 with the general ob]ectwes of

estimating the yleld of the ground-water basin supporting irrigation,
and. of evaluating the possibility or presence of sea~water contamina-

tion of the ground-water bodies, The investigation was also related to.

broad plans® for the.county-wide utilization of water resources, under
which it is proposed to construct reservoirs on the Cuyama and Sisquoc
Ravers for purposes of controlling floods, and storing or detaining flood

waters that can be released for replenishment of ground-water reser-
voirs downstream. Thus, the investigation was also directed toward
the solution of problems pertaining to the amount and distribution of - ’
runoff in the two rivers and to replenishment of ground—watel bOdleS'.

from them.

. Accordingly, the ground-water and surface-water phases of the '
work had somewhat different. scopes. The-detailed: study of the geol-

ogy, ground-water conditions and resources, and river-seepage losses

was restricted to the Santa Maria Valley area, as here defined 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
about 1,600 square miles; shown on plate 4.

' Specifically, this report describes the geology of the Santa Maria.
Valley ared as it pertains to the occurrence of ground water; the report. -

summarizes the runoff from the Ouyam'a, and Sisquoc River drainage
basins, and 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 estimates the amount of discharge, both natural and artificial ;
it discusses the quality of the ground water and the possibility of sea-
water contemination; and it estimates the perennial yleld. of -the
ground-water basin. ,

The collection of basic glound—watel data 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 1903-05, and from 1929 to date,

The geologic field work was begun in January 1944 -and carried on

intermittently until September 1945.

1 Water resources and utilization, Santa Maria, Santa Ynez, and related basins, U, 8, Dept. Intetior, Bur,

Reclamation, Harry ‘W, Bashore, Commissioner, O, B, Carey, Dirsctor of region 2: Muneographed project

planning rept, No. 2-3,1-3, pp. 27-29, June 1945,

INTRODUCTION » : A Ve
OLIMATE

The chmate of the Santa Mana 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 areasreceive less rain than the

‘surrounding mountains. - About 85 percent of tlie rainfall occurs dur-

ing the seven months from October through April, during which time

‘the hedviest rainfall originates . flom storms moving in from the

’ :P&CIﬁC Qcearl.

The temperature varies oonmdembly between winter and summer,
but, the mean annual temperature is about 60° F, During the winter,

* temperatures below freezing are infrequent and usually occur during-

the night. On the other hand, the summers are mild with tempera--

tures usually in the 70’. Only on the rare occasions when hot winds

sweep seaward from the valleys of central C‘ahforma does the tempera- -
ture approach 100° F.

The prevailing winds are from the northwest and durmg the summer.
months these winds bring heavy fogs which extend like long white
ﬁngers into the coastal valleys. ~ The fog usually appears in the even-

-ing ‘and lasts until about noon the followmg day, at which time it is
“burnied off’” by the sun. ‘Because the fog acts as an insulator against
heat froni the sum, it is beneficial to some types of crops.

Records of rainfall and of other detailed climatological data for
-Santa Barbara County ‘have been presented i another report (Upson,.

‘Water-Supply Paper 1108, i preparatlon) However, there are

presented in ‘table 1 records of rainfall at six stetions whose locations
ae shown on plate 4. The records show. the seasonal distribution, the
monthly quantities, and the variations in quan’mty of rainfall with
altitude. ‘ . :



TasLe 1.—Monthly and yearly precipitation, in inches,

at 6 stations in the Sania'.Mari'a Valley area, California
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TasLe 1.—Monthly and yearly precipitaiion, in inches, at 6 stations tn the Santg Maria Valley area, California—Continued
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TasLE 1.—Monthly and yearly precipitation, in inches, at § stations in the Santa Maria Valley area, California—Continued

Water year QOctober N%Veim_ D%Ceerm_ J:?g' Fg&);u' March April May June July August. tesrgg.er Annual
Betteravia (altitude 'ISSE)Eeet)—Continued
93637 - 1.31] 0 584 13281393376 ]034|0 [0 0 0 0 18. 46
08738 233 .41 1 2.79 1 438 16.49) 401 1.4270 0 0 0 .93 12076
938-39 Ll 131 .31 1.79 1 3.56 ) 1.99 ¢ 277 .40 041 T T -0 2.01 | 13.18
939-40 . .. .53 .86 1 1.50 | 3.96 | 2.76 | 1. 89 .54 1 0 0 0 T 10 12. 04
94041 ol . 62 .16 | 5.16 | 5.09 | 7.48 | 7.55 | 3.03 .07 10 .04 .09 10 29. 29
94142 e 1L04| .3206.80 (. 193|119 216]226| .15|0 o T 0 15. 85
94243 i __ 1. 05 .71 1.6816.3911.24] 220108 T 0 0 0 0 14. 35
943-44 . o _l 1. 05 .22 1 3.204 1.29 | 5 00 .66 1 1. 59 .09 10 0 0 0 13. 10
944-45_ i .32]2.03 ) 1.73 .87 12.43 13761 .09]0 .16 |.0 0 0 11. 39
.’_47—year AVerage oo o e e e e e ___; ____________________ 13. 98
16-year average; 1930~45___ | | o e e el 14. 47
N Suga_y Ranch (altitude 500 feet) 2

908~09__ (SN SRS SRU AU NN R SU SR DU 0 0 0. oo
906-10_ e _.__ (V8 2621511 1490}10.7513.810.531}0 0 0 0 .80 | 18. 54
91011 e __ .63 .45 .18 1 8551400} 7.25] 11010 0 0 0 0 | 22,16
O11-12 . __ 0 .24 12,10} 1.90 |0 4681112 1.8310 - 0 0 0 11. 87
91218 .0 .87 10 1 2:50 1 1.54 . 90 .25 .13 .10 .15 1 1.90 | 0 -8. 34
91314 i ___ 0 3.6313.05 11.75 | 2.15"| 1.15 |, .10 .05 .25 10 0 0 22.13
91415 . 0 0 5.68 | 5.72 | 6.80 .38 124011350 0 0 0 22. 33
916-16_ 1 ... 0 .22 ] 3.56 {10.65 | .00 | 1.72 | O 0 0 0 0 2.05 | 19.20
16170 1. 81 .44 | 5.75 | 1.75 | 2.27 | O .63 .18 10 0 0. 0 12: 83
LT=18 e el_. 0 .18 .25 .85 111. 98 4 3410 0 0 0 0 -25 11785

4\

ATIVO ‘IEATIVA VIV VINVS ‘“9EIVAM-aNQO¥D ANV IHOTOED

Selpo 0 o o .e0y 9.
o Jo- o o 0 9. 81
1.37 {0 0. |0 .17 | 12:33
44 | 0 0 0 0 15. 09
: o |0 {0 o .51 | 1488
N . 78 to0 1o o jo. |0 6. 09
Lo8|1.17 | 168 1.89 | 224277 | 286|158 . 0 0 o 15. 49
730|130 | 105|179 426 .27 (2700 0 0 0 0 11. 67
53] 2.43| .55 | 179|621 217 113.|0 0 0 0 0 13. 81
586 1,00 (369 | .151222|430| 1.75[0 0 0 0 0 15. 97
14310 |22 (190|140 {1s4| .75]0 | .22(0 o lo 10. 27
0. 0 22 | 358 143|301 | .55 1.38] .30]0 0 0 10. 47
0 L7100, |396|1.39] .27 ‘27 |128]0 0 o |0 8. 88
0 [293)670|307|355] .67 .67| .27|0 0 0 0 17.92
0 | .2211.20(607}| 20| -8 | .19| .09 {2530 0 0 11. 30
0 0 3281109210 .80 0 144, 9 0 0 8. 74
217 1498|201 | 394|139 |344|262/0 [0 o 1o 0 20; 55
"60|2.28 | L24a 113|514 1.32]1.23] .20 0 0 0 0 13. 14
1,33 |0 6.30 | 351 | 4,62 | 432 .47]0 0 0 0 |o 20. 55
17 26| 3.11|440|7.74 5362100 0. |o 0 . 46 |-23.60
19] .20 | 162 333|230 |225] .32] .02(0 0 0 .88 | 11.25
.62 1.06 | 1.58 [6.18 | 3.16 | 1.64 | L.74 | 0 0 0 0 - 10 |[15098
72} .04 | 534|437 |846|7.36)365] .08]0 | .14} .11]0 30.27
86| .28 |7.39| 1,69 | 134|146 408| .42|0~ |O o |0 |17.52
6410513 55|702|1.26393]|1.62]0 0 |0 0 0 19. 07
114 .31]8.55 | 177535 .84|1.49| .15/ 0 0 0 0 14. 60
(40 | 199 | 174 | 56| 3.47|3.66| .09| 04| 100 [T | .02}12.07
36-year average. .. _____ ST NSO SOOI SUNUUPUE (SNSRI EUUUUUIN HUSUIUN HUUUNUNN AU SN EUSPP FPNCI U upo 15. 17
16-year average, 1930—45__ - | | ]| e e e 15. 99
Bee footnotes at end of table. .

NOILDQUTOHINT "

e1



TABLE 1.—Monthly and yearly precipitation, in inches, at § stations in the Santa Maria Valley area, California—Continued
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GEOLOGY AND GROUND-WATER, SANTA MARIA VALLEY, CALTF.’

Mr. York Peterson, 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 Mr. C. J. Longwell, N

a water-well driller, and Mr. W. C. Matthews, Byron-Jackson pump
dealer, both of whom supplied many water-well logs.
and support given by ranchers and residents were greatly appreciated.

The portion of the geclogy shown on plate 1 and lying south of the

Santa Maria and Sisquoc Rivers is in large part after Woodring
(Woodrmg, Bramlette, and Liohman).

analyzing the hydrologic conditions of the area.
The writers acknowledge the advice and criticism of their colleagues
of the Geological Survey in the preparation of this report.

on quality of water was amended by A A. Garrett, and the section on
pumpage was improved by Penn P. Livingston, all members of thé
,Grl ound Water Branch. ~The section on surface-water resources was
Improved by H. M. Staﬂmd of the Surface Water Branch.

o
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. LAND FORMS

The Santa Maria Valley area is primarily the topographic expréssion’ |

of underlying geologic structures modified by the action of streams
‘and rivers. The valley area overlies a broad downfold, or syncline;
the bordering hills and mountains are the surface expression of anti-
clines or Tegional uplifts. The northwest-trénding extension of the
San Rafael Mountains is chiefly an uplift and forms the forth border
of the valley area; the Solomon and Casmalia Hills are on the axes of
upfolds and form the south border. Between these ranges is the
broad lowland occupied by the valleys of the Sisquoc and Santa
Maria Rivers. .

geologic history or affect the occurrence and. utlhzatlon of ground

Water
LOWLANDS .

Allw)wl plains,~—There are two major alluvial plains 1 the are:
one in the Santa Maria Valley and the other in the Sisquoc valley
and they are herein designated the Santa Maria plain and the Sisquo
plain, respeotlvely (pl. 1). Along the Cuyama River, owing to its

constriction i a relatlvely narrow consolidated rock gorge within the:
area, are only small remnants of an alluvial plain, whighfareurel amshf

# Lippincott, J. B,, op.-cit,, 1831,

The cooperation

_ Much valuable information 1s
presented in Llppmoott’s 3 report, and it has been of great value in--

The report
as a whole was Improved by J. F. Poland and J. E. Upson, the section " -

This is the agricultural district and has a somewhat
varied topography, many of whose features reveal elements of the
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unimportant hy comparison with those of the valleys of the Santa
Maria and Sisquoc Rivers..
The Santa Maria plain- extends from Fugler Point on the east to
. the sand dunes and the Pacific Ocean ot the west—a distance of about
20 miles. It mcludes the wedge-shaped part of the alluvial plam
lying northwest of the river in San Luis Obispo County, which is
_known locally as the Oso Flaco district. The plain attains a maxi-
. mum width of more than 5 milés in the vicinity of Guadalupe and
has an area of about 386,000 acres. It is a gently inclined, nearly
“level surface, which reaohes a maximum elevation of 350 feet at
- Fugler Point and has. an average westward gradient of about 17 feet..
per mile. It is the principal irrigated agricultural district in the area,
- and is supplied with water by nearly 300 irrigation wells.
Along the south side of the plain, and extendmg from U. S. High-
~way 101 to-the miouth of the Sante Maria River, is an old channel of
the river known as Green Canyon (pl. 1). Beoause it has been an
- irlactive channel during historic time and, further, because it has been
under e¢ultivation for many years, it is herein considered as & part of
the alluvial plain. _
- The Sisquoc plain begins at La Brea Creek; at an elevation of about
- 540 feet, and extends downstream along the south side of the river t6
. Fugler Pomt—a distance of about & miles. It has a maximum width
" of about 3,500 feet in the vicinity of the town of Sisquoc, is a relatively
flat surface which has a gradient of about 24 feet per mile, and slopes
i slightly both downstream and toward the river. The surface area Is
- & little more than 2,000 acres, most of which is irrigated by 17 wells.
" River chcmmels.—The Sisquoc, Cuyama, and Santa Maria Rivers
all maintain relatively wide and distinct channels within the limits
of the area (pl. 1). The Sisquoc and Cuyama Rivers join at Fugler
- Point to form the Santa Maria River. - Their channels are essentially
~dry washes supporting little or no vegetation; they have appreciable
- flow. only during the wet winter months, and then mamly during
. ﬂoods
‘The Santa Maria River channel is approximately 22 miles long and
- has an average seaward gradient of. about 15% feet per mile. The
ower courses of the Cuyama and Sisquoc Rivers have gradients of.
about 19 and 24 feet per mile, respectively. The channels range in
width from a minimum of 750 feet at the mouth of the Cuyama River
to a maximum of 7,000 feet northwest of Santa Maria. The com-
“bined surface area of the Sisquoc and Santa Maria River channels is
about 11,000 aores——about one—qua,rtel of that of the adjaoent alluvial
plains.
S Thestirface of the ohannels of the Sisquoc River and of most of the
“Santa.Maria River is only 3 to 5 feet below the surface of the alluvial
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plams, and In times of extreme flood the rivers extend:laterally onto-

the plans, 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.
Near Guadalupe, however, the Santa Maria River has entrenched
itself from 10 to 20 feet below the surface of the plain. and is usually’
confined by its banks.

At the western end of the Santa Nfana Valley, the river formerly
had two outlets to-the ocean through the dune sand deposits—one
through Oso Flaco Liake along the north edge of the valley, 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 from Guadalupe and follows the course: of
Oso Flaco Creek, which drains that portion of the Santa Maria plain

+ lying in San Luis Obispo County, and which empties into Oso Flaco
Lake {pl. 1),
tain an opening to the sea, drainage from the lake into the Pacifi

Qcean takes place by seepage thlough the sand deposits that separate '

them.

The present outlet of the Santa Maria River is blocked by beach *

sand during the summer months. The shallow lakes which form be-

hind the beach bar are supplied with water by discharge from a minor

water body (p. 74). Only during the winter months when the rive

is at a relatively high stage is there a direct comnection between the'

Tiver and the ocean.

. Terrace surfaces—~The terrace surfaces occur between the alluvial':

Pplains and the b01delmg hills and mountains, and are'often referred
to locally as “mesas’” or “uplands.” These are stream-formed feature
‘quite distinct from but correlative with the numerous smaller rem:
nants of marine terraces along the coast. :

Inland from ‘the ocean the terraces occur at two general levels, 40
feet and 100 feet above the adjoining alluvial plains, and they are
hereafter referred to as the 40-foot terrace and the 100-foot terrace
respectively. Of the two, the 40-foot terrace is the younger, the better
developed, and the more widespread. In the canyon of the Sisquoc
River it is locally over 50 feet above the river channel, The 100-foot
terrace is less extensive and is poorly developed; it is best observed
southedst of Nipomo. However, west of Nipomo Creek it is cover_éd
by dune sand.

South of the Santa Maria plain the surfaces of the two terraces
plus the large area of dune sand together form the- Orcutt upland;
North of the Santa Maria plain the large area of dune sand and the
100-foot terrace together form the Nipomo uplandc{pl. of )

Because the creek has insufficient discharge to main-"
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-, Fairbanks (1904, pp- 12 and 13) noted remnants of 10 marine ter-
‘| races ab heights of 10, 40, 60, 80, 100, 200, 350, 570, 700, and 750 feet
: above sea level. Of these the 40-foot and 100-foot terraces are prob- -
“ably the marine equwalents of the alluvial terraces in the Santa Maria
. Valley area.

Sand dunes.—The sand dunes on the Nipomo.and Orcutt uplands
and at the west end of the Santa Maria plain form another prominent
topographic feature of the area. The sand dunes form a very irregular
- but typical topography. The prevailing northwest wind is and has
"been the controlling agent in their formation and has elongated them
in a northwest-southeast pattern, with numerous narrow closed drain-
age basins lying parallel to and contained between the ridges. The
dunes have gentle slopes on the northwest or windward side and steep
slopes on the southeast side, where the dllftmg sand spills over onto
*the lee side of the dunes. _When the wind is blowing hard the rate
of sand spilling over the lee side of the active 01 modern dunes becomes
rapid and the dunes are said to be-“moving” or “drifting.”” In this
manner the dunes have “moved”’ mland from the beach and are. con-
tmumg to de so.

. BORDERING HILLS AND MOUNTAINS

San Rafael Mountains.—The most prominent mountain range in
Santa Barbara County is the San Rafael Mountains,  Big Pine Moun-
tain, which rises to an altitude of 6,828 feet, is the highest peak in the
range and also the highest peak in the county. - It is about 30 miles
east-southeast of the area. From Big Pine Mountain the crest of the
renge deereases in altitude gradually northwestward. It forms thie
northern boundary of the Santa Maria Valley area, and there has an
altitude of 1,700 to 3,000 feet. '

The core of the range, which is composed of old and resistant rocks,
is highly dissected and is characterized by deep ravines and knife-edge
Tidges jutting off at sharp angles to the axis of the range. This jagged
topography is further emphasized by large fault escarpments. Ad-
jacent to the area, however, the topography is less rugged for in general
the rocks are younger and less resistant. FPlate 1 shows four major
streams heading in the range. From east to west they are Lia Brea and
epusquet Creeks, which are tributaries of the lower Sisquoc River;
and Suey and Nlpomo Creeks, which are tributaries of the Santa Mana
Rwer

¢ The courses of the Sisquoc and Ouy&ma Rivers are outstanding
physiographic anomalies. The Cuyama Rlver, which flows in a west-
erly direction on the north side of the Sierra Madre and the San Rafael
Meutitaiis (pl. 4), turns southward immediately below its junction .
with Huasna Creek and crosses the axes of the ranges to join the Sis-
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~ quoc 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 drdinage area of the-rivers covers parts of both the north and south-
sides of the Sierra Madre and the San Rafael Mountains. No part .
of the Sisquoc drainage area is north of the Sierra Madre.
Casmalia and Solomon Hills—The Casmalia and Solomon Hills, -
whose crests form the southern drainage divide of-the area, are es--
sentially one continuous range of hills extending westward from their
junction with the San Rafael Mountains near Foxen Canyon to the-
Pacific Ocean (pl. 4). These hills are separated by a low saddle at an'
altitude of 520 feet, known as Graciosa Divide.
The Solomon Hills reach a maximum altitude of about 1 620 feet
south of the town of Sisquoc. The hills consist of a. moderatelyv
-, 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 relatively unconsolidated upper Pliocene :and-
Pleistocene gravel, sand, and clay whose topography is characterized:-
by rolling hills and moderate to deep gullies. Heads of many canyons.
and larger gullies are amphitheatric in shape—a feature brought &bout .
. by landslides.
 The Casmalia Hills are similar to the Solomon Hills in most physm~
graphic respects. Mount Lospe is the highest peak and rises to.an-
an altitude of about 1,640 feet-—only 20 feet higher than the highest.
peak in the Solomon Hills. Northwest of Shuman Csnyon, the.
Casmalia Hills veer to the northwest and older basement Focks crop:..
out. Arnold and Anderson (1807, p."19) descnbe this palt of the hills: -
as follows; .- . q

The Casmalia Hills, partioulariy that poftion_north of Schumann [Shﬁmaxi]‘,
Canyon, have a distinct individuality among the topographic features of the basin
region, and may- be: Iegaxded as & separate although small range allied in age and
character with the bounding ranges. It.is conformable in trend with the Sa,nl ’
Rafael Mountains and forms a prominent headland jutting out t0 sea.

This prominent headland, formed by the resistant core of the ranhge,
is Poiut Sal; its impressive clifis- rise as high as 1,000 feet above the
sea. Both n01th and south of the point, wave action has eaten more
rapidly into the less resistant rocks composing the flanks of the range,
and cliffs are less pronounced and, gradually merge with the valley
plains, Although the headlands suggest a coast line of emergence the-
adjacent valley fills of Recent age indicate that the coast line in- 1eahty
is one of submergence in Recent time. : - _ : ,

From. east to west the principal streams drammg the n01th flanks e v e e e e -
of the Casmalia and Solomon Hills are in Foxel; Canyw Ot Tty ‘




Stratigrapﬁic units of the Sante Maria Valley area, California

Geologic age

Formation and symhol on plate 2

“Thickness (feet)

General }thologic character

‘Water-hearing propefties

Quaternary

Tertiary

i

Jurassic (1),

Recent

Pleistocene

1

Pliocene {(upper)

Pliocene (upper)
to
Miocene (lower)

Dune sand (Qs)

Sand, coarse to ﬁne', well rounded, and in part

Uncornformity

River-channel deposits (Qre)

Paso Robles formation (Tpr)

- - - - Local unconformity - - - -

Careage sand (T¢)

k4

Local unconformity - - -

Uncousolidated Tertiary rocks,
undifferentiated (Tu). (Includes
Toxen mudstone, Sisquoc forma-
tion and l\([onterey shale.) -

- - - - Major- unconformity - - - -

Franciscan and Knoxville (7)
formation (Jfk)

0-100-- Unconsolidated; locally yields water in very small
actively drifting. quantity where it overlies clay or hardpan.
Coarse gravel sand, and some silt in the channels | Unconsolidated and generally above the zone of
~of the Cuyama Santa Maria, and Sisquoc water-table Buctuations; permeability 154 to
025+ Rivers. Generally finer-grained in the Santa 1,060 gallons per day per. square foot deter-
0 Maria River than in the Sisquoc and Cuyama mined by laboratory tests. KEnormous seepage
- Rivers. losses from Sisquoc and Santa Maria Rivers
take place through these deposits.
Gravel, sand, silt, and clay of fluvial origin except Unconsohdated vields water to wells in quan-
locally near the coast where marine clays and tities up to 2, 200 gallons per minute, but aver-
- sands interfinger; underlies Santa Maria and ages about I, 000. Permeability 2,000 to 4,500
0-230 Sisquoc plains. Composed of two members ga]lons per day-per square foot det_ermined fror'n
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 satura-
0-75 ocecurs 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, clay, and silt predominantly of | Unconsolidated, Beneath the Orcutt: upland
) fluvial origin, Locally has a coarse gravel the lower member is principal source of supply,
0-225 and sand lower member, and-a sand and clay and water is of the best quality in the. area.
upper member principally beneath the Orcutt
upland.
Somewhat compacted gravel, sand, clay, and silt | Unconsolidated; yields water to wells in appreci-
occurring in discontinuous, lenticular bodies able quantities, Permeability about 65 gallons
0-2, 600 & 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. . meable in the eastern part of the area.
Somewhat compacted medium-grained to fine- Unconsolidated; not ta.pped by wells, owing to
100-650 + grained, marine sand with some silt, indurated caving or ﬁowmg characteristics and to depth
in surface exposures. lLocally fossﬂ].ferous, beneath most of area. Permeability about 70
and contains few gravel and sand lenses. gallons per day per square foot.
Predominantly porcelaneous and diatomaceous | Consolidated or highly compa,cted, essentially
= shale with considerable mudstone, siltstone, not water bearing except for joints or fractures,
0-10, 0004 sandstore, siliceous shale, pvroclastlc tuff . Probably supplies little water to the area.

and ash, occasional basic mtruswe rock, and
some hmestone .

Not tapped by wells.

Metamorphlc and igneous rocks of serpentine,
_quartzite, glaucophane schist, and green-
‘banded and red-banded chert associsted with
fine-grained green.sandstone locally pyritifer-
ous and altered, and green o black shale.

Consolidated gr highly comp&cted, essentially
not water bearlng except for joints or fractures.
Probably supplies little water to the area.
Not tapped by wells.

930370—b1 (Fece D, _23)
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Solomon Glaclosa and Shuman- Canyons Owing to the. relatively
: light ramfall on these" hﬂls the 11moff of the stl eams 1s ephemeral and .
) extremely loW' - - S - . o

G—EOLOGIC FORMATIONS AND ’I‘HEIR WATER EEARING—
PROPERTIES :

AGE _A.ND DISTRI:BUTION .

R For ‘the pmposes of th.‘lS report the geologlc fmmatlons 1n the Santa
" Maria Valley area have been d1v1ded into two groups: Unconsolidated
Water—bealmg deposms which are of uppermost Tertlary and Quater-.
" nary age; and consolidated and. essentla]ly nonvwatel-bealmg rocks,
Wlnch lmdelhe the unconsohdated ~deposits’ and ‘which Tange in agée-
fl om. Jurassic to upper Ter tlary ~From’ oldest to youngest——that is,
"in, suceession - upward—#the lmconsohdated deposits - include the
: Caleaga sand, the Paso Robles: and ‘Orcutt _formations, . the terrace -
depos1ts alluvmm, river-channel - depos:Lts ‘ and ‘dune ‘sand.  They .
con51st 1argely of lentloular bodies of gravel sand silt, and clay. They:
.accur in the central part, or heart of the area, in an asymmetnc Struc-:
tural depressmn OT. synchnal trough extendmg from La Brea Creek to
" the, gcean.::. Canfield (1939, p. 69) has ‘designated the part of the
synclme m the Santa M&na Valley as the Santa Maria Valley syncline; -
© its.axis 1s shown on ‘plate 1. Along this axis, near Orcutt, the uncon- .
: sohdated dep0s1ts attam a maximum thlckness of about 3,000 feet and
extend; Westwald beneath and are in contact ‘with the. Pamﬁc Ocean,

clscan and- Knoxvﬂle (n. f01mat10ns the Monterey shale and inter-
- bedded. volcamcs ‘the. Slsquoc formatlon and the Foxen mudstone. -
'These consohdated rooks f01m the north east and south 31des and the .
- bottom of the ground-watel basm )
Ol well 1ogs show. that- the Teltlaly and Quaternaly rocks attam a
"':ma)mnum thickness of more than 10,000 feet along the axis. of the

mode.late rap1d1ty up the ﬂanks of: the synchne to’ Lhe north: ‘and
" south before cropping ‘out.in the surroundmg Rills and mountains, -

. “Plate 1 shows the areal distribution of the various formatioxs® ; Plate
+ 2 shows ‘their stratigraphic and structural relations; and-the followmg
table ofi stratigraphic. units. - summarizes , then sequence general
char actenstms, and Watel-bearmg propertles PER

_ Because . the consohdated rocks. aré - essentlally not Water bealmcr
- and. axe. unportant only in that they. define the basal and lateral limits
:0f the main water ‘body and its, containing, deposits, they are distin-
guished. on the: geologlc map and éross sectiozis (pls. 1 and 2)-only as
consolidated Tertiary rocks undifferentiated,: and ag-the Franciscan
"k and Knoxville (7) fOIIIlELthDS On the other ha.nd the unconsohda,ted

“From oldest to-youngest, the consohdated rocks include.the Fran- .-

anta - Mana Valley synchne near, Oloutt and that' they thin with -
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~deposits, or water-bearing formations, have been mapped carefully
and the areal extent of each is shown in detail .on all three plates. .
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.

CONSOLIDATED ROCKS
FRANCISOAN AND KNOXVILLE (1) FORMATIONS (FURASSIOT)

The oldest recognized rocks in the area are the metamorphose&
igneous and sedimentary rocks of the Franciscan formation, which is

of Jurassic(?) age. Closely associated with these are sédimentaly.

and metamorphic rocks, which possibly are pa,rtly of the Knoxville

formation of Jurassic(?) age. Where examined in the north-central

.. part of the area, both formations have been moderately to intensely

folded and faulted, and no effort was made-to distinguish them in the-
field or on the geologic map (pl. 1). Woodring (Woodririg” Bramlette,

~and Lobman, 1943, p. 1343), recognized both formations in a small area.
in the western part of the Casmalia Hills, and found the Franciscan
formation to consist principally of altered basalt and gabbro with:
minor areas of peridotite and serpentine, and the Knoxville formation
to consist of intercalated beds of sandstone, conglomerate, ard dark—

colored shale, which is locally altered to lustlous phyllite. Canfield.
(1939, pp. 67, 68) examined the cores from ol wells drilled in the
Santa Maria oil field, and found the Knoxville formation to be comi-

posed . of fractured calcite-veined hard greenish-gray pytitiferous

medium-grained sandstone, highly faulted and slickersided clay—
shale. " A few foraminifera were found in these cores which suggest &

possible Cretaceous age for a part.of the rocks encountered.

Where the Franclsoan and Bnoxville(?) formations crop out a.long.
the north side of the Santa Maria River, they were found to con51s

principally of fine-grained green sandstone, thin-bedded dense green

ish to red chert,.and slickensided light-green to dark-green serpentine,

with lesser amounts of hard gray gl&ucophane schist, quar (,z1te, hal
green to black sha.le :

MONTEREY SEALE AND INTERBEDDED VOLCANIC ROCKS (MIOCENE) ,

The Monterey shale is separated from the underlymg Francisca:
and Knoxville(?) formations by a major unoonfommty, which &
places may be a fault. No other formation is known to occur betwee
the Monterey shale and the Franciscan and Knoxville(?) formation:
“in the area covered by this report. However, in the western Casmali
Hills; "Woodsing (Woodring,; Bramlette, and Lohman 1943: 13431345
mapped two intervening formatlons the ‘Tospe formatlon of lowe
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Miotene(?) 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 Tertla.ry age.

. The Monterey shale, which is of middle and. upper Miocene age, 1s

' of marine origin, and is the principal source rock of petroleum. It

attains a maximum thickness of about 7,000 feet in the structural

‘trough - beneath ‘the town- of - Orcutt, but is considerably thinner
“elsewhere. It forms the core of the Casmalia and Solomon Hills,

extends beneath the Santa Maria and lower Sisquoc valleys at con-
siderable-depth, and rises to the north to form the main part of the
San Rafael Mountains shown within plate 1. . It has been described
by Woodring (Woodrmg, Bramlette and Lohman 1940 D. 1345) as

follows:

Three mapped members are recognized in the Monterey of the Santa Maris

district. The lower member is characterized by phosphatic shale, silty shale, and
.somewhat ‘porcelaneous. 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 1,000 feet in the eastern Purisima Hills.
Limestone, doubtless more or less dolomitic and presumably not of p'rirnary‘

_origin, -is found throughout the formation, being most abundant in the lower

member, The chert of the middle member is characteristically contorted and

.forms generally conspicuous outcrops. Wherever the upper member. includes

‘both hard porcelaneous shale and soft distomaceous stra.ta, the soft distomaceous
strata overlie the hard porcelaneous shale, -

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

“in color ‘and highly jointed and fractured.

The volcamc rocks associated with the Monterey shale dlﬁel
widely in character from place to place, but in general fall into two

- clagses—pyroclastic and intrusive rocks. At the mouth of the Cuyama
“Riyer, Arnold and Anderson (1907, p. 34, 35 and pl. 34) recognized
“the pyloolastlo rocks, which were probably laid down under marine
_condltlons These deposms show distinct bedding, and are composed
Jof resistant red and white agglomerate and yellow tuff beds with a

‘few 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 with the Monterey shale

‘is-intrusive andesite. Outcrops of this material can be seen in a road
‘cut on State Highway 166, just east of Suey Road. It is dark green
_to black in color and has a pillowlike structure, indicating that it
.probably W&S erupted: subaqueously dnto the- plastlo Moniterey, shiale.
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SISQUOC FORMATION (MIOCENE AND PLIOCENE)

The Sisquoc formation is exposed high along the north flank of the -

Solomon and Casmalia Hills, -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 I&noxvﬂle(’*)
formations beneath the Santa Maria Valley. -

The Sisquoc formation, which is. of upper Miocene and- 1ower and
middle Pliocene age, rests unconformably upon the Monterey shale.
It is represented by a coarse-grained shallow-water facles in the’
Sisquoc River valley, and by a fine-grained deep—water facies in-the,
western part of the area. The deep~Water facies attains -a.maximim
thickness of about 3,000 feet and.is composed primarily of massive
diatomaceous mudstone with some porcelaneous shale and claystone

-beds. The shallow-water facies is considerably coarser and thinnelz'
and is composed of relatively hard beds of siltstone and some cou-
‘glomerate.  In surface exposures the Sisquoc formation resembles the,
Monteley shale to 'a marked degree, particularly where the deep-
“water facies of the formation is represented.

FOXEN MUDSTONE (PLIOCENE)

The Foxen mudstone crops out only along the north flank of the»
Casmalia Hills and extends beneath the Santa Maria Valley, where. it
attains a maximum thickness of about 3,000 feet near Betteravia, . It:
laps upon the Franciscan and Enoxville(?) formations beneath the

~valley floor and does not crop:out along the nerth side-of the valley. :

The Foxen thins rapidly to the east and is mlssmg beneath most’ of
the Sisquoc valley.

The Foxen mudstone of this report corresponds to that designated
by Woodring (Woodring, Bramlette, and Lohman, 1943, pp. 1353~
1355). It includes only the mudstone, siltstone, and fine-grained;
silty sandstorie of middle(?) and upper Pliocene age, which rests con-,
formably upon the Sisquoc formation in the western part of the area,:
and unconformably upon it in the eastern part. The fine-grained. to
medium-grained soft sandstone resting upon the siltstone has been
considered a part of the Foxen by Frame (1938, pp. 30, 31) and"
Canfield (1939, pp. 654~60), but it is now distinguished as the C‘areaga"

sand.
WATER-BEARING PROPERTIES OF THE CONSOLIDATED ROOKS

The consolidated rocks are essentially not water bearing. ~'.Th.é"

denseness and high degree of compaction render them incapable qof

transmitting water. -However, most-of the formations contain frac-
. tures, joints, and fissures induced by folding and faulting,. Conceiv-,
ably such openings may convey small quantities of water to the-

adjacent unconsolidated deposits. A few wells have been drilled mto"

the consolidated rocks in search of water for domestic and stock use,
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.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 ravines along the south flank
~ of the San Rafael Mountains issue from. fractures in -the. older rocks.

.Therefore, it is believed that a relatively small quantity of water is.

transmitted to -the main water body through such iractures in the

consolidated rocks.

- UNCONSOLIDATED WA’I‘DR "BEARING DEPOSII‘S OF TERTIARY AGE -
CAREAGA SAND (PLIOCENE)

A7 eal extent. ——The Careaga sand crops out along. the north ﬂanlc of

“the. Casmalia and Solomon Hills, extends ngrthward beneath the
wvalleys .of the Santa Maria, and the Sisquoc Rivers, and laps upon the

consolidated rocks beneath the. northern edge of the valley floors.

',('See geologic sections A-A’ and C-C”, pl. 2.)" An isolated outcrop of
- tar-impregnated (lareaga forms the north end of Fugler Point (pl. 1).

- Stratigraphy —The C‘areaga sand, which is upper Pliocene in age,

~was formerly considered to be the. uppermost member of. the Foxen

formation (p. 28), but is now genemﬂy distinguished as a separate

.gformation. The Careaga rests conformably upon the Foxen mud-
stone in the. central part of the Santa Maria Valley. Eastward, it .
laps unconformably upon the Sisquoc formation.

In most water wells the Careags is logged as sand—v arely as sand—
tone, although in surface exposures it appears somewhat consoli-

d dated. The induration is apparently Just a surface feature presum-
“ably due to cementation, and does not. extend to any appreciable

depth. Therefore, the name Carega sand is used in this report rather
han Careaga sandstone, as the formation has been described by

~ ‘Woodring.

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

" recognized two members of the Careaga, Wthh e dlstmgulshed as

he Cebada fine-grained member and the overlying Graciosa coarse-

_grained member. Ior the purpose of this report they are treated as a
+ single unit, which is shown on the geologic map.

, Lithology .and thickness—The-Careaga sand is composed primarily

. of white to yellowish-brown loosely consolidated massive medium-

rained to fine-grained sand with some silt and with numerous lenses
r “reefs’’ of megafossils. It is predominantly of marine origin. - In

- the upper part it contains some lenses of soft conglomerate, the pebbles
‘.of which are Well rounded and composed ‘primarily of porcelaneous

hale,
. The maximum thlckness of the sand is about 650 feet and occurs

slong the axis of the Santa Maria Valley syncline. Locally beneath the
notthPHank ot the va],ley 1t thms to ammunum thickness of about 20

030370--51——=3
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fe‘et'. “Most oil wells in the Santa. Maria Valley oil fleld pierce the -

Careaga, but in most of the area its top is several hundred feet below
the depths penetrated by water wells (pl: 2). Along the north edge

of the Santa Maria Valley a few wells penetrate the Careaga. The -

geologic section on plate 3 shows the position of the Careaga beneath
the eastern part of this valley. Wells 10/33-18H1, 10/33-18E2,
10/33-21R1, and 10/33-27D1¢ aré the only water wells that are
known to have been drilled through the Cdreaga, which locally ragipes

in thicknessfrom as little as 20 feet to 120 feet (For complete logs of
representative wells see table 16.)

Watér-bearing proper t1es.—The Car eaga sand bears the distinction of
being the oldest water-bearing formation in the area, but it is probably
one of the least permeable owing principally to the contained silt.

The loosely consolidated sand is capable of transmitting water through |
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 Careaga sand. Although in this area its water-yielding
capacity remains unknown, in the Santa Ynez basin yields of 150
gallons & minute or more have been obtained from the Careaga by
use of gravel-envelope wells. = Presumably yields of thls magmtude
could be obtained in the Santa I\Iarla Valley area. :

Laboratory tests of permeability made on samples of the Careaga

sand in the Sante Ynez basin (Upson and Thomasson, 1951), where -
“.. its lithologic properties are believed to be -essentially the same as

in the Santa Maria Valley area, showed coefficients of pelmeablllty
which averaged about 70 gallons a day per square foot at 60° ‘F
(Wenzel, 1942, pp. 7-10). . When comipared mth that of the alluvium
this permeability is qmte low. :

‘PASO ROBLES FORMATION (PLIOCENE AND PLEISTOCENEY)

) AREAL BXTENT _ ‘

Like the Careaga sand, the Paso Robles formation crops out along.
the north flanik of the Casmalia and Solomon Hills, it is folded down-
ward in the synclinal trough of the Santa Maria and Sisquoc valleys,:
and the upper part is truncated on the north limb by younger deposits
“(pls. 1 and 2). Several minor isolated outcrops of the Faso Robles are
found on the north side of the area. :

STRATIGRAPHY

The Paso Robleg formation,® which is upper Pliocene to lower:‘<
Pleistocene (?) in age, was considered a part of the Fernando formation:

¢ 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" all unconsolidated and some consolidated deposits

',from upper Miocene to lower Fleistocene. Both Frame (1938, pp.
- 28, 30) and Canfield (1939, pp, 52-54) limited the Paso Robles forma-
“tion to 200 to 500 feet of ’blue gravels’ resting upon the “Foxen sand,”
here called the Oareaga, sand, and underlymg from 400 to 1,600 feet of

stream gravels or “yellow gr avels
The Pagso Robles formation as used in this report includes both the
“blue’” and “yellow gravels,” as differentiated by Frame and Canfield,

f'.;and so conforms with. the more recent work done by Woodring (Wood-
ring, Bramlette, and Lohman, 1943, 1358~1359). The formation lies

conformably upon the Careaga sand except locally near some valley.

‘margins where it overlaps the Careaga, and extends unconformably

over the older Tertiary rocks, notably west of Tepusquet Creek. It -
is overlain unconformably at one place or anotlier by all the younger

‘ dep081ts

A deposit of massive fine white sand over 125 feet, thick and
probably of marine origin, occurs along the axis of the Sants Maria
syncline near Orgutt. This body has been observed only in water-

well logs, The sand is apparently overlain unconformably by the

Orcutt formation (pl. 3), and may lie unconformably upon the Paso
Robles formation. It may be & hitherto unrecognized and distinet

‘stratigraphic unit older than the Orcutt formation and younger than
‘the Paso Robles. However, because its reldtion to the Paso Robles.

remains uncertain and, furthel because the sand is of limited extent
it is tentatively assigned to the Paso Robles formation. .

LITEOLOGY AND THI CKNDSS

The Paso Robles formation is probably the oldest nonmarine deposit

in the area. In general it is composed of stream-laid lenticular beds
ior lenses of coarse to fine gravel and clay, medium to fine sand and
- clay, silt, clay, and some lenses of gravel and sand. In the lower

part’ discontinuous thin limestone beds occur. However, the fact

“that the deposits on the south limb of the syncline appear to be some=

what finer-grainéd and of different composition than those forming

‘the north limb, suggests & separate source for each and an inferred
.overlapping along the axis,

‘The lithologic character and textural irr egularlty of the formation
ong the south side of the area are perhaps best shown by two rela-
vely complete sections cbserved in the Santa, Maria Valley and one

Tp&l tlal section observed in the Sisquoc valley.
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Section of about the lower three—fourihs of the Paso.Robles formation, exposed in ravine
in the E}/z sec. 84, T 10 N., R. 35 W.

Feet
Sand, medium-~grained, gray to brown mterml\ed_______”-___-____,___.'- 8
Clay, silty, brown to Lo S SO 46
Sand, coarse, gray; and some clay._ ...l 22
Clay, silty, gray; and Some sand_ .. oo _oo S el 19
Sand, silty, PrOWh v oo o mecm e e S e e e - 5
Clay, with some sand and silt__________ e e " 60
Silt, sandy, soft, brown, weathers gray_ ... _l___. .. 57
Clay, silty, compacted, buff. ... e S U U 12
© Clay, sandy, gray i e e oo 54
Clay, silty, varved, brown__.._....__ Sy w 11
Sand, clayey, fine, DrOWD- - oo .. .68
Sand, medium-grained, massive, buff; and some clay. - oo oo ooooaooo_ 64
Sand, clayey, coarse, gray; and pebbles._____________________o__:_ __ 33
Sand, locally clayey, massive, medium gray... oo ___._ 75
Clay, silty, massive, buff. _ e lloas 53
Sand, hard, massive, fine, gray . o e el 48
Sand, massive, fine to medium, coarser near top, clean; considerable fer-
. ruginoué sta.in_-o__-__,_________;__ _______________________ i T.22
Clay, limey, White. . e 20
Limestone, fossiliferous, punky to hard; and some sand__._______________ 1
Sand, medium-grained to coarse, clean, gray_ .. . ...l ___.__.____ 7
Sand, massive, fine to medium; ferruginous stain. . . ..o ____ 14
Clay, gray; occaslonal lenses- of medium-grained sand with ferrugmous
Sbalm o e 28
Sand, clayey, gray- brown, but weathers gray. ... 53
Silt, clayey, brown; and little sand. ool 9
-Clay, limey, soft, White__c_-___hw--",-,;--__-_~_;;_---_-__--________ T
Clay, silty, Drown - _ o e e e 12
Sand, coarse, clayey; and some small pebbles. ool S 19
Clay, limey, soft with occasional hard spots and some fine sand _________ .- 8
Sand, fine, clayey, white to yellow.._.__.- e e 28
_ Sand, massive, clean, well-tounded grains, buff-colored, mostly quarts, :
feldspar, and shale; visible openings between grains. .. ... ......_ 25
Sand, hard, coarse, clayey, with feW pebbles and cobbles; brown, but
" weathers gray-white_ - -t . 60
Limestone, conglomeratic, hard; quartz sand, and porcelaneous shale :
cobbles as large-as 3 inches_ . oo 32
Sand, medmm—gramed soft; and clay with a few small quartzite and por- .
celaneous shale pebhles ..o oo .. 18
Concealed; probably same as above_________. PO - 90
Band; medium-grained, soft; and some claym-_w“;-_"' _______ S - 30
Clay, limey; and sand, a.bove which water seeps. ® . ______ e 3
Sand, fine-grained to medium-grained, cla.yey, brown; and small porcelane-
0us shale PebBIeS . o oo : 9
Concealed; smooth surface, probably clayey sand .- Z_ o ... o 33=1
Limestone, basal; contains few white quartz sand grains ... . ... 3
Total_ o o e e e B OF TOTETTET 1, 462
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Sectwn of about the lcwer three fourths of the P(LSO Robles formalion, expased 1n
ravine in the WY sec. 15, T: 9 N, R. 84 W,

) Grzwel coarse, brown sandstone, polcelaneous shale, metavelcanics; s&nd Feet

. and some olay _____________________ e e e e e e e 146
* 8and, coarse, brown...__ e e e e IS AU, 10
Grave] medlum sand, and clay-:-____-__,,_-_c____-_~____<_,___-.___’_--+-‘ 35
Concealed ___________________________ U -89
Grayel, mostly Porcelaneous shale, rounded; littlé sand_. .. ... ... =6
‘Concealed____-__--_______,__-_____'_-__-_-____-_;-,__; _______________ - 214
Sand, coarse, brown; some gravel. ... e 18
Clay, silty, gray to brown___.___ SR SN X
' Clay and medium+grained gravel._._______ . _ . ... 19
Sand, massive, méedium, brown____,_-_;;'______-_7;-_-.___,____;_;;_---- : 7
. Sand and coarse gravel showing cross bedding_...___._ e ’ 70
Clay, BB cmmm oo D et B
Sand, coarse; and pebbles of brown sandstone _Porcelaneous shale, and '
metavoleanios - L e 28
' Clay, sandy to silty, brown__.‘__o---»-u-_._,_-____,--____,_,-__‘ ....... - 30
Limestone, sandy, white.____ e e e S T
Sand, massive, brown_...._____..____ e e e 6
Sand, hard; and gravel . L ____ L ____ e JRIT U §
Clay and coarse gravel as'large as inches oo e 13
Sand, clayey, DrOWIa . o o e e ) 8
Sdnd, clay, and cobble gravel as large as4inches. . __ . ________._. .. 1o
Sand; brown; and cobble gravel_”_____---_,-,-____-__-___--___-__-.'__ 8
Concealed _____ e e e e e e e e .25
Clay, gray, sty . o e 4
Sand, fine; and small rounded pebbles. - .. o, 8
Conoealed___"_c__________“____-____________-__‘ _______ e 141
Cobbles"of porcelaneous shale and weathered-brown ‘sandstone; rounded,
as]algea.sBmches-_;"_-,______-__-_--h_ﬂ-___,---_-_____,-_-..“_ﬂ,_ 1
Coneealed. - o e .81
Clay, BraY o e 18
Concealede oo L e e ' 31
. Pebbles, rounded, sand, and clay; gray._ ... __ [ e 22
- Sand, massive, fine, clean, buff._________ e e i 27
Pebbles, rounded, sand, and clay; gray.. ' . ...___ ST SO 44
‘Sand, massive; gray._...... ottt e e . 4
Pebbles and .cobbles of poroelaneous shale as.large. as 3 1nohes cand-clay.. .22
ClaY, BraY o e e e e e ——— 6
Sand, clayey, brown; and some pebbles..__________ e R & ¢
Clay, limey, grav---'_;_'_ _____ o e e e '35
Coneealed - oo e e el 12
Sand, medium-brown; and some silt___ . _._____ e e <12
Clay and some sand; gray. oo oo ool ___.... - 88
Clay, silty, browno_" __________________ e S
Sand, clayey, medium, gra.y, and pebbles of poroelaneous shale ‘ 59
Sand ﬁne, clean, gray-_;_----_-; ___________________________ ' ' G
: 30
12

S e 115
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Seciion’ of .about the lower three-fourths of the Puaso Robles formaitorn, erposed in thrckness ra,nges Wldely W&tel‘ WBH 9/34-3N4 (table 16), which. is
raving in the Wig seo. 15, T. 9 N, k. 84 W.~—Continued - the deepest well in the area (900 feet), is situated almost on the axis
Clay, sighily limey, gray..--..-._.. e F”2‘4 ~of this trough ‘and” penetrates the formation for & thickness.of 716 :
leestone basal. .o . e 5 feet——only about one-third the total thrckness at this pomt
Total,:; ————————————————————————————————————————————————————— 1’ 621 WATER—BEA.RING PHOPERTIES .

" The eoarse -grained 1enses of the Paso Robles formation supply &
considerable quantity of water to wells, but the finer-grained lenses
probably supply very little. Asa whole the formation is a good water-
- bearing deposit, probably about as productive as the Orcutt formation,
“but considerably less than-the alluvium. Few weélls have been per-
“forated in the Paso Robles alone, but those show that the formation
- is eapable of yielding water to wells at rates as great as 1,000 gallons
. per minute.  Flowever, to obtain this high production the casings are
perforated throughout a considerable section of the formation, and the
_wiells have relatively low specific capacity, ranging from 5 to 10
allons & minute per foot of drawdown. :

"The pérmeability of the formation has been determined by a
ebb¥ery test (Wenzel, 1942, 125-129) in one pumped well near the
const where the deposit is generally fine-grained. The test was run on
well 11/35-20E1, which pefietrates only & part of the Paso Robles but
he résults 6f which are believed to be representative of the-formation-
n'that area. - They mdleate that the de p051ts tested have an average
.permea,blhty of about 65 ga,llons a day per square foot, or about the
ame magnitude as that obtained for the Careaga sand (p. 28).

It dan -be concluded. that the grain size and probably the water-
Yleldmg oapaerty of the formation decreases toward the coast and
rom north to south. The numerous irrigation wells on the Santa
._Marla plain, therefore pr obably tap the most produotwe part of the’
ormatron

Section of 'part of the Pasa Robles formation, ezposed in Cat C’anyon in the SE}QSE%_ :
sec. 18, T. 9 N.,, R. 33 W,

_Soﬂ A e
Cabbles as large as 4 inches, sand, and clay_.___. e
Sand, clayey, fine; and small rounded porcelaneéous shale pebbles_____ ...
Sand, coarse; and cobbles as large as 3 inches of metavolcanies and porce—
Claneous shale.. ool -
Sand, medium-grained; and some small porcelaneous shale pebbles__ . ____ ’
-~ Sand, massive, medium to fine, subangular mostly” quartz and feldspar
with porcelanecus shale._.___ e e ——
Gravel, as large as 1 inch; sand, and'some clay__. ... __________ .
Cobbles as large as 3 mches mostly of poroelaneous shale some brown
- sandstone and metavolcamcs coarse sand, and clay_________________.
. Sand, coarse; well rounded smaH porcelaneous shale pebples, and httle“

~ The hthologlo oharaoter of the Paso Robles formatlon &long the
north ‘limb of the synchne is known primarily from logs' of. wells.
Beneath the Santa Maria and Sisquoc plains and the Orcutt upland
water wells penetrate the Paso Robles formation for distances.of from
several feet to over 700 feet. Only those along the north edge of the
Santa Maria plain pass through the formation; which in this aréa is
represented by a truncated sectiom: - (See section G-, pl. 2.)° The
logs show that, except for a coarse basal gFavel 10 to 30 feet in thic
ness encountéred only by oil wells in the Santa Maria Valley oil field ¢
there is no correlation possible between: beds from place to place in
the formation, and that the deposits are lenticular; However;: the
logs show thet in general the Paso Robles contains large quantitiesof
. bouldérs and graiel, chiefly 1 n a matrix ¢f clay but locmly.~.urcludmg
somesand. Westward near the coast the formation i 1s composed mostly
of sand and clay, which locally may be.of marine origin, and some
gravel and few boulders. (See-logs for wells 10/35~7G1, and 17Dl
and 11/35-19E1, 2081, and 29R1, table 16.)
- This formation forms _the thrckest single water- beanng deposrt
the area. Geologic seotlon o= (pl. 2) shows that the formatlo
reaches a. thickness of about 2,000 feet near the town of Or cutt, This'
18 believed to be the thrckest section .in the aneg.of dBlseiwheverith

' GNCONSOLIDATED WATER-BEARING DEPOSI’I‘S OF QUATERNARY AGE
' OROUTT FORMATION (PLEISTOCENE)

Amal extent.—The Orcutt formation extends &1ong the south side
of the Sants Maria and Sisquoc valleys, and is believed to be present
along the north side of the Santa Maria River (pl. 1).- It does not
xtend. beneath the alluviim in the Sisquoc valley nor beneath the
reeter part of the Santa Maria Valley (pl. 2). " However, beneath
most of the Oso. Flaco district (p. 19) it may be present Where the
ower part of the alluvium is absent (pl. 8).

Stmmgmphy ——The Orcutt formation is an essentislly nonma,rme,
lightly deformed, relatively thin deposit of upper Pleistocene age,
J¢hT ety unconformably primarily upon the Paso Robles forma-
1on—«the degree of unoon:formrty beoommg ‘nore pronounoed on

)

s Dolman S G ., personal communication, 1946
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limbs of folds Loeally 1t 1ests uneonformebly upon the older’ 1oeks
According to WVoodrmg (Woodrmg, Bramlette and Tohrhar, 1943,

p. 1359), the type région is on ‘the ‘horth flank-of the’ Cesmaha Hills

west of Orcutt, where'it Attains a ‘thickness’ of a,bout 50 feet ‘and is

primarily sand. However, the logs of wells-indicate that only a small

section of the Orcutt isirepresented in this 1oeehty, and that along t the’
axis of the-Santa Marle sync]me it lo celly attains B maxm m‘tblckness X

of about 225 feet,. . :

Furthelmore, the logs mdloete that the founatlon is composed of two
conformable members—an upper,.finé- gremed sand member which
corresponds to that portion.of the formation exposed at the type
locality, and a lower coarse- gremed member

Woodlmg s term seems to- epply only to the upper. member Perts
of both members have been observed in exposures and they, are shown,
on plate 3. However, they are not dlstmgulshed on the geologlo

In addltlon the uppermost and paltly deformed “terrace depos1ts” '

mapped by Woodring south of the Slsquoe valley are believed to be
equivalent t¢the Orcutt formation, because of their physmgrephlc and
stratigraphic position &nd structural features
agssigned to the. Orcutt formetlon in this report, (pls. 1.and 2)
as great as 12° have been observed in the formation elong the north

flank of the Solomon Hﬂls which 1 is perhaps unusual for, dep051ts of
upper Pleistocene age.

Lithology and, thickness. ——-Because the entn?e f01met10n eennot be,

observed at any one exposure in the area, the.study of the, hthology 1s
based necessarily on both surface and Well log data. The upper mem-
ber is mostly a-loosely compacted massive medium-grained clean send
stained reddish-brown by a ferruginous ceinent.and interstratified With

lenses of clay. Locally the sand beds thémselves contain clay, Near.

the north edge of the Orcutt upland the '/upper member contains lenses
of gravel (pl. 3). Where exposed: the member usually stends in nearly
vertical cliffs,
feet along the axis of the Santa Maria syncline.

The lower member is. chiefly loosely- oompacted coarse gray to Whlte
gravel and sand. Its contact with the upper member is.sharp, and in

surface exposures the lower member is usuelly mtrloetely rifled end:

fluted. It is quite difficult-to dlstmgulsh from’ the undellymg Paso
Robles formation, partlculerly where the uneonformlty betWeen them
is slight. It,ranges in thickness from a feather edge 0,65 feet., -

. Like the Paso Robles formatlon the Orcutt is tine-gr emed near the
coast, ‘and well logs indicate that the deposits there are predominantly

Because the, two mems -
bers differ lithologically, the Orcutt.in this report hes been des1gneted '
a formation rather than the “Ol cutt. send " as named by Woodring, .

They have been
Dlps

Tt ranges in thickness from a feether edoe to about 225. —
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sand and clay throughout and in pelt' may be-of marine-origin. In the

Sisquoc valley the Orcutt is coarser in grain, and distinction between
. its two members is impossible,
Water-bearing properties.~—The Orcutt formation supphes water to
. wells in appreciable quantities only beneath the Orcutt upland, where
the lower member is one of the principal Weter—produeing deposits.
Tt supplies water of perhaps the best quality in the area to the city of
Santa Maria and the town of Orcutt. These municipal wells are in .
secs.’ 3 and 10, T. 9 N, R. 3¢ W. However, In thé years 1938-42
water levels in these wells.fell below the top of the lower member;
since then they have récovered (well 9/32-3N3, fig. 5). Toward and
" beyond the eastern end of the upland the member rises above the
~ water table and is therefore useless as a source of supply. To the
west it becomes less productive, until at the coast it is composed mostly
,of. cley, sﬂt and fine sand, and is there considered a poor water-yielding
"depos1t
‘No tests of permeability have been made on elthol member of the
.Ol cutt, but where the public-supply wells draw on the lower member,
its permeability is probably considerably greater than that of the
underlying Paso Robles. Also, because of its lithologic characteristics,
the lower member here is probably tonsiderably more productive than
the upper member. RHlsewhere the wide range in lithology obviously
is accompanied by a corresponding range in productivity.

" TERRACE DEFPOSITS (PLEISTOCENE)

 Areal extent—Terrace deposits compose and underlie the 40-foot
end 100-foot terrace surfaces previously described (p. 20) They are
remnants of more extensive deposits but even now underlie the greater
part of the Orcutt upland, the Nipomo upland and numerous smaller
areas along the Sisquoc and Santa Maria Rivers(pl. 1).

Stmtegmphy and thickness.—The terrace deposits are the- a,lluvml
meterle_ls that were laid down by streams during the formation of the
40-foot and 100-foot ‘terraces. They rest unconformably on the
Orcutt formation, and locally on all older formations, and are in turn
overlain 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 edge to a maximum of at least 45 feet. (See
log for well 9/32-7A1, table 16.) Beneath the extensive surface of
‘ the 40-foot terrace on the Orcutt,upland the deposits are a thin veneer
roughly 5 to 10 feet thick; but they are considerably thicker immedi-
etely south’ of Fugler Point where they fill an old channel.

" Lathology —The terrace deposits are composed essentially of uncon-
solidated houlders, gravel, sand, silt, and clay intermixed to valymg'
deglees and, occurring in. poorly deﬁned lenses The coalse—gramed
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* the Santa Maria and Cuyama Rivers near Fugler Point Wherg the de.~
. posit rests on consolidated rocks or the Careaga sand;'but it is not
-easily recognized over the greater part of the area where it rests on tbe
- Paso Robles formation. However, by .comparing logs Where'the base
is doubtful with logs of nearby wells in which it can be rec__ogngc'l, and
,by projecting the slope of comsolidated rook‘surfgces overlain by
alluvium, the base cdn be fairly accurately determined everywh_er»e:
. As thus determined the alluvium ranges in thickness laterally f‘rom a
feather edge at the north and south margiis of the alluvial pla?_ns to
maximum thicknesses beneath the. central parts. Th@se roaximum
thicknesses range from 50 feet at the uppér end of ?;he Sisquoc plain to-
115 feet at Fugler Point (an average increase in thickness of. 8 feet per
mile in this reach); and to 230 feet atthe coast (an average increase in
thickness of 6 feet per-mile for the reach below Fugler Point). Thl}s,
the deposit thickens almost uniformly westward beneath ‘the alluvial
ms. (See pl. 3., - ‘

PI'EX: the( coasﬁ)s the) two members are each about 115 feet thick, 'and
each thins eastward. However, the lower member thins more rapidly ‘
and near Fugler Point is about 40 feet thick, whereas the upper mem-
ber there is about 75 feet thick. o
- Lithology—The. detailed lithologic character of the alluvium .is
shown by the logs of representative wells in table 16, and the two
members are distinguished whenever possible. The logs show that
the lower member of the alluvium is composed primarily of boulders,
gravel, and sand, with minor lenses of clay interﬁngered near the
coast. The basal part of the lower member is particularly coarse,
gnd is usually denoted by well drillers simply as boulders, or grave},
or both.. In general the grain size decreases slightly as the deposit
thickens toward the coast. ‘ ‘ :
The lithology of the upper member, like that of the lou'rer membqr:,
is kmown primarily from logs of wells. DBeneath the Sisquoc plain
the upper member is practically indistinguishable from the lowe}‘
member—Dboth being composed of boulders and gravel and some sand.
Beneath the eastern and central parts of the Santa Maria plain, the
coarse gravel and boulders of the lower member are overlain by sand
and gravel or-sand in the upper member, and the contact bgtwgeg
the two is distinguishable. From the city.of Santa Mana»to a point
about halfway to. Guadalupe, the sand and gravel of the upper mem- -
ber. grade rapidly - to sand and silt with progressiv'ely' fewer lbéds of
gravel. From this point westward to the coast it is composed of
alternating beds predominately of clay and silt with some sand and‘g,
few gravel layers. Thus, the upper member decreases rapidly n
aevisize drom east to west. o :

portions are buff-colored. In generdl, the deposits are similar to the
coarse-grained parts of the alluvium. o -
Water-bearing properties—Near the rivers, and where they overlig
unconsolidated deposits, the terrase deposits are mostly above. the:
zone of saturation and hence supply little water to wells. However,
near and southeast of Nipomo, the deposits rest on consdolidated rock
and there contain water in the lower part In quantities sufficient,. to.
meet domestic and stock. requirements, The deposits aTe Ccoarse
gramed and porous, and hence readily absorb rain which they transmi
to any underlying permeable formations. : :
’ ALLUVIOM (RECENT)

The alluvium, which is the most productive water-bearing deposit, i
the area, is unique in that it is alost completely concealed by its ow:
surface. Because of this the extent, stratigraphy, thickness, lithology

..and water-bearing properties of the alluvium all were determine
entirely from well logs and pump tests. Over 350 water-well logs andl
numerous oil-test holes that pierce the alluvium were studied in detail
This study was considerably aided by & peg model, which presented. a

~ three-dimensional picture of all available well logs. I

Stratigraphy —The alluvium, as the name implies, is a body ofi”
alluvial deposits laid down by streams graded initially to a position of’
sealevel about 230 feet below presentlevel. Tt is believed to have been
deposited as sea level rose during the retreat of the Wisconsin ice sheet,
and is therefore considered to be Recent in age. The alluvium com-
prises two members—an upper fine-grained member, and a lower

- coarse-grained member. It is unconformable on all older deposits,.
but throughout the area rests chiefly on the Paso Robles formation
(pl. 2).° Tt is itself locally overlain by river-channel and dune san
deposits. ‘ .- o

The stratigraphic units and position, physiographic expression,:
lithologic character, and thickness of the alluvium in the Santa Maria.
Valley area correspond to those of the alluvium found in other coastal;
valleys of southern California (Fairbapks, 1904, p. 13; Poland and.
Piper, in preparation; Upson, in preparation; Upson and Thomasson
in preparation.) LT :

Areal extent—The upper member -of the alluvium underlies’ and:
forms the surfaces of the Santa Maria and Sisquoc plains, and th
alluvial plains of tributary streams (pl. 1). Tt also extends beneat
the channel deposits of all the major rivers and streams. The Jowe
member has essentially the same extent as the upper member, with on
major exception. It is missing beneath that portion of the Oso Flac
district lying roughly north of latitude 35°00".- (See pls. 1 and 2.) S

Thickness—In logs of wells the base of the @lbuvium.is remdilira
recognized beneath the Sisquoc Rivernear La Brea Creek, and beneath
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<" Near the coast the contact between the upper and lower members
is sharp and is easily identified in well logs. The individual clay beds,
which are compact and usually reported as blue, are relatively exten-
sive, especially those commonly encountered near the surface.
ever, from the data at hand it cannot be definitely concluded that
individual clay beds extend as one continuous unit entirely across
the west end of. the Valley It is thought that some of these olay
beds are of marine origin and were deposited at times when the rise
of sea level was faster than the accumulation of fluvial debris. Other

clay beds, reported as yellow in drillers’ logs, are possibly of fluvial -
origin, their color presumably resulting from surface exposure and’

‘oxidation of contained iron compounds. From one place to another

the clay beds range in thickness from 1 foot to about 100 feet— -

almost the full thickness of the member.

Water-bearing properties—Thelower member of the alluvium, which =
For
example, wells 10/33-21R1 and 10/33-36A1, which derive water -
solely from the alluvium, each have a yield of about 1,000 gallons &

at present is completely saturated, yields water readily to wells,

- minute and a drawdown of about 45 feet; or a specific capacity of
about 22 gallons a minute per foot of drawdow.

The upper member, on the other hand, has a wide range in ability’ v

to transmit and to yield water. In the eastern part of the area, where

the deposits are similar 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 trans-
" mitting -water to wells only in small or negligible quantities.
intervening area the yield is gradational. = The fine-grained and irreg-
ular beds which compose the upper member at the west end of the
ares form a seal of varying tightness due to ovellapplng 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 & pumped well (Wenzel, 1943, pp. 125-129) were made on wells,

9/32-24K1 and 10/33-21R1.(pl. 1). In both wells the alluvium rests
on consolidated rocks. Results obtained from these tests showed

-permeability coefficients of 4,500 gallons a day per square foot for well,

24K1 in the upper Sisquoc valley, aiid 3,500 gallons a day per square

foot for well 21R1 in the upper Santa Maria valley. This indicates:
‘that the permeability of the alluvium is high and that it decreases in a
downstream direction as the material becomes somewhat finer-grained.
. Similar tests were run near the coast on wells 10/35-5J1, 8Q1, 17D1;,
11/35-29D1, and 32R1; which are perforated in the lower member of

the alluvium and in the upper part of the underlyingiless pernienisle
Paso Robles formation.

How-

In the

The average of the five tests, which -in"
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themselves were not entirely satisfactory owing to irregularities 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
“perineability of the lower member of the alluvium alone is somewhat
‘greater than 1,500. It has been indicated that the permeability of the.

alluvium at well 10/33-21R1 was 3,500 gallons a day per square foot,
~ and that the permeability probably continues to decrease westward
" as the deposits become finer-grained. Hence, the permeability of the
alluvium near the coast is probably considerably less than 3,500 gallons
“a.day per'square foot, but somewhat greater than 1,500. A coefficient
of about 2,000 gallons a day per square foot is oons1dered to be of the
correct or del of magmtude

RIVER CHANNEL DEPOSITS (REOENT)

" Areal eztent._—fThe river-channél deposits extend some 30 miles
down the full length of the Sisquoc and Santa Maria plains, Along
the Sisquoc plain and the upstream half of the Santa Maria plain
they fringe the north edge of the plains, but downstream they cut
diagonally across the plain to the southwest cormer. In the lower
- course of Cuyama River the channel dep051ts occupy most of the
surface area of the canyon floor (pl. 2).

Stratigraphy and thickness—The river-channel déposits consist of
the gravel, sand, and silt contained within the banks of the major
rivers; these deposits extend downward to and rest unconformably
upon the upper member of the alluvium, Because few wells are drilled
in the channel deposits and because of the sumlarlty between these
dep051ts and the underlying alluvium, the maximum thickness is not
definitely known but is not believed to exceed 25 feet.

. Lathology.—The lithology of the channel deposits is known only
from surface examination. In general these deposits are extremely -
coarse-grained in the Cuyama and Sisquoc River channels and rela-
tively fine-grained in the lower reaches of the Santa Maria River.
channel. The deposits of the Sisquoc River channel are composed of
boulders, gravel, and coarse sand intermixed in bars or lenses of vary-
g coarseness. The boulders attain a maximum size of over 1 foot iu
diameter, but more commonly are smaller. The coarser constituents
are composed primarily of hard sandstone and of metavolcamo rooks
derived from the headwater area.. ,
The deposits of the Cuyama River contain oonslderable silt which
derived from massive silt beds that crop out in the Cuyama Valley
(pl. 4), intermixed with the coarser material. During high water and
during the following recession the silt gives the water-an erange color
and, 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 &

combination of the materials carried by the Cuyama and Sisquae &

Rivers. At Fugler Point, the deposits consist of coarse sand - and
silt ‘with numerous pebbles. .Westward the material becomes pro-
gressively finer, and near. Guadalupe medium to fine sand &L'Ild some
silt with occasional pebbles form the main body of the deposits.

Water-bearing properties—The water-bearing properties of the chan- -

nel deposits are of particular importance becal'lse they transmit the
large seepage losses that occur throughout the Sisquoc qnd t_he greater
part of the Santa Maria. channels whenever there is any.runoff.
Except along the Cuyama River, and possibly for some distance along

the Sisquoc River below La Brea Creek, the major part-of the channel -

deposits lie above the water table, and hence, transmit the seepage

Jlosses vertically downward. :

PaBLE 2. Results of permeability tests on samples o Tiyer-channel deposits in the
Santa Maria, Cuyama, and Sisquoc Rivers

Santa Maria River channel

Location (river miles from mouth) General character- . per day

1.8 o ...._ll..l Medium to coarse sand with some silt.j - 154
) 5.6—Zéga—t—€_ﬁi‘ghway ) ) I Medium to coarse sand with some 256
- ‘ B gravel, _ ‘ ;
I Q) ot A0 e P
?393(](38]315& Iiloigh)way 100)eecnan Medium to coarse sand with- some

15.5 (Suey Creek bridge) .---o|--e-- 0-_ oo .. 396
18,0 e A0 e _
19,8 e e == ?10"'”""'*-"'“"“'-"""“—'.“—“

292.2 (Fugler Point) —.coomnoma- Medium to coarse sand and coarse |

gravel.

Cuyema River channel
-

10 e e Cobbles, coarse gravel, sand, and silt__y_ 97

'Sisquoc River channel

¢ bridge) .- --- R Cobbles, coarse gravel, and sand_.... -2
2:2 E%géiﬁéqufalt %h)eek) e Cdbbles; coarse gravel, and sand with
) . some boulders. : - .
7.8 (La Brea Creek) .oooocn- Boulders, cobbles, coarse gravel, and
‘ sand. : )

. square |
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The Water;beari_ng properties of the unconsolidated and relatively
coarse-grained channe] deposits are perhaps best indicated by labora-
tory tests of permeability that were run on samples collected along

" the courses of the Santa Maria, Sisquoc, and Cuyama Rivers: The
' permmeability coefficients were obtained by use of a variable-head

appratus designed by S. F. Turner, United States Geological Survey,
and similar to that described by Wenzel (1942, pp. 59-65). Two
samples were taken om opposite sides of the active channel at 12
locations and theaverage permeability for each location is shown in
table 2. : ’ _ S
The table shows that the permeability of the deposits increases
upstream and reaches a maximum value of 1,060 gallons a day per

. square foot in the upper part of the Sisquoc valley.

DUNE SAND (RECENT)

Areal eatent—The dune sand covers about 25 squaré miles of the

- Orcutt upland, about 15.square miles of the Nipomo upland, and. about

10 square miles of theSanta Maria plain along the coast (pl. 1).

- Stratigraphy, lithology, and thickness—The dune sand -deposits aré

Recent in age, and are found to be of two types: actively drifting
dunes which are encroaching over the older deposits near the coast;

and the old or inactive dunes which are anchored by vegetation and

which in part have a well-developed soil mantle. They have not been

differentiated on the geologic map:. Both rest unconformably on

older deposits.  The dune sand is composed primarily of coarse to

fine, well-rounded massive characteristically cross-bedded quartz sand, -
loosely to slightly compacted. The dunes range in thickness from a

feather edge to more than 100 feet. , g

Water-bearing properties—The dune sand lies above the surface of
the main water body but contains several small perched or semi:

perched water bodies, which locally supply water to a few domestic

wells in the Orcutt upland.” Thus, the sands are known to transmit

nd to yield water. However, because no tests were made, the

permeability. of the sand is unknown. '

.~ GEOLOGIC STRUCTURE ’
GENERATL REGIONAL STRUCTURE

‘The regional structure surrounding and including the Santa Maria
Valley area is extremely complex for it lies within the structural
influence of both the California Coast Ranges and the so-called trans-
ersé- ranges of. southern California. Physiographically and struc-
turally the San Rafael Mountains lie at the southern edge of ‘the
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California. Coast Ranges; whereas the Santa Ynez Mountains to the

.south form the western part of the westward-trending transverse
ranges (fig. 1). The region included between the two ranges is a
structural depression, and the older rocks, which are exposed in the
bordering ranges, here are concealed at considerable depth beneath
Tertiary and Quaternary rocks. The tertiary rocks form a series of
broad folds whose axes have a general westward trend.: Of these the
northernmost downfold forms 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 greund-
water basin are discussed below. .

MATOR SYNCLINE

The major syncline that underlies the valley area is an asymmetric
" structural trough whose axis trends southeastward along the south
side of the Santa Maria Valley, in the vicinity of Orcutt veers sharply
northeastward toward Fugler Point, and finally ttrns southeagtward

near Garey into the Sisquoc valley. Its exact course and shape’
between Orcutt and Garey is not definitely known, and therefore, it.
is not shown on the geologic map (pl. 2).. The offsets or bends in "
the axis are 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 dipping beneath.-

the Santa Maria Valley and gently dipping beneath the Sisquoc valley,
forms the north limb of the major anticlinal structure beneath the
Casmalia and Solomon Hills, Minor en échelon folds having a north-
west trend are plomlnent features of the south limb. In the Sisquoc
valley the north limb rises steeply to form the south flank of the San

Rafael. Mountains, but in the Santa Maria, Valley 1t rises gently and-i

is cut out by the alluvium.
FAULTS

In the bordermg hills which are underlain by consohdated 1ock th
faults were observed only casually and for the most part their locatitns
are taken from work of other geologists ,(Woodring, Bramlette
Lohman and Bryson, 1944) In general these faults have a westward
trend in the Solomon and Casmalia Hills and have a northwestward
trend in the San Rafael Mountains. As'such they bear little relation
to the ground-water basin. - However, several faults cut the watér-
bearing deposits of upper Fliocene and lower "Pleistocene (7)" age;
namely, the Careaga sand and the Paso Robles founatlon The faults

7 Also Gzeenwalt W, personal oonmmmcatmn
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are in & position to affect the movement of ground water in those

formations. They are concealed by the younger deposits and their

existence has beéen determined primarily by studies of oil-well logs.
The faults are three in number and trend slightly west of north, It

s thought. that moverent along all three is predominantly vertical.

The fault extending southeastward from Santa Maria was encountered
in oil wells drilled in the Santa Maria oil field; it has been plotted at
the location shown by Canfield (1939, p. 48, fig. 2). It is = high-angle
thrust fault and in this report is referred to as the Santa Maria fault.
Uplift has taken place on the east side, and the fault cuts dll forma-
tions up through the Paso Robles. The maximum amount of displace-

" ment in the Careaga sand and Paso Robles formation is about 150 -
{eet, but displacement in the older rocks increases with depth. (See -

pl. 2 and geologic section C~C’, pl. 3).

East of the Santa Maria fault and roughly beneath Bradley Canyon
is the second of the three faults, which is herein named the Bradley
Canyon 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 Canyon is prestumed to extend beneath the plain

into a small fault of the same general trend observed on the north side

of the Santa Maria River. Like the Santa Maria fault, it cuts the
Careaga sand and Paso Robles formation, but, unlike the Santa Maria
fault; the west side is believed to be uphfted and the amount of dis-
placement is somewhat less. The straight-line appearance, the direc-
tion, and the location of Bradley Canyon p0531b1y reflect topographi-

. 'c&]ly 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 is uncertain,

it is not shown on the geologic map nor on the cross sections. The

- existence of the fault was first 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 (pl. 5). However,
later studies show that the break could be caused equally well by other ,
conditions (p. 75) Additional inconclusive evidence was the presence

- of small tar seeps in the:Careaga sand at Fugler Point, suggesting a
~ fracture zone along which the tar might be rising. The most likely

evidence is a fault in the consolidated rocks on the north side.of the
river and trending generally toward the areain question. Considerably
more: evidence will be needed, howeve_l before the presence and loca~
tion of the fault can be established and its relation to the movement of
eround water can be ascertained. '

930370—51——4
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RELATION OF STRUCTURE TO THE GROUND-WATER BASIN

The major synclinal frough is the structure which has determined -

the shape of the ground-water basin, Whéreeps the faults have altered
its shape but slightly, The shape of the contact between the un-
consolidated water-bearing deposits and underlying consolidated rocks

is an inherent part of the trough and, as such, limits the lateral and -

downward extent of the ground-water basin. Specifically, this contact

as exposed on the northern and southern flanks of the Santa Maria
and Sisquoc valleys marks the northern and southern limits or sides:

of the basin, and where the contact swings. 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
As a'result the unconsolidated -

hence the contact, passes out to sea.
deposits and the contained water body extend out beneath and lie in
contact with thie Pacific Ocean. Thus there is no known structural or
depositional barrier between the fresh.water of the main water body
-and the salt water of the Pacific Ocean.

GEOLOGIC HISTOBY

EARLY HISTORY

The early geologic history of the Santa.Maria Valley area bears only

an indirect relation to the present ground-water basin and the éxisting

hydrologic problems, and it is therefore summarized very briefly,
‘More complete accounts from which the summary has been drawn are -

presented principally by Woodring (Woodrlng, Bramlette; and Lohman;

1943, pp.-1338-1343) and Canfield (1939, pp. 79-81), and in the olassm .

report by Arnold and Anderson (1307, pp. 66-71).

The erosional surface developed on the Jirassic rocks was submerged.
and covered by the sea with only minor fluctuations from laté lower
Miocene until upper Pliocene time. Depgsition in this sea began-with

the accummulation of fine-grained materials-composing the Monterey"
shale, which was followed in turn by the Slsquoo and Foxen formations -

and ended with the deposition of the Careaga sand. This period: of

marine deposition was accompanied by continued uplift and foldmg'

along and near the present San Rafael Mountains.
With deposition of the Careaga sand in upper Pliocene times, the

basin was filled to sealevel except along the axes of the syrclinal -
» It was upon this suface that”
the continental Paso Robles formsation was deposited. The loweér and' -

troughs, which were- still submerged.

western parts of this formation, however, are locally of lagoonal of
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B Tbla,cklsh—water origin because they were laid down in the stll1~sub—
" “merged synclinal troughs. The deposition of the Paso Robles con-

tinued into the lower Pleistocene (7). The northern limit of Paso

Robles deposition was.probably the ancestral San Rafael Mountains, .

from which a considerable quantity of coarse material was derived;
~ while on the south material of fine texture was probably derived from
upland areas far to the southeast of the present Santa Maria Valley
:area. Minor warping accompanied the deposition of both the Careaga
sand and the Paso Robles formation, thus accounting for the.presence
‘of the thickest sections in the- troughs of synchnes and the thinnest
sections along the axes of anticlines.

HISTORY.OF TEE GBOU'ND-WVATER BASIN

. Structural evolution.—Following the deposition of the Paso Robles
* formation, intense folding took place probably during middle Pleisto-
. cene time [Poland and Piper, in preparation) along established struc-
tural lines, and the existing limits of the ground-water basin were
established: The Careaga sand and ‘Paso Robles formation were
arched over the Casmalia and Solomon Hills, were depressed into the
large synclinal trough, and were cut by faults. It is believed that
"during the same period the Franciscan and EKnoxville(?) rocks aloncr
the north side of the area were further uphfted Thus, in middle
Pleistocene time the lateral and downward limits or shape of the basin
were defined broadly as they now exist.

" Relatively stable conditions followed the intense folding of the middle
Pleistocene and persisted into the upper Pleistocene (Woodring,
Bramlette and Lohrhan, 1943, p. 1342). During this relatively long
interval of time, stream erosion developed a gently seaward-sloping
- surface roughly between the San Rafael and Santa Ynez 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- gramed lower member
was deposited. . Less active conditions prevailed during the deposition
.of the ﬁne—gmmed upper member.: Local coastal submergence is
“believed,to account for the presence of the interfingered marine beds
_in the western extent of the Orcutt formation.

: Foldmg and local minor faulting tool place along the. developed
-gtructural lines following the dep031t10n of the Orcutt formation, but
prior to-that of thelate Pleistocene terrace deposits. Thus, the post-
Orcutt deformafion marked the final phase in-the structural evolution
of the ground-water basin.
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 Brosional and depositronal evolution.—The subsequent development -

of the basin took place almost entirely through erosion and deposition.
by streams in late Pleistocene and Recent time. It is believed that the
ancestral rivers and streams were located approximately at their
present positions and were developed on the surface of the deformed.
Orcutt formation. Thus, the Santa Maria and lower Sisquoc Rivers
are essentlally consequent and are situated in the structural trough:

formed between the Solomon and Casmalia Hills on the south and the |

San Rafael Mountains on the north, The courses of the lower Cuyama.

and upper Sisquoc Rivers, however, are antecedent, and tlansectect‘-'

the axis of the San Rafael Mountains at an earlier time.

The ancestral streams are 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, was probably formed during

a period of relative stability as the ancestral rivers were cutting down

through the surface of the deformed Orcutt formation.

In general the history of the 40-foot terrace is fairly well preserved
Following

in the outcrops adjacent to the present channel courses.
the formation of the 100-foot terrace the ancestral rivers cut down at’

. least 100 feet, and poss1bly ds much as 135 feet, below that. SU.lface‘
(See log for- well "
table 16.) Their entrenched valleys- occupied the full

probably in response to & lowering of sea level.
9/32-7A1, t
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’
A subsequent rise in sea level of at least 40 feet, and possibly -
as much as 75 feet, caused the ancestral rivers to backfill their exca~

coast.’

vated courses to a helght of about 40 feet above the present alluwal
plains.
A period of felative quiescence followed the dep031t10n durmg W]:uc,h
the rivers cut laterally into the adjacent deposits. During this time
the existing rela,tively extensive cut terrace was formed om the Orcut
upland, and the river cut northward into the consolidated roclks 0
the north side of Fugler Point. In geologlc time this period” may
- correspond to -the 1nterg1a01a,1 perlod prlol to the advance - of th
Wisconsin glamal sheet. v
Sea level again began to decline, p0551b1y c0m01dent with- the ad
vance of the Wisconsin glacial sheet, and the rivers again began to
down cut. ‘This down cutting took place pr1no1pa11y along the s;Lm__
course taken by the rivers during the previous down cutting, with on
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‘notable exception. The-Santa Maria River, instead of reexcavating
its channel south of Fugler Point, became established north of Fugler
Point, about on its. present course.

Down cutting continued until the Tivers were graded. to a “sea level
possibly ‘as much as 300 feet below the present sea level and several
tmiles west of the present shore line. During this process, terrace
deposits were almost completely removed, and only small remnants
- now remain along the sides of plains and river channels (pl. 1). At
the present coast the down cutting amounted to about 230 feet below
‘cwrrent river grade, and at the eastern end of the Sisquoc valley the
~down cutting amounted to about 50 feet. (See geologic sections F-F),

F-@, and G-H, pl. 3.) The trench thus excavated was a relatively
© #at featureless plain of -about the same extent as the present alluvial
plains, had a steeper surface gradient than the present plain (p. 37),
and had one reldtively large bench or-terrace in the Oso Flaco district
above the excavated floor, at a height about midway 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
11/35-20KE1 and 11/35-27H1, table 16, and pl. 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 preparation)
has been able to show that the formation of similar terraces occurred
during the down cutting in the vicinity of Long Beach, California.
- 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 was the last or
Wisconsin glacial sheet, then the initial deposit formed in the bottom
of the trough marks the beginning of thie Recent epoch. It has been
estimated by Schuchert and Dunbar (1933, p. 479) that the retreat
of this ice sheet, and hence the initial deposition, may have begun
approximately 27,000 years ago.

The deposit formed during the initial stages was. the lower member
kof the alluvium. Tts coarseness can be attributed to vigorous erosional
tivity in the headwater areas caused by exceedingly wet climatic
conditions, a large volume of river. discharge, which transported
considerable quantities of coarse material into and through the area, .
and an average land-surface gradient of about 24 feet per mile, com-
ared to the present average of about 18 feet per mile, or about 30
;percent steeper than the present gr&dlent Deposition of the coarse -
aterml comprising. the lower member continued until it attained a
Inammum thlckness of about 115 fest at the plesent coast line (pl. 3)
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. Following the deposition of the lower member, drier climstic condi~
tions apparently prevailed and caused an abrupt decrease m erosional
activity in the headwater areas and the deposition of the fine-grained
sediments of the upper member within the plains.

The abrupt change n depositional activity is indicated by the-
sharp contact between the two members of the alluvium near théf'
coast, as shown on cross sections E~F and [-I’ (pl. 3). Deposition: .

of the upper member by the ancestral Santa-Maria River at times:

took place more slowly than the rise of sea level. Consequently,.
brackish water or lagoonal clays  and beach sands are interfingered:.

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 e
more rapid rate by the Santa Maria River than by the creek entering’
the plain through the lake from the southeast. Consequently, a. -

closed basin was. formed in the lower course of the creek.

The Sisquoc and Santa Maria plains now. form the surfaee of the -

_upper member of the alluvium, and the present chintel .deposits of
the Sisquoc and Santa Maria Rivers have been deposited on that

surface. The Sisquoc River and the upper part of the Santa Mari_a[
River have maintained courses along the north side of the alluvial™

plains throughout historic time. The present relatively stable position

of the channels is caused largely by man-made-control in the form of -

jetties, which are 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 brought along the

shore of the Santa Maria Valley by waves .and longshore curl*(lantsl=
fromn the headlands projecting into the Pacific Ocean northwest of.
San 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 actioi i

of the Santa Maria River.

SURFACE-WATER RESOURCES
By H. G. THOMASSON, JR,

The over-all drainage system‘ of the ‘Santa Maria River bdsin en
‘comnpasses about 1,800 square miles. This system embraces th
drainage basins of two major rivers—the Cuyama and Sisquoc s
their tributaries, an area of about 1,600 square miles—all above the
confluence at Fugler Point; also, the drainage basin of the Santa Mari
River proper, about 200 square miles, downstream from Fugler Poin
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This drainage system is here divided into & mountainous headwater
‘area underlain at shallow depth by older consoliddted rocks, and a.
downstream: segment or valley. area underlain to substantial ‘depth
by unconsolidated and largely permeable deposits. The headwater
area includes all of the 1,600 square miles of the drainage basins
upstream from Fugler Point, 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 this treatment of surface-water resources, all stream flow is

_considered. as originating in the headwater aréa and, because surface

runoff from the valley aréa is relatively small, its contribution is
Included in the evaluation of rainfall infiltration (p. 80). The geo-
graphie distribution and extent of the several drainage basins are
shown on plate 4. ' o

" The Cuyama and Sisquoc Rivers deliver large quéntities of runoff’

to the valley area. In times of flood, much of this runoff is wasted
to the ocean; during periods of low or moderate flow, all or most of

“the water entering the area is absorbed by the river-channel deposits
-and is contributed as recharge to the ground-water supply. Thus,
* deternmination of the total Tunoff from the headwater area, and of the
- seepage losses occurring within the valley area, is hecessary in order
' to evaluate the natural recharge to ground water in the valley area.
: Accordingly, in the ensuing pages, data on surface-water resources
-aré presented to show the egtimatéd total amount and distribution
“of runoff in the Cuyama and Sisquoc Rivers and their tributaries at
about the edge of the Santa Maria Valley area, the estimated amount.

{ natural seepage loss that takes place from these rivers and from:
he Santa Maria River within the valley area of ground-water re-
charge, and the estimated amount of surface-water outflow to the sea.

GENERAL CHARACTERISTICS OF RUNOFF

Because the 1,600 square miles of the headwater area includes
errain ranging from the relatively wet Sisquoc and Huasna River
drainage basins to the semiarid Cuyama Valley, and further, because:
ainfall occurs largely in a few storms- during & rainy season that.
xtends from about November to April, runoff varies: considerably
among the several stream drainage basins and fluctuates greatly from:
rear to year. Duyring the 16 years.1980-45, for which gaging-station:
ecords are available for the Cuyama and Huasna Rivers, the greatest
early runoff in the Cuyama River was 21 times the least yearly
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Tunoff, the extremes occurring in 1940-41 and 1933-34, respectively;
whereas in the Huasna River this ratio was 259, extremes o6ccurring
in 1940~41 and 1930-31, respectively. . Maximum monthly measured
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 of low rainfall each of the streams has been observed to be dry.

for periods of several months. These figures are rather remarkable
considering that the drainage afea above the Cuyama River gagiilg
station 1s 912 square miles, whereas the area above the Huasna station.
1s only 119 square miles,

G—AGING S'I‘A'I‘ION RECORDS AND SUMMARY OF MEASURED
STREADM FLOW )

The folléwing table indentiﬁes the gaging statbhs_at which con;'

tinuous records of stream flow have been obtained, the periods of

those records, and water-supply papers in which they have been
published. As shown on plate 4, the gages record the runoff from
. practically all the drainage area t11butary to the Santa Maria Valley

‘area upstream from Tugler Point. Within the valley area the station

at Guadalupe measures essentially all surface-water outflow from the
valley.

Available records of str’_ea'rﬂ flow in the Santa Maria River drainage system -

Station . Ternor of record

‘Santa Maria River near: Santa Maria; November 1903 to Decembef 1905.
Calif
Cuyama -River near ‘Santa Maria, Calif__ December 1929 to September 1945,
Santa Maria River at Guadalupe, Calif__| Jahuary 1941 to September 1345,
Alamo Creek near.Santa Maria, Calif__._{ October 1943 to September 1945,
Huasna River near Santa Maria, Calif__| December 1929 to September 1945,

Sisquoc River near Sisquoc, Calif ____. October 1943 to September 1945,
Sisquoc River near Garey, Calif________ February 1941 to September 1945.
La Brea Creek near Squuoc Calif_____. October 1943 to September 1945.
Tepusquet Creek near Sisquoc, Cahf-___ , Do.

1 Records collected on- Cuyama River at mouth of Buckhorn-Canyon, 6.5 mﬂes upstream from preseut
gaging station, Cuyams River near Sants Maria,

Nore,—Records here listed have been published by the Geological Survey as follows:

Water- . l Water- - ;

- Year ending Year ending o
Supply Supply Supply*
Paper Sept. 30 Sept. 30 e

Year ending
Sept. 30

December 1929 to September 1933, -

447
447
447
706
721
736
751
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The gagmg statlon on the upper Ouyama River" near Ozena (Pl 4),
wes installed in October 1944, Insuﬂi01ent records are zwallable it
that site to be of use in this report. - B

Only two gaging stations have been operated contmuously smcé

© 1930—namely, ‘the station on the Cuyama River near Santa’ Mana,

215 miles above Alamo Creek-and the station on the Huasna River

_near Santa Maria, half a mile above the mouth, {See precedmg

table.) A gaging-station was operated on the Sisquec River near
Sisquoc, about 2% miles above La Brea Creek, from Detember.1929 t0

September 1933; and at the same site since Qctober 1943: The stas

tion-on -the Slsquoc River near. Garey;, about half a mile below theé
mouth of Tepusquet Creek and within the valley area, has been op- -
erated since February 1941, The stations near the mouths of Alamo,
La Brea, and Tepusquet’Creeks have been operated since October

1943. The station on the Santa Maria River at Gu&&alupe which

measures .surface water leavmg the va]_ley, has been oper&ted smce‘

January 1941,

In the study of seepage losses from streams, numerous miscellaneous
measurements and estimates of flow have bean made at places along”
the Cuyama, Sisquoc, and Santa-Maria Rlvers and their tr1butarles
The records 0f measured discharge at all gaging stations are sum-

_marlzed n table 3 in terms of monthly aid yearly runoff



TaBLE 3.—BM easured

{Data from Water-Supply Papers of the Geological Sur%rey]

runoff, 1n acre-feet, at erght gag{ng stations in the Sania Maria Rz:i_}e'r cirainage:sysiem in the waler years 180445

Water year Octaber | ¥ %Veim' D %c:rm— January | February] March April May Tune July | August Segié:;m- Total
Santa Maria River near Santa Maria t (dr'ainage area 912 square miies)
48 172 363 702 1,734 238 68 32 SO W I 3, 350
637 1,064 1,384 20, 050 35, 290 863 953 352 307 166 96 67, 900
512 AT TR I PN U SO NN R SRS SN N 1, 560
Cuyama River near Santa Maria (drainage area 912 square miles)

10 20 127 855 438 1,180 199 215 9 6 0 0 3, 030
0 112 341 953 1,290 497 411 236 74 7 0 0 3, 920
0 311 4,730 2, 560 15, 300 2, 220 851 437 241 50 25 12 26, 800
26 89 582 3,810 1, 280 928 643 461 326 43 18 12 7,720
14 14 370 01,340 - 663 455 147v © 18 3 g 0 0 3, 020
5 510 792 2, 160 816 1, 470 2, 700 473 139 42 50 27 9, 180
25 37 469 676 5,310 1, 050 1,090 291 | 165 35 11 2 9, 160
206 196 1,060 2, 660 21,750 12,140 4,130 1,130 396 132 43 19 43,770
29 98 738 837 14, 440 33, 320 3, 430 1, 650 748 414 181 . 178 56, 060
283 437 1, 670 3, 590 1, 500 1, 460 711 461 157 69 1 “42 854 9, 230

284 230 438 1,610 1,600 719 804 221 " g1 34 19 9. 1
8 10 2, 530 2,030 | 11,3301 26,210 | 16,740 3,190 934 390 217 100 63, 740
224 394 1, 520 1,650 1 © 1,080 1, 420 1,780 791 237 97 50 33 9. 330
34 I14 494 9, 140 2,730 10, 840 2,510 990 - 534 237 77 38 27,740
66 324 8381 910 6, 790 7,020 1, 460 837 443 126 44 33 18, 930
34 857 799 809 3,030 2,130 1, 130 562 322 74 31 73 9,.860

Santa Maria River at Guadalupe (drainage area 1.,763 square miles) B

2 20 29 650 28,000 | 84,830 | 67,990 1,730 0 0 0 0 183, 300
0 0 311 69 1 35 664 §. L5k 0 0 0 0 1, 090
0 0 1] 35, 480 2,310 T -33,770 -342 1] 0 0 0 1] 71,900
0 0 20 13 7,910 B, 610 -6 h 0 a0 0 0 13, 560
0 0 o] 0 302 -1 0 0 0 . a 4, 990

4, 670

15 |

4%

WIITVO ‘AETIVA VINVIL VIAVS ‘MELVA-ANOOED ANV IH0TOED

‘Alamé Cfeek néaf Saunta Macia (drainige afea 87.7 squaté miles)

854

164 149 160 162 © 1,740 300 242 194 160 142 4, do8
127 173 148 - 136 606 516 288 232 189 167 146 130 2, 860
Huasna River neat Sania Maria (drainige aten 119 square miles)
tg 10 88 136 62 121 22 21 0 0 i U a1
0 0 - 28 - 122 a8 39- . 5 ] Q 0 Q 0] 264
0 0 4, 660 3,000 12, 400 861 271 171 80 31 10 16 21, 600
31 60 J 111 3, 250 655 235 154 96 89 25 8 8 4,72
11 54 140, 144 109 103 33 4 0 0 0 0 508
’ 0 95 111 309 167 457 &, 390 315 103 42 41 48 7,070
57 "84 102 125 14,970 1,370 1,300 207 + 83 65 29 29 18, 420
87 76 226 1, 750 23, 630 9, 250 2, 580 611 183 88 59 42 38, 650
51 99 -1, 060 19: 23, 060 20, 950 2,270 971 359 222 105 72 49, 400
82 101 138 179 279 23Q 153 59 24 8 1] ] 1, 250
10 47 .93 970 2, 020 1,670 846 158 60 28 15 16 5,930
36 50 282 1,470 24,150 23,120 16, 020 2,110 540 254 152 112 68, 300
118 128 2,090 1, 960 1,770 1,750 '2,410- .790 303 138 .82 ¢ 79 11, 620
73 132 211 15,200 3,380 {. 23,080 .2,540- 761 304 199 116 83 46, 080
94 131 & 206 251 1, 660 4,250 520 292 173 104 65 b5 7, 800
80 142 135 129 2,170 ] 2,780, 879 301. 130 70 30 34 6 880
Sisquoc Riv'er near Sisquoc (draim‘xge area 230 square miles) =
.......... 0 54 108 +2,120- 455 363. . 2] 0 0 Q 33,100
] 0 0 0 213 4 0 0 0 0 0 0 3217
0 0 7,070 2, 780 26, 900 4, 500 1, 640 836 - 81 0. 0 0 3 43, 800
38 0 0] 3,030 1, 600 1,.300: 495 .18 32 0 .0 0 3 6,680
68 71 123 616 13,110 17,190 . 5, 350 2, 620 931" 300 131 94 440, 500
83 1,170 520 615 9, 800 §, 320 3,870 1,260. 434 133 g5 77.1 124,080

Ses footnotes at end of table.

i
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primarily an area of water absorption characterized by low altitude,
gentle land-surface slopes, and relatively light rainfall.  Runoff
resulting from rainfall on the local drainage area tributary to the:

Santa Maria River proper forms an insignificant part of the total '
flow of that stream and thus- contributes little to ground-water

replenishment.

On the other hand, runoff from the area draimed by the Cuyama\
and Sisquoc Rivers supphes atileast three-quarters of the recharge to
ground water in the valley area. (See tables 5 and 7.} Therefore,
1t 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 rainfall and runoff.
DISTRIBUTION OF RAINFALL ON THE HEADWATHER AREA

Quantities and intensities of rainfall on the headwater ares are for
the most part unknown. Prior to 1946 (p. 58) there was no known
rain gage in the.drainage basin of the Sisquoc River ahpve the mouth
of La Bres Creek, in the La Brea Creek basin, or-in the Alamo Creelc

“basin. Also, in the Huasna River basin rainfall records were not
available to provide adequate information for that ares. In the

Cuyama Valley a long record at Ozena and four short records fur-

nished some 1nf01mat10n regaldm quantities of rainfall in that semi~
arid region.

In this study, therefore rainfall chstnbutlon aniong the several

stream drainage basins is considered only- qualitatively. Suggested

~distribution is based on the relation of orographic features to storm:
paths, type and luxuriance of vegetation, and size and condition of -

stream channels as related to drainage areas of the respective streams.

The general topographic pattern, as it affects precipitation, is as

follows: The westward-trending San Rafael Mountains: form the sotith-
watershed of the Sisquoc River hasin at altitudes ranging from 4,000
t0 6,000 feet. The northwestward extension of the San Rafael Moun-

tains, which is'crossed by the Sisquoc River and extends toward the-
Santa Lucia Mountains near San Luis Obispo, forms the west water—-

shed of the Huasna River basin at altitudes ranging from 1,000 to.

3,000 feet. Making an acute angle with the San Rafael Mountais,
the ‘northwestward-trending Sierra.. Madre separates the Slsquoc' .

River basin from the Cuyama River basin; the altitude of its crest

ranges from 3,000 to 5,000 feet, with a feW peaks higher than 5 OOOI'_j
feet. The Cuyama Valley is a long alluvial valley, whose floor ranges. - ;

from- 1,500 to 3,000 feet above sea level. The Caliente Range north

and northeast of that valley 1s not high enough to have amy appr ecmble :

effect on,precipitation.
Storms &long the coast of Santa Barbara Commtyr J&U..d.,_l.f oces

inland from the southwest, west, or northwest. Moist air’ moving
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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 west-and northwest 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 alr movement, relatively large
- amounts .of precipitation may be produced on the Sisquoc drainage
basin, whereas under the second condition-relatively large amounts of

precipitation may be produced on the dmmage basins of the Huasna.
River and Alamo Creek. - .

Vegetation is ‘heaviest -on the north flank of the San Rafael Mouri~
tains and is moderately heavy in the Huasna River basin and on the .

the north flank of the ‘extreme: 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
Cuyama-Valley and in the hills 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 a,ve,rage yearly mlnfall is
heaviest on the southern and western parts of the drainage ares,

“becoming progressively lighter toward-thé north and east. Speci-

fically, some of the heaviest rainfall probably occurs on the north.
flank of the San Rafael Mountains within the south. half of the upper
Slsquoc River drainage basin. Here, moist air-moving in from the
'south is forced upward over the 4,000- to 6,000-foot crest of the San.

-Rafael Mountamns, with resulting-precipitation. It is true that the
parallel Santa Ynez Mountains to the south, which rise to altitudes
. of 3,000 to 4,000 feet, have already exacted theu‘ toll of precipitation

as dlscussed in the companion report.on the Santa Ynez River valley.
(Upson and Thomasson, 1951) However, the greater altitude

of the San Rafael Mountams may reasonably produce secondary

precipitation.. Rainfall may be fairly uniform from the Sisquoc

‘River northward to the crest of the Sierra Madre, whence it decreases

tapidly down the north flank of that range. Although in places the
Sierra:Madre is almost as high as the San. Rafsel Mountains, it

-apparently has less effect on precipitation.

The Cuyams Valley &nd loweér hills north and east of that valley
are very dry, mdisture avaﬂable for precipitation apparently having
been intercepted by the mountain ranges to the.south. However,
congiderable rain and smow fall on the high mountains surrounding
the, extreme eastern part of the Cuyama Valley. For example,
Mount Pinos, about 2 miles outside of the basin, is 8,826 feet above.
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sea level and snow -collects therein sufficient quantities to provide

some runoff.- In this area, intense thunderstorms of small -extent and
of short duration occasionally produce.small -amounts of flash runoff

in the tributary streams. This runoff, however, usually-is absorbed .

in the Cuyama Valley. The Cuyama River is perennial in ‘most
vears -as far downstream as Ozena, but all except large flash -flood
flows sink before traversing the Cuyama Valley completely.

The northwest: part of the- Cuyama River drainage system also has -

considerable rainfall, which probably decreases toward the ‘east. In
. the absence of any distinet mountain barrier, it may be presumed that
average rainfall on the Alamo Creek drainage basin is less than ‘that
on the Hudsna River basin, and that the average rainfall on the
adjacent small part of the Cuyama drainage basin is in turn less than

that on the Alamo Creek drainage basin, but greater than that on the )

Cuyama Valley proper,
In an effort to relieve the deﬁolency in basic precipitation dat& f01

the mountainous areas of Santa Barbara County, several public i

agencies are Now cooperating in the installation and- operation of

precipitation stations in those areas. Included among these agencies

are Santa Barbara County, the city of Santa Barbara, Corps of Engi-
. neers of the United States Army, United Statés Forest Service, United

States Weather Bureau, -and the United States Geological Survey.

During the winter of 1945-46, 6 recording rain gages and 10
- storage-type gages were installed. In addition, three snow-rain
‘recording gages were Installed in 1946. Of the total number, seven
recorders and four storage gages are within the Santa Maria River
drainage system. The data obtained from these gages should furrish
valuable additional information concerning the principal water-
producing area of the county. a

' RUNOXFT .A.S A FUNGCTION OF RAINFALL

The distribution of rainfall on the whole drainage basin of the Santa
Maria- Valley is known only in a general way, and its relation to
runoff is exceedingly complex, probably even more so than in the
Santa Ynes River basin (Upson and Thomasson, 1951), Further-
more, runoff in the Cuyama and Sisquoc Rivers has no direct
relation to runoff in the Santa Ynez River. .For example, within the
periods of concurrent .gaging-station records, storms of sufficient
- magnitude to produce material runoff have occurred in the Huasng
River and Alamo Creek dramage basins at the same time that light

precipitation fell on the Santa Ynez River valley. The opposite con-

dition has also been observed.

Because of this and other factors that influence the rainfall-cunoft
relation, estimates of Tunoff based on tainfall nreasuved ombsidenith
Bl e here under goneidaeration are sub1eot to question. - T ‘
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RUNOFF FROM THE HEADWATER ARBA .
ESTIMATES OF YEARLY RUNOFF K : Coer
F01 the purpose of studying Watel—supply characteristies, the head-

water area wassubdivided into main stream and tributary-stream drain-

© age basins, as previously indicated. “For all these basins, except the

one mnnechately upstream from Fugler Point, some gaging-station:
records were. available (pl: 4). Estimates of runoff from the various
basins were made in order to supplement the available records.

The water supplies originating in the headwater area include not
only the surface flow in the streams but also the underflow, or water
percolating through the channel dep051ts at the gaging stations.
However, the only gaging station at- which underflow was bmportant
was the lower station on the Sisquoc River. BEstimates of seepage
loss above.that station were made for years in which & record for that
station was available. At the other main stem stations underflow
was considered to be megligible. For example, between Gypsum -
Canyon and Fugler Point the Cuyama River flows in a narrow rock
caniyon on bedrock or on & thin veneer of channel deposits, Under-
flow in that canyon was estimated not to exceed a few hundred acre-
feet per year—a quantity so small as to be disregarded in the esti
mated total yearly runoff. Also,in the Sisquoc channel deposits above

" the upper gaging station underflow which 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 oonorete dam 1ep01tedly built to

bedroclk.

As brought out in the dlscussmn of gaging-station records (p. 50);
the periods of record on the several streams were so intermittent
that in every year except the two water years 1943-44 and 1944-45
one or more of the tributary drainage basins was not gaged. ~ Thus, '
m sll but these two years 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 drainage areas, modified in some instances by miscellaneous
low-water discharge measurements. Runoff was not estimated for
- any year during which less than two stream-gaging stations were
‘operated within- the area. . The estimates therefore span only the 16

years énding September 30 1930-45, the longest continuous penod in

which two or more gaging stations were operated.

The ungaged' part of the total drainage area was not the same in

'Iall of the 16 years. For example, during the water-years 1930-33,
the ungaged drainage area included the Cuyama River. drainage
-downstream from the main-stend gage, except that of the Huasna

Rimemansndrthe drainage area of the Sitsquoc Rlver downstream from
$30370—51—5 :



60  GEOLOGY AND GROUND-WATER, SANTA MARIA VALLEY, CALIF.

the upper gage, except the narrow valley Hoor. Duri_ng‘the water-

years 1934-40, the ungaged area included the same area along the "

Cuyama. 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 go widely that runoff relations based on yearly totals
for gaged areas were not satisfactory for estimating runoff from un-

gaged areas. For example, the Huasna River has a high storm runoff -

but & 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 De

about half of the Huasna River runoff, yet in the dry year ending’

September 30, 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 runoff figures in table 4 were obtained by

adding measured monthly runoff from the gaged areas and estimated *

monthly runoff from ungaged areas.

TasLh 4.-——Measured and estimated yearly runoff, in acre-feet, from the headwater
area of the Santa Maria River drainage system in the water years 1980-48

’ Sisquoe | Sisquoc TUnmeas-
Cﬁ%’gga River Plujiver . Sele[g:ge buln?,d Total
Alamo | Huaspa | a&bove above : alance otal .
Water year zllmtge Creek River |- gage gage E‘ﬁg:; of ranoff
O? ko near near 256 drainage
| e Bisquoc | Garey ! £ag ares
1929-30. v cvcmn e 3,030 2200 431 33,100 | e e ©2400 7,200 -
16830-31._ - 3, 920 2200 264 2200 4; 80O

26,800 | ®10,000 { 21,600
1932-33 7,720 | 12,800 | - 4,720
1933-34 3,020 | 21,000

198435 . oo 9,180 | 23,600 7,070 | 20,000
1935-36. ... I .0 9,160 | 29,000 | 18,420 | 214 000
1936-37. L. 43,770 | 218,000 | 38,650 | 288,000
1937-38..-. 111070 56,060 | 225,000 | 49,400 [ 297,000
6,230 | 21,600 1,250 | 211,400

1951-32
24,200 26, 200

7 500 17, 700

23,300 | 43,200

21100 24, 600-

25,300 27, 700
143,200 | * 15,000 28, 500 333, 000
15,650 | ¢ 10,000 21, 500 52, 600

6,120 | %32, 600 5,930.
63,740 | 334,000 | 68300
9,330 | 24,500 | 11,820
27,740 | 222,000 | 46,080 |-
18, B30 4, 400 7, 800

9, 850 2, 860 6,880 |........a.| 16,080 11, 800 3 880 49, 250

37,800 | 13,600 | *1, 500 83, 000:

! Includes measured runoff of La Brea and Tepusquet Creeks,
2 Bstimated. - :
3 Does not include small diversion above gage.

212,100 | 114,000 °

2 5,000 55, 500+

66,320 | 210,000 | 26,000 | 178,000
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Theiyearly totals of the preceding tablé are subject to considerable
-error, owing largely to inhérent differences between runoff character-
istics of the gaged and ungaged drainage areas; also because on the
Sisquoc River poorly controlled estimates of large 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 station ranged between 10,000
&qd 15,000 acre-feet, or between 10 and 64 percent of the total yearly
discharge at the station. Although the estimiates of runoff from un-
gaged areas may be considerably in error for individual months or
-even years, the average yearly runoff for the '16-year period—91,800
acre-feet—is believed to be reasonably accurate. :

The runoff characteristics of the separate gaged drainage areas,
together with the basis for comparing runoff of one area with that of
another, are given in following pardagraphs. S ‘ '

' ~ RUNOFF CHARACTERISTICS OF THE INDIVIDUAL DRAINAGE BASINS

- Cuyama River above Alamo Creek.—Records of measured discharge

-at the gaging station on the. Cuyama River, 3 miles upstream from

Alamo Creek, have been obtained since December 1929 and published
as “Cuyama River near Santa Maria.” No estimates of discharge

- 'were necessary because the period of analysis was covered by factual
.records. ' .

‘The drainage area above the gaging station is 912 squa-rev miles,

“However, the effective drainage area above the station varied widely
‘from year to year. For example, during normal and dry years little

‘water left the valley above Gypsum Canyon, and for those years

_runoff past the station was essentially that from the intervening small
: mountainous area. On the other hand, during wet years some runoff
~may have been contributed from the full drainage area above the

station. Because of this variation in effective drainage area, the
.e,cords of runoff at this gaging station did not plot consistently with
ecords at gaging stations on nearby streams. Accordingly, estimates

~of runoff from ungaged areas were not based on records of Cuyama
- River runoff. Those records were used, however, as a guide in limit-

Ing the estimates which were based on the records for other nearby

_streams,

Alamo Creek.—A. 'contin'uous gaging ‘station has been oiverated o
Alamo Creek, 1.2 miles above its mouth since October 1943, and the
records have been- published as “Alamo Creek near Sants Maria.””

Between 1930 and 1943, numerous miscellaneous :measurements of
-discharge were made at the same site in all years except 1932 and 1940..
1 Montbly quantities of runoff during the two years 1944 and 1945 were:
-plotted agamst concurrent data for the station on the adjacent
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‘Huasna River and a relation between the two drainage bgsms' Wé,s
-obtained, as follows: During months of high flow the runoff from the

' Alamo Creel basin appeared to be about half of that from the Huasna
‘River basin. Runoff was about equal when the monthly ’Potal- was -
“ghout 200 acre-feet, but during months of low discharge flow in' Alamo A

‘Creek was consistently greater than that in the Huasna River.

‘Because there was no reported surface diversion i either basin, the .

"difference must have been due to natural conditions..

Durihg the water years 1930-43, monthly runoff from the Alamo™

‘Creek drainage basin was estimated on the basis of the Huasna River
'record and the runoff relationship that existed between the two streams
during the 2 years of concéurrent records. Besults ) obtained were
adjusted for periods of low flow on the basis of avaﬂ@ble low-water
~measurements of discharge, but no adjustment was made for months
in which floods occurred in the Huaspa River. It was found that
minor.rises in the Huasna River early in.the rainy season usually

were not accompanied by similar rises in Alamo Creek. On thg other:
"'ha,nd, fairly heavy rainfall on the Alamo Creek drainage basin was:

‘necessary to produce an appreciable rise at any time. Yearly esti-
“mates of runof from the Alamo Creek drainage basin are considered
.reasonably accurate. :

The characteristics of the basin relative to the headwater ares as a
whole may be summed up as follows: HFlood peaks are not great and
-high flows are of short duration. The stream is clear except for a fexy
©days following heavy rainfall. Tt is reported never to have cegs;e_d_’
v,ﬁowing in the driest years, and in most years flow does not drop belo'w,;
.1 second-foot. In the late summer and autumn of most years ﬁowym
"the Alamo Creek may equal or exceed the combined ﬂqw n 'thg
'Cuyama and Huasna Rivers. As a tributary of the Cuyama R\lje;

. the Alamo Creek is second in importance only to the Huasna Ri'r_r_ef
" Huasna River—A continuous gaging station has been operated sing

‘December 1929 on the Huasna River, 0.5 mile above its mouth, and f‘Jh’e
“records have been published as “Huasna River near Santa Maria

" The period of study was covered by that record. The drainage are

_above the gage, 119 square miles, is largely mountainous with a small

farmed area in the middle part. Storm runoff is ﬁashy'&pd is foﬂqy.e
by rapid recession to medium rates of low. The stream 1s clear exce]
during floods and is perennial at the gage. except in the suminer.
. autumn of consecutive dry years. Itis the most 1mportan§ tribut,
- of the Cuyama River. ' ' S
Records at this site were used as the basis for estimating fung
from the Alamo Creek drainage basin and from thg }mggged are:
the south, which includes tributaries of the Sisqty Hiver hetweet
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- upper gage and Fugler Point and, also, the Cuyama River between.
- the gage and Fugler Point, :
- Sisquoc River above upper gage.—Records of discharge of the Sisquioc:
- River at the upper gaging station (pl. 4) were collected during the;
.period December 1929 to September 1933 and tere published as:
“fSisquoc River near Sisquoc.” These records did not include diver-:
sions that may have been made at a site about 500 feet upstream..
- Such diversions probably were small but they may account for the
;periods of no flow during the summer and autumn of those years.:

. Miscellaneous measurements made at the site and on intervening

" tributaries during 1943 indicated consideraBle‘s‘eepage loss from the:
- channel between this site and the gaging station below, Tepusquet:

Creek. The gaging station therefore was reestablished as of October:
. 1943, using the same structures as in the earlier years. The recent;

ecords, however; include diversions and therefore represent the total-
-tunoff above this site. ' :

In estimating runoff during years of no gaging-station record, it was:

+ considered desirable to separate the drainage ares above the upper:

-gage from that below because the rainfall and runoff characteristics’

~of the two parts were quite different. Quantities of monthly runoff,

.measurec at the upper gaging station, therefore, were plotted against:
orresponding quantities of runoff of the Santa Ynez River above:
: Gibralter Dam, which were corrected for tlie operation of Jameson:
-Lake. That drainage area is immediately adjacent to the Sisquoct
“on the south. “The comparison indicated that the runoff at the Sisquoc.
‘station was about 80 percent of the corresponding runoff above Gibral-:
-tar Dam.  Accordingly, quantities of monthly runoff of the Sisquoc:
“above the upper gage during the period from October 1933 to Sep-
- tember 1940 were estimated on the Basis of records at Gibraltar Dam.
by the use of this relation. .Yearly runoff, obtained by adding the.
estimated monthly quantities, is considered reasonably accurate.
' ‘The part of the Sisquoc River drainage basin above the upper gage.
1s probably the wettest of all the. drainage areas here considered, In:
‘some years runoff from the 290 square milés apparently equals that:
from the remaining 1,300 square miles in the headwater area. This is:
not. true in all years, however, because of the variation in rainfall
stribution from -year to year, but in all years this 290 square miles:
of drainage area is a very important contributor to the Santa Maria
Valley area. T :
Sisquoc River above lower gage.—A gaging station has been operated;
since February 1941 on the Sisquoc River, about 0.5 mile downstream:
from Tepusquet Creek.. The records of runoff, published undér the"
heading aoisguoc River near Garey,” represent runoff from all the!
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. drainage area of the Sisquoc River except the small area to-the west,
between the gage and Fugler Point. However, the records did not
include considerable quantities of seepage loss from the channel between
the upper and lower gages. Miscellaneous discharge measurenients
made in 1943 and subsequent gaging-station records on the main
gtem and tributaries indicated that séepage loss above the gaging
station near Garey was about 15 second-feet late in the runoff season.
It may have been much greater than this early in the season and also
during high fows when considerable areas of the channel were flooded.

- Because the seepage loss was substantial, and because it varied

from year to year depending on the duration and quantities of total
yearly flows, no estimates of prior runoffat this gaging station were:

prepared. Records at the Garey station were used in the computa- -
tions of total inflow to the Santa Maria Valley area only during the

water years 1941-45. For earlier years estimates of runoff fro'mvthe‘
aren above the upper station on the Sisquoc River plus runoff from
the intervening area between ‘the two stations were considered more
‘reliable than estimates ab the lower station plus estimates of seepage
loss above it. o : :
" T.a Bréa Creck.—Records of discharge have been collected since
October 1943 on La Brea Creek, 0.4 mile above the mouth, and
published as “La Brea Creek 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 fror ‘the consolidated rock channel and some small

seepage- loss above the station was not included in the records o

runoff. ‘
" Records.of measured runoff from the Lia Brea Creel drainage basin

do not appear directly in table 4 because the concurrent records o

- the Sisquoc River near Garey include runoff from this basin. The}.

records were used, however, in computing seepage loss above Gare
during the 2 years ending September 30, 1945, and in setting up rate
of seepage loss above Garey for use in earlier years. The records wer

also combined with records of runoff from the Tepusquet Creek

drainage basin to derive runoff relations which were used in estimate
for years predating the period of record for these basins, as discusse
on page 66. - . o
Ta Brea Creek drainage basin is uninhabited except for a few sma.
stock ranches, which require little water. The basin is mountainou
throughout and is characterized by flash runoff, accompanying heav
rainfall, followed by rapid recession to small flows. A small perenni
flow is present in most years in the lower reaches of the rock canyo
but that flow sinks into the valley fill so that the stream is dry at th

mouth during each summer and aubumn. During the 2 years ot réedtd’

. to the valley area.
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the basin contributed 6 or 7 percent of the total inflow from streams
. Tepusquet Oreek.fReco'r"ds..of ‘discharge have been collected since
Octgber 11943 on Tepusquet Creek, 1.1 miles above the mouth, and
published as “Tepusquet Creek near Sisquoc.” Prior to the estab-

lishment of the gage miscellaneous measurements were made as follows:

one in 1941, one in 1942, and eleven in 1943. The gaging station is in
8 NAITowW }‘ock—walled canyon and underfiow is negligible. The stream
is perenn'lal at the gaging station in most years. Low flows are ab-
sorbed within a few hundred feet after reaching the -Sisquoc channel.

- 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 with -the Lia Biea Creek records, as discussed on ‘
. pages 64 and 66. : . ‘ :

Tepusquet Creek drainage basin is mainly one long c.an'yon with fan-

“like tributaries in the mountainous headwaters. Stormm runoff is very

small—the basin absorbs all but the lieaviest rains. Flow is uniform

‘, in winter and holds up untﬂ well Into the summer, when it slowly
.- Tecedes to the autumn low. Any diversions above the gage are too

small to be detected by diurnal fluctuations in flow at the gagin
station. ‘ ' ) ‘ g

* Ungaged area above. Fugler Point.—The p'réceding discussion has

. dealt with records and estimates of runoff from the several drainage

bgsins in the headwater area for which records were available in some
years. No records of runoff were available for the remainder of the
headwater area, which includes downstream segments of bath the
Quyama and Sisquoc River drainage basins between the gaging sta-
tions and Fugler Point. In order to complete the estimates of to‘tal
'rgnofr reaching the Santa Maria Valley area from the headwater area
it was necessary to estimate the runoff from this downstream aren fbl,'
all years.

.';The characteristics of this part of the headwater area are somewhat
dﬁe1~ent from those of the Alamo Creek drainage basin and the
S._1isquo'c River drainage basin, so that it was not feasible to combine it
Wlth' either of the others in preparing estimates of runcff. The area
poni:jlsts.largely of foothills and mountains of relatively low altitude, -
having lighter average rainfall than either the Alamo or Sisquoc basins’ ‘
,B'ecause of the staggered periods of record at the varjous gagin )
gtatlong, the downstream ungaged area was not éonstailtftbroucrhou%
the period of analysis. During the- period prior to October 19b40 it
included thg drainage area downstream from the gaging station on the
Cuyama Rllver_, excludirg the Huasna River and Alamo Creek basins
Eqd the dr&mage area downstream from the upper gage on the Sisquoc’
m;v el éxcluding that part previously described as being in the valley
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area. Since October 1940 it has included the same area downstream -

from the Cuyama gage and the small hilly part of the area north of the
Sisquoc River, and downstream from the lower Sisquoc gage.

. The procedure used for estimating runoff from this area prior to
October 1940 ‘was as follows: Monthly runoff during the 2 years

194344 and 194445 was gaged at the stations on La Brea and'.

Tepusquet Creeks. Runoff during those 2 years from the ungaged
area adjacent to the Cuyama River and from the ungaged area

adjacent to the Sisquoc River valley floor downstream from the upper

gage (mostly Foxen Canyon) were each assumed to be about equal to

runoff from Tepusquet Creek drainage basin. Thus, runoff during
those 2 years from the total area below the Cuyama and upper. -
Sisquoc gages was estimated as the sum of the runoff of La Brea Creek '
plus three times the runoff of Tepusquet Creek. Total quantities of .
" monthly runoff so derived were plotted with corresponding quantities -
of measured runoff of the Huasna River. Although the plotted points-

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 1840, to estimate quantities of runoff from the
ungaged area above Fugler Point for the equivalent period. The

rinoff computed by this procedure was found to be unreasonably high

for several months as compared to estimated runoff in the adjacent

drainage basin of the upper Sisquoc River, which had been computed
from records for the Santa Ynez River.

areas during the last 2 years when gaging station records were avalla

ble, probable rainfall distribution on the two areas, and the fact thab- .

the estimates of runoff for the Sisquoc were based on more and bettel
factual data. ) o ‘

Tor the water years 194145, the ungaged balance of the headwater
ares included the area downstream from the Cuyama gage and theé
small hilly area downstream from the lower Sisquoc gage and nortk
of the river. For the period October 1940 to September 1943, Tunofl

from the ungaged balance was arbitrarily estimated on the basis of
wnit runcf 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 Creek
drainage basin, : :

Tstimates of runofl-in all yea,ré from the ungaged area immediately -

~upstream from Fugler® Point are consideredcqooi.dockhosmemen 4
quantities represent only about 10 percent of the total mflow to th

The runoff was-adjusted
arbitrarily for those months so as not to exceed 50 percert of the’
estimated runoff from the upper Sisquoc drainage basin. This adjust-

ment was made on the basis of the relation between runoff of the two'~
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Santa Maria Valley ares during the period pricr to October 1940 and
only 2 or 3 percent of the total during the later years, . The inaccuracies
in the estimates, therefore, do not introduce very material errors into
the estimates of total inflow.

SEEPAGE LOSSES :FROI\I STREAMS

SURFACE-WATER RESOURCLES

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 lodses was an integral part of this study of the
water resources of thie valley. The difference between the total inflow
from the headwater area, which has been summarized in the foregoing
- paragraphs, and the total surface-water outflow to the sea was con-
sidered to be approximately equal to the total seepage losses within
the valley. The runoff from the valley area proper was quite small
-and no allowance was made for it in the seepage studies.

" Numerous miscellaneous measurements and estimates 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 {pl. 5). Minor losses were noted
‘downstream from the Cuyama River gage to its confluence with the
Sisquoc River at Fugler Point. These reaches of stream channel are
within the recharge area as defined in this report (p. 73). In the
western part of the valley area the Santa Maria River is separated
from the main ground-water body by confining beds, and very little '
‘permanent seepage loss oceurs. Stream flow reaching the area of
confined ground water is largely wasted to the ocean.

" Surface-water outflow was largely measured at a gaging station
installed on the Santa Maria River at Guadalupe in January 1941
(table 3), well within the artesian area (pl. 5). - Considerable diffi-
culty has been experienced in the operation of this station. Diuring
‘periods 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 1"e‘éorded years the
How at the station was so small it-never registered on the gage. Dis-
sharge records during those periods when the stream was away from
the -gage were computed largely on the basis of the composite inflow
:hydrbgraph adjusted to discharge measurements made at Guadalupe.
- Even though the discharge records at Guadalupe were rated no
better than ‘‘poor,” nevertheless, they furnished considerable valuable
'infoi-ma,.tion regarding rates and quantities of seepage loss above that
station. For example, in the year ending September 30, 1942, the
measuréd and estimated total inflow to the valley was 52,600 acre-
feet, but the outflow in that ysar as measured at Guadalupe was
ol 450901 acre-feet; or the loss from stream channels above Guada-
lupe was about 51,500 acre-feet. Similarly, during several months tha




68  GEOLOGY AND GROUND-WATER, SANTA MARIA VALLEY, CALIF.

totalinflow wasmore than 15,000 acre-feet, whereas the outflow was from
zero to & few hundred acre-feet. Thus, sizable errors in the Guada-
lupe record would 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 for moderate flows and that it
probably exceeded 2,000 acre-feet per day during major floods when
large areas of channel were flooded. In view of the large and variable
rates of seepage loss above Guadalupe, it was concluded that for years
prior to the period of record reliablé estimates of stream flow at that

station could not be based on flow at the upstream gaging stations;

rather, 1t appeared that direct estlmates of seepage loss durmg those
yvears would be more accurate.

Accordingly, monthly estimated quantltles of seepage loss during the
‘water-years 1941-45 were plottéd against corresponding estimated
quantities of total inflow to the valley floor from the headwater area.

The following significant relations were established from this study:
. For all months with less than 10,000 acre-feet of total inflow there was

no outflow at Guadalupe, mdlca,tmg that (neglec’cmcr evapotranspira-
tion; see p. 71) all inflow sank into the ground. For months in which
flow was uniform, with no major. floods, the amount of inflow mlght
be as much as 20,000 acre-feeb Wlthout any outflow at Guadalupe.
A good example was March 1944, during which month a moderate flow
was.sustained and no large flood occurred. Estimated total inflow for
the month was 34,200 acre-feet, but, because it was well distributed

" SURFACE-WATER RESOURCES = - 69

- than during years in which the total inflow was about the same but

in which most of the inflow was concentrated in one or tWo major

floods.

"On. the basis of these principles, quantities of montbly_ seepage loss
for the years ending September 30, 193040, were estimated as follows; -
For-all months in which total inflow was less than 10,000 acre-fest, -
the entire inflow was considered to have seeped from the channel,

, ..F-Ol months in which total inflow exceeded 10,000 acre-feet, the daily

records of flow at available gaging stations in the area, and also in

. edjacent stream basins, were studied to détermine the presence or
.absence of floods and the distribution of flow with resepct to time.

Seepage losses for those months were adjusted for excessive floods and
for floods occurring near the end of the months. Estimated yearly
seepage loss was then' obtained by adding the monthly estimates.
Talle 5 presents estimated yearly inflow to, outflow from, and seep-
age losses within the Santa Maria Valley area in the 16 years ending

- September 30, 1945. Quantities of estimated yearly inflow were

obtained from table 4. Outflow was measured beginning in 1940-41
(table 3) The qua,ntltles of estimated yearly outflow during the
years prior to 1940-41, as given in table 5, represent the residual differ-
ence between estunated inflow and estimated seepage 1ss during the
respective years. Yearly seepage losses during the years prior to

Tasrn 5. —Fstimated seepage loss, tn acre-feet, frbm stfeam channels in the Sania
Maria Valley area in the water years 193045

" with respect to time, only 5,610 acre-feet passed Guadalupe, or 28,600 Year _ Tnflow Outtiow Seepage loss
acre-feet seeped out of the channel. Rises occurring late in some - I :
months caused .scattering of the plotted points, owing to channel: }ggg:gg—"—-—."———--——? ----------- Z, 388 0 7, 200
storage, and because flash floods may have exceeded the capacity of 103180, 01T 144600 42, 000 e 800
the channel to absorb water. For example, in 1943, when all streams %83%‘%&-—‘- ------- S S 26, 200 © 3,700 | 22500
were low until January 21, the sudden flood beginning that day was AR 17,700 -0 17,7700
great enough to bring the estlmated total inflow for the month up to %gg‘ézgg«----———-—-———-—-—~~—7 ----- ég, 288 3, 600 39, 600
55,000 acre-fest. Probably more than 90 percent of the total inflow. Ty ————" N 0. I3 BT
occurred during the latter third of the month, and the high peal flows %ggg:gg --------------------------- 262, 000 135, 000 127, 000
from that storm greatly exceeded the maximum.absorption capacity S 24, 600 0 24, 600
of the channel. Consequently the excess water was wasted to the. 193940 oo . 27,700 0. " 927,700

: 194041 333, 000 .1 18835 300 150, 000

ocean, and the estimated total seepage loss for this month was only T 52 600 T 000 20, 900
20,100 acre-feet. igg—ﬁ -------------- e ---f 178,000 171, 900 106, 000
Just as the monthly quantities of seepage loss depend on, the distr S ettt bbbl 83’ 000 ' 13, 560 69; 400
bution of inflow with respect to timé as well as on its total monthly- 194445 . __. e . 49,250 14 990 44, 300
amount, so also the yearly quantities of seepage loss depend on the: Total ' oeeoeoe.___| 1,468 750 566, 440 002, 500
monthly distribution of inflow as well as on the total yearly amount 16-year BVEIAge Lo ‘ 91, 800 35, 400 56, 400

of nflow. During years in which rainfall was well distributed and:
no major floods occurred, seepage losses were corsiderably greater

2W 00w midalared at Guadalupe.
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194041 were estimated directly, as described in the preceding para-
graphs. For the years beginning 1940~41 seepage loss is the residual
difference between estimated inflow and measured outflow. '

- Figure 2 presents in graphic form the estimated average monthly
- quantities of inflow, seepage loss, and surface-water outflow for the
Sante 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 monthly hydrograph shows the distribution of quantities with
respect to time but the mass diagram, or cumulative monthly hydro-
graph, shows miore clearly the division of inflow into seepage loss and
swiace-water outflow. : : O

Estimated seepage losses during months of low and moderate flowr

are as accurate as the estimated quantities of total inflow. Estimated
losses during floods are subject to question but are as accurate as
available data permit. Future records of discharge at the present
gaging stations will furnish data which will either confirm these esti-
mates or establish a factual basis for their revision.

The over-all difference between surface-water mflow and outflow
was classified as seepage loss in table 5. - Actually some water evapo-
rated from the water surface in the streams and from the: channel

,‘.‘sg_mds, and transpired through riparian vegetation, and so did not

reach the main water body of the Santa Maria Valley area. Such
losses by evapotranspiration are believed not to have exceeded a few
over-all difference. S ,
Under natural conditions of stream regimen that prevailed during
the period of current analysis, most of the runoff and seepage loss tool

-hundred acre-feet a year, however, and so were not deducted from the

‘place during the winter and early spring months, when evapotrans-

‘piration losses were -at a minimum. However, the disturbance of
the natural regimen, in which flood waters might be detained in sur-
face reservoirs and later released during the summer, would 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 souitheast of the Santa Maria.
Valley, the 14-year average evaporation at two stations, as measured by

‘class A land pans, was 1.10 'and 1.28 inches, respectively, during the

month of January, and'8.08 and 9.80 inches, respectively, during the
month of July (Upson and Thomasson, in preparation). Furthermore,

-the conservation of flood waters through the use of storage reservoirs

would probably produce large additional losses by transpiration.
Water-loving’ plants ‘around. the edges of the reservoirs would take:

their toll and, also, many acres of riparian vegetation could be expected

to.gprieg, uprand flourish along the stream channels, which now are:
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mostly barren, if furnished an adequate supply of water during 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 the reduction in 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. o : ‘
GROUND-WATER RESOURCDS

This evaluation of the ground-water resources of the Santa Maria
Va,lley arca is developed through successive treatment of -the occur-
rence of ground water essentially in a single main water body, its
magnitude and its containing formations, and conditions which cause

“its partial confinement; the source and movement of water through
‘the deposits, with a critical -analysis of the controlling factors; the

‘nature and quantity of recharge; the riature and quantity of dlSChELl ge; -

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 guantitative hydrologic -studies are limited to-

~.the period 1929 —45 by the avallablhty of records on water levels,
1amia11 runoﬂ and pumpage.

OCOURRENOCE OF GROQUND WATER
MAIN WATER BODY

The main ~water. body of the Santa Maria Valley ares extends

continuously from the head of the Sisquoc plain on the east to the
Pacific Ocean on the west and is contained within the unconsolidated

deposits that fill the major syncline, described on page 42. Minor '

arms extend up the tributary tongues of alluvial material, principally
those along the Cuyama and Sisquoc Rivers. The containing forma-
tions include the alluvium, the Orcutt and Paso Robles formations,

and the Careaga sand; also, locally, the terrace and channel deposits
(pl. 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 Waterfj

may be of poor chemical quality. .

This main water body is as much as 8% miles Wlde and mlderhes ;

an area of about 110,000 acres. Its maximum thickness is about
1,300 feet beneath the Sisquoc plain near Sisquoc and 2,800 féet
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beneath the Orcutt upland near Orcutt; however, 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

"withdrawn for use without exceeding the perennial vielding (p. 123).

Most wells. penstrate 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 surface, in general

“the head in wells 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 one formation. In the few deep wells perforated only

In the .Paso Robles formation, the head is a few feet higher than in
shallower wells-tapping only the overlyiug formations. This slight -
increase of head with depth probably is due to locsl confinement of'
water beneath clay lenses in the Paso Robles. Plate 5 shows contours
on the water table or pressure surface of the main body. :

Beneath the eastern and larger part of the area about 80;000- acres:
of the main water body is unconfined; however, beneath the western
part of the Santa Maria plain about 30,000 acres is confined beneath
the upper member of the alluvium. ~ In twmn, the area of confined water
has two parts—an eastern part where the head of water is below the
land surface, and a western part where the head 1s above the land sur-

face and where there are flowing wells. The extent of the area of flow-

ing wells has varied considerably during the past 27 yeals as is Shown
on plate 5.
The eastern boundary of confined water is somewhat 11regula1 and

'mtanglble, but in general, it is roughly along the line between Rs.

34 and 35 W. (See pls. 1 and 5.) This position is deduced chiefly
from physical and hthologm features of the upper member of the
alluvium, from differences in the fluctuation of water levels in wells,
and from the reported areas of ground-W&ter discharge as of 1918.

The area of unconfined water is one of potential recharge, and is

~ called the intake area because there water is able to infiltrate from the

land. surface down to the water table of the main water body. On the
other hand, in the area of confined water, there is essentially no in-

filtration from the land surface because of Lhe low permeability of the

conﬁmng beds.

MINOR WATER BODIES

. In the Santa Marla v a,lley area there are three known minor water
bodles as follows:

A thin .and possibly dlscontmuous body beneath the central part

of the Orcutt upland, contained 1 m dune sand It 1s perohed above the
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main water body on fine-grained deposits or old soils of the ‘Orcutt

formation, and it supplies water in small quantities to- a few domestic: '
wells.  Recharge is wholly by infiltration of rain and water not
withdrawn or retained in storage eventually reaches the maix Water o

body helow,
2. A relatively thin body beneath the Nipomo upland; contamed in

the terrace deposits and upheld by consolidated rocks: Wells tappmg”

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 southwest -thirough the deposits and eventually reaches the

main water body. (See pl. 2, sec. D-D’.)

3. A shallow body in the uppermost part of the alluvium and in the
channel deposits in the area of main-body confinemeént; and extending
into the dune sand at the west end of the Santa Maria plain. Recharge
is chiefly by seepage from streams, and infiltration of rain and irriga-

tion water. Discharge, which takes place by dranage westward,

toward the ocean, sustains the perennial dry-season flow in the lower
reaches of the Santa fMarla River and Oso Flaco Creek. No wells
bap this body.

SOURCE AND MOVEMENT QF GROUND WATER
GENERAL FEATURES SHOWN BY WATER-LEVEL 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 pointsiof discharge. Specifically,

provided impermeable barriers do not- exist,” movement is indicated

by differences of head betweer any two points because water always -

moves from a point of high head to a point of low head. Contour

lines drawn on the surface of a water body connect points of equal head. -
Plate 5 shows by contours the head of water throughout the main-

water body, based on measurements of ‘‘static’” (nonpumping) levels

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 spirit’

leveling or aneroid barometer, or were interpolated from topographic °
maps. Within 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 ‘period of
relatively high water levels, and those for 1936',§how the head during

the lowest period of record. The map also shows tlie approximate

" GROUND-WATBR RESOURCES ' - 75

eastern limit of the area of flowing wells in 1918, 1936, and 1942, and
thié reported areas of ground-water overflow in 1918.

With respect.to soutce, both sets of contours show that within Lhe
intake area water moves generally Westward away from the Sisquoc’

" and Santa Maria Rivers; water moves northward away from the
" Casmalia and Solomon Hﬂls, and southward from the western part
" of the Nipome upland; and water moves down the lower course of
“the Cuyamsa River. 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

' is accomplished by seepage from streams, infiltration of rain on the
" bordering hills,” and underflow in the aﬂuvmm and channel deposits

alorig the rivers. Considerable recharge also is accomplished by

" infiltration of rain on'the intake area, but this is'so thomughly dis-
" persed that it is mot shown by the contours.

Although the shape of the contours on plate & is influenced chiefly
by recharge, it is 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 these structural and lithologic features, and hence the Ghanges in
the configuration of the contours, are dlscussed separately as follows:

MOVEMEN’I‘ IN THE SISQUOC YALLEY

" The contour map (pl. 5) shows that beneath the .Sisquoc plain
water is moving with a fairly uniform hydraulic gradient in a westerly
direction, The direction’ is esta.blis)hed by the natural westward
drainage and the withdrawals for irrigation farther west. 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 THE SISQUOC VALLEY TO THE SANTA MARIA VALLEY

" The movement of water from the Sisquoc Va,ﬂey to the Santa Maria
Valley takes place through the Careaga sand, the Paso Robles forma-~
tion, and possibly the terrace deposits. on the south side of Fugler

Point, and plmmpaﬂy through the alluvium on the north side. At

Fugler point the main water body is split lonigitudinally by the out-
cropping tar-impregnated Careaga sand, which forms an impermeable

.“island”’ ‘at the morth end of the Pomt (See geologic sec. BB,
pl. 2.

‘The water-level contour map shows that south of Fugler Point, a
rapid steepening of gradient occurs immediately west of Garey from
about 25 feet per mile to about 100 feet per mile.. There are several

possible exiplanations for this feature, and. among t.he most likely are

930370~~b61——6



76  GEOLOGY AND GROUND-WATER, SANTA MARTA VALLEY, CALIF,

the following: a large decrease in the permeability of the saturated
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.

Tugler Point fault (p. 43) which might retard the movement by a
reduction in effective cross-sectional. 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 free hydraulic continuity between the Slsquoc 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 channels, and the subsequent transmission of water stored -

in the deposits of the Sisquoc valley. The amounts of underflow for
the two years 1936 and 1944 are used to show the extremes of maxi-
mum and minimum values, respectively, and are determined by the
'use of Darcy’ s law, which may be expressed by the formula

Q=PIA,

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 hy—
draulic gradient in feet per mile, and A is the ‘cross-sectional area in
square feet (Wenzel, 1942, pp. 8—4). The permeability coefficient used
is 3,500 gallons a day per square foot, obtained from the test on well

10/33-21R1 (p. 38). Obviously, at best.this value is only an estimate -
because 1t was determined in an area 2 miles downstream, and further

1t may not apply strictly to both yeeus when the deposits were satur-
ated to different depths.

In 1936, the hydraulic crmdlent was about 15 feet per nule (See g

pls. 5 and 6.) The width of the saturated deposits was about 3, OOO
feet and the thickness about 60 feet, giving a total saturated cross-
sectional area of about 180,000 square feet. The quantity of water
moving through these deposits in 1936 is computed . to-have been
about 1,800,000 gallons a day—about 2.8 second—feet or 2,000 acre-
feet a year. ' :
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Similarly, 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 to.tal satur&bed cross-sectional area of 300,000
square feet. The quantity of water moving through the deposits

. then was about 4,000,000 gallons & day, about 6.2 second-feet, or 4,500

acre-feet a year. Thus the natural limits of u_uderﬂow have 1anged
from about 2,000 to 4,500 aore-feet a year.

MOVEMENT 1IN THE SANTA MARIA VALLEY -

The water-level contour maps (pl. 5) show three main features in
regard to the movement of ground water in the Santa Maria Valley,

. as follows: a striking longitudinal break or flattening of hydraulic

gradient near the central part of the valley; a wide lateral shifting
of the trough, or low, down the middle of the valley between 1936

‘ and 1942; and a seaward gradient to and at the coast.

The longltudmal break in hydraulic gradient near the central part
of the valley, which in 1942 was from about 40 feet per mile on the
east to less than 10 feet per mile on the west, is evident as far back as
1907 when there was little pumping in the area. This is clearly
shown by the proﬁles of water levels for selected years (pl. 6). Con-
sequently, the break is a natural phenomenon and not the result of
pumping. Furthermore, the break is not the result of -displacement

~of beds along the Santa Mearig fault, because the fault does not cut
. the upper part of-the main wateér body contained in the Orcutt

formation nor in the highly permeable alluvium; because the displace-
ment of the older unconsolidated’ deposits 1s small and does not
materially alter the .cross-sectional. area; and further because. the
ohange n gradient is just the reverse of tha’o which would be produced
by a fault barrier.

. The flattening is believed to be due primarily to a line of hydlauhc

“balance established at the intersection of two independently controlled

gradients: the western gentle grachent which is controlled largely by

the rate-of discharge at the coast, and the eastern steep gradient, which

is determined largely by the rate of recharge 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-B’/, C~C', and" D-DI’,
pl. 2.) The water-level profiles (pl. 6) show that the hne of b&.la,nce

‘has shifted only slightly eastward ot westward since 1907, dependulg

upon. the controlling altitudes of the water surface at either end of
the valley. TFrom the edge of the area of confined water westward
the gradient steepens slightly, probably owing to a decrease in cross-

._Jchonwl gres of the W&tel~bearu1g deposﬂ;s
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The second feature of water movement in the Santa Maria Valley
1s the lateral shifting of the trough on. the surface of the water body
shown by two sets of contours.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 & mazimum distance of about 5 miles and extended'alt)ng‘
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 percent of the witl-
drawals occur, and hence is not simply a pumping depression. '.
~ Its position is probably determined primarily 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 dry -

. years ending in 1936, there was relatively small recharge fromi the

river. Consequently, pumpage exceeded recharge and the trough
shifted northward from beneath the Orcutt upland toward the center
of pumping. On the other hand, in 1942, following a period of wet,
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 direction. Thus, the source and movement
of water in the heavily pumped area may vary over a period of jf'lé*chs;

During wet years recharge from the Santa Maria River supplies more
water than is pumped, but during dry years water supplied by the
river is inadequate and the water beneath the Orcutt upland, which is
supplied by infiltration of rain, is more heavily drawn upon. '

The third feature, the seaward hydraulic gradient of the main water -
body to and-at the coast, is extremely important because it means that '

water is moving toward and is being discharged into the Pacific.

Ocean at some point off 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 off shore. The
“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 Midwestern States, recharge to-
water-bearing formations from rain and streams may take place in.
remote districts hundreds of miles from the points of withdrawal. -
In such areas the evaluation of quantities of annual or long-term re-
charge involves chiefly computations of the amount of ground water
transmitted into the areas through the aquifers. In the Santa Maria.
Valley area, on the other hand, practically all the rectarge takes place:

profiles. -
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within. the-boundaries of the area shown on the geologic map (pl. 1).
Therefore, in ordel to determine total recharge it is necessary to esti-
mate recharge to the main water body by appraising seepage loss from

- streams, Infiltration of rain and underflow along principal streams,

' _ ‘SEEPAGE FROM STREAMS . '

As indicated on-pages 67 and 73, stream losses take place in the
lower course of the Cuyama River, in the Sisquoc River below the
upper gage, and in the Santa Maria River downstream to the area of
~confined water. Within fhis area there are no extensive impermeable
beds, and water seeping from the streams is able to reach the main
‘water body. Large losses are possible because of the relatively high
permeability of the channel deposits, which ranges from 266 to over
- 1,000 gallons a day per square foot (table 2), and the large areas from
which the losses can take place—about 2,700 acres in the Sisquoc
valley and about 6,300 acres in the Santa Maria Valley, or a total of
.about 9,000 aeres. However, ‘the entire acreage is covered only
durmg infrequent major floods and then for relatively short periods
of time. Seepage at most times is from much smaller areas. _
Throughout most of the reach in which seepage losses from streams
~occur, measurements of water Jevels in wells adjacent to the channels
show that the water table lies at considerable depth below the river
channels. . In the Sisquoc valley the depth has ranged from a minimum
wof less than a foot at the upper and lower ends to a maximum of 90
feet near Sisquoc. Similarly, in the Santa Maria Valley the depth
"“has ranged from less than a foot at Fugler Point to a maximum of 130
feet north of Santa Maria (pl. 6). Therefore, except near Fugler
~Point and probably in- part of the. Sisquoc valley, river water has not
~been in hydraulic continuity with the main water body. Water from
“the river, then, seeps vertically downward through the permeable
“cliannel deposits and through the greater part of the upper member
of the alluvium before reaching the main water body as recharge.

. The methods used to estimate seepage losses have been presented in

the section on surface-water resources, and yearly estimates therein

derived for the 18-year period 1930-45 are shown i table 5. The
magnitude of the losses.involved with respéct to time are discussed
on 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 estimated seepage losses reach the main water body as recharge

in the manner described above.. Thus, estimated yearly recharge by

“seepage from streams 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

tE¢\Pertod 193045, Recharge from-this source constitutes about 80
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percent of the total recharge to the main water body. Kven so, the
average surface-water outflow, or the water foréver lost from the
basin, has averaged about 35,000 acre-fest a year during the past 16
years. Therefore, it is obwous that any future plan devised to utilize
fully the surface-water resources should consider the advantages of
salvaging this wasted water insofar as possible and of spreading it on
the appropriate portions of the Slsquoc Cuyama, and Santa l\{fana
River chanmnels.

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 returns to the stream channels wheén the floods subside.

INFILTRATION OF RAIN
AREAS OF INFILTRATION

The area of rain infiltration encompasses the greater part of the . -

area shown on platé 1, and hence is nearly wholly outside the head-
water area for which estimates of runoff have been made. It is.esti-
mated to be about 140,000 acres in extent, and receives relatively
little rainfall and essentlal_ly no runoff from minor tributaries except
~ during infrequent heavy storms. Because the quantity of infiltra-
tlon is governed principally by the character of the underlying de-
posits and the type of vegetative cover, the total area of infiltration
is divided into a primary area, which is coextensive with the intake
area and which includes about 80,000 acres whose cover consists of
grass and“hligated lands; and a secondary area, which includes about.
.60,000 acres chamctenzed by thick growths of brush, scrub oak, and
some grass, and underlain principally by consohdated rocks, .

METHODS USED TO ESTIMATE INFILTRATION

Precise field-determinations of that part of the total rainfall that _

infiltrates below the root zone and reaches the main water body were
beyond the scope of this investigation, and to be of value they would
have to be made under a variety of conditions over a series of years.
Therefore, the estimates of infiltration are based primarily on field
studies made in Ventura County, principally by Blaney. (Blatey,
1933; Blaney and Sopp, 1929). Although conditions are not exactly

the same In the Santa Maria Valley as in Ventura County, 1t is.
believed that they are sufficiently similar for the estimates to bej

valid.

The primary area is divided into two subareas accor dmg to type of

land cover: 60,000 acres of grass land and 20,000 acres of irrigated
land. Infiltration of rain on these lands was determined by plotting

a curve of infiltration against rainfall for each type’6f'¢over, derived

GROUND-WATER RESOURCES " 81

from data of Blaney, who found.that in general 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 cin be estimated., In this way

the infiltration of rain on each type of land has been estimated for

the years 193045,

The secondary area is underlain locally by relatlvely thin terrace
deposits and nearly everywhere hias a soil mantle that ranges in thick-
ness from 1 foot to 4 feet and which stuipports relatively thick growths
of brush, scrub oak, and some grass. Because 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 area; rather, the
infiltrate must 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 to use 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
Casmalia and Solomon Hills, indicating that some mﬁltl ate is reach-
ing the primary area by lateral movement.

Blaney has indicated that in general when yearly ramfaﬂ on brush
land is less than 18 inches no deep infiltration occurs. 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 itis less. Thus, during the period 193045, recharge
from the area is estimated to have occurred ouly in 4 years—I1935,
1937, 1938, and 1941 (table 6). TFor 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 acre-feet in 1941, which is only a
small part of the totals for those 2 years. Also, the estimated

_infiltration includes any recharge that might be supplied by local
. runoff or by percolation through fractures n the consolidated roclks

(p- 27).
-It should be pointed out that W1th years havmg the same total

_ramfall 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 related char-
-acteristics. Thus, rigid use of the method is subject to some error
- in any ome year. However, over a series of years these errors would

tend to balance each other, and so are used without adjustment.
ESTIMATES OF INFILTRATION

lednfitration to the main water body in any ome year, then, is the

-sum of the values for each of the three types of land cover obtained
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by the méthod 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 average rainfall is
14.40 inches (table 1). This is less than that required for imfiltration
on grass and brush lands, but somewhat greater than that required

- for nrigated land. Table 6 shows the total recharge thus derived for

the yedrs ending September 30, 1930—45.

TasLs 6.—Bstimates of yearly recharge to the main water body by infiltration of ’

rain 1n the water years 1930—45
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1 of error mvolved in the estimates of yearly runoff -and seepage loss.

Consequently, for all practical purposes the recharge by underflow is

1. accounted for in the measured and estimated seepage losses from

streams (table 5), and hence is not separately estlmated
BSTIMATE OF TOTAL RECHARGE
The total quantity of recharge to the main water body is the sum of
the seepage loss. from streams and the infiltration of rain (tables 5
and 6). Table 7 shows the estimates of total yearly recharge for the
vears ending September 30, 1930-45. ‘

Tasrr 7.—Estimates of total yearly recﬁarge.to the main woter body in the water

years 1880—485

Total recharge

Total recharge-

Rainfall at | Rechargo to : Rainizll at | Recharge to '
Yoar ending Sept. 0| S5, | (HEBR || Yeorchding Sepr. 20— | o0, | [hemaln
. (inches) (acre-feet) (inches) (acre-feet) . .
9. 33 0] 1940 neanon —--] 14 61 - 2,000 -
8. 97 01} 1941 e 30. 75 80, 000 .
16. 48 9,000 )|-1942 . ________ 16. 95 12, 000
11. 35 . 0 1048 oo 17.22 13, 000
7.68 | 0l 1944 _.__ SRR, 14. 56 2, 000
19. 55 25,000 || 1945, oo - 11. 31 0 -
13.48 | 1,000 - : _
20. 82 | 35,000 Totalo ... 246. 75 | 219, 000
22. 18 40, 000 16-year av- : . .
11. 51 0 eTage. ... 15. 42 13,700 :

! From table 1. ’ o V

The table suggeésts that there was no infiltration of rain during years.

of low rainfall, and that infiltration was about 80,000 acre-feet in 1941,
the wettest year of record. The estimated average yearly infiltration
was nearly 14,000 acre-feet and suggests that about 2 inches per year
or about-13 percent of the average rainfall for the 16-year period,
infiltrated to storage. However, it is appalent that the average is
raised appreciably by the large infiltration that occurred during 1941,
Tor the 60-year period 1886-1945, by the procedure outlined above,

1t was estimated that the average. yearly infiltration was 10,000 acre- _
feet or 1.5 inches—about 10 percent of the average rainfall for that"
period. This is about 25 percent less thah the average yearly mfﬂtra{

tion during the 16-year period 1930-45.
UNDERFLOW ALONG PRINCIPAL.STREAMS
The continuous unseen flow of ground water into the main Watel
body, principally through the alluvium at the mouths of the Ouyama»
and Sisquoc Rivers and major tributaries, is designated as recharge by

-underflow. Hssentially all the underfiow at the mouths of these rivers

1s measured as surface flow at stream-gaging stations a considerable
distance upstream, where the deposits are thin or missinig entirely, and
where the underflow is estimated to be only a few hundred acre-fest a

year (p. 58). This rough estimate of underflow is well withit the 1its _

to main water

Year ending Sept, 30— to, main water Year ending Sept. 30—
. . body (acre-feet)

body (acre-feet)

1930 a e e} 7,200 || 1940 o ... S 29, 700
1931 e 4,800 || 1941 .. . 230, 000
19832 81,000 | 1942 .. 63, 500
1933 o e 22,500 {| 1943 o e 119, 000
1934 .. 17,700 (| 1944 .. 71, 400
1985 64,600 || 1945 oo Do 44, 300
1986 37, 200 -
1987 o 137, 000 Total oo 1,121, 500.
1938 . . ) 167, 000 16-year average.. 70, 000
1939 - [P 24, 600 . '

The table shows that estimated total yearly recllafge has ranged:
from about 4,800 acre-feet in 1931 to 230,000 acre-feet in 1941, and has
averaged about 70,000 acre-feet. Thus, any one year's rechalge may

be as much as 330 percent of the 16-year average; as in 1941, or as little

as 7 percent, as in 1931. Obviously, the large increment in 1941 has

‘raised the average considerably. With respect to long-term average

recharge to the main water body based on comparative rainfall, it is
about 93 percent of that for the period 183045 (p. 128) or is estimated
to be about 65,000 acre-feet a year.

For short perlods too, the recharge is roughly propor tlonal t0 rain-
fall. For example, the average yearly recharge during the 7-year
period 1930-36 was about 34,000 acre-feet, in contlast to an average
during the 9-year period 1937~45 of about 98,000 acre-feet. The wide
range in-average recharge between .these two periods can be traced
directly to rainfall. For the two periods, the average yearly rainfall

‘was 12.41 inches and 17.77 inches, respectively. Thus, there exists

o general relationship between rainfall and total recharge, but because

“of the relatively wide variation it distribution and intensity of rainfall

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

‘long-term average recharge above and of perennial yield (p. 128).
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“expansion has been somewhat slower. An intensive well- dlﬂlmg
program kept pace with the 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 figures for years

. Pprior to 1931 were obtained from the report by Lippincott,® and for '

the years 1931—44 were from estimates made &nd factual data col-

lected by the Geological Survey. ‘

DISCEARGE FROM THE MAIN WATER BODY

Discharge of ground water from the main water body occurs in two
.ways: by natural means, and by withdrawals from wells, which
meclude the discharge from uncapped flowing wells. Hssentially all
discharge of ground water occurred by natural processes prior to the
introduction of large-capacity pumps near the turn of the century.
Since then pumpage has increased steadily, until in recent years it hag
constituted about 85 percent of the total discharge. During the past
20 years natural discharge has been only in the form of ground-water

Tasre 8.-—Number of zrrzgatwn wells and approzimate dcreage irrigated. m the
Santa Mama Valley area, 1.920—44

outflow to the sea, but in earlier years ground water overflowed at the. _ .
. : . R Nuraber . Number
eastern edge of the area of confined water, and considerable discharge vear ofactive | _ Acres Vear of active Acres
irrigation | frrigated frrigation irrigated
took place. above ground. ' wells | wells
PUMPAGE ' 1920, 11 256 | 28,000
_ HISTORY AND DEVELOPMENT 1921 .. <16 280 | 28,000
- ' g ‘ ' _ 1922 111D - 31 264 | 29,000
The first recorded well in the area was a dug domestic well con- %8%2 ------------- 16% 2711 30,000
structed in 1868 by a Mr. B. Wiley, who was one of the first settler Jeas T TTTTTTTTTL 132 %Z g’?’ 888
(Mason, 1883, p. 313). From then to 1898 only domestic and stock %ggg ------------- ' ~1f753. 288 | 32, 000
“wells were constructed. Pumping for irrigation started in.1898 with - %Og 2 ggg gg’ 888
the inception of the sugar-beet industry, and the first irrigation Wells . %31 3311 34,000
2
were at about the sites now occupied by wells'10/35-25K1-10 (pl. 1), 22% 2 g’%; §§ 888
Shortly thereafter large steam-driven centrifugal pumps, which re- 253

portedly had discharges of about 3,000 gallons & minute, were nstalled-
on batteries of closely-spaced wells near present wells 10/33-35B1,
10/34-8R1, 10/34-19A1, 10/35-12H1, and 11/35-33C1. In order t0;
raise the water with centrifugal pumps in the intake area, pits wer
dug to the water table where necessary and the pumps set on th
bottom. Drifts were run out from the bottom of the pits to intercept.
wells drilled from the surface, and the multiple suction pipes installe
were connected to a single pump. Usually 5 to 10 wells were oonnected
in this manner. Surface distribution was accomplished through open’
ditches and flumes, and each battery of wells supplied irrigation wate
to areas which were often mﬂes away.. Consequently, l&rge ”ditch
losses” resulted.
Diversion of surface water for irrigation was attempted about 190()
when water was brought through flumes and pipes from the Cuyam
River to the Santa Maria plam However, ‘about 1908, floods:re
portedly destloyed the installation, and diversion from that sourc
has not again been attempted. On the Sisquoc River similar d_Welsm'
works were installed about 1910 and are still in use (p. 63). -
Until about 1920 the development of irrigation supply and increas
of irrigated acreage proceeded slowly, and then in the early twentie
vegetable farming was introduced: During the next, 10 years: th
acreage under irrigation expanded rapidly, but from 1930 to 1944 !

! From field canvass by Lippincott.

2 From field canvass by Geological Survey.

~ The table shows that in the years 1920—44 the 1ap1d expansion of
rrigated acreage went forward hand in hand with the well-drilling
program. In the year 1930 4nd during the years 1941—44 the aver age
number of acres irrigated by a single well was about 110. This figure
was applied to the known number of irrigation wells during the period
1931-40 to obtain estimates of acreage irrigated for those years.
~The 35,000 acres under irrigation in 1944 include approximately
“the entlre surface areas of the Santa Maria and Sisquoc plains. Of
his total, about 33,000 acres, which are rrigated by nearly 300 wells,
Te On the Santa Marla plain; the remaining 2,000 acres, which are
upplied by 17 wells, are on the Sisquoc plain.. Thel efore, any future -
evelopment must necessarﬂy take place on the bordermg upland
reas, where there are high pumping lifts, sandy soils (Watson and
lmth 1916), and somewhat less productive  underlying water-
earing formations.

-The yields of the irrigation wells on the plains are relatively high.
ests run on 18 selected wells by the Geological Survey showed dis-
m B. Report on water conservation and flood control of the Santa Maria River in Santa

‘Harbard ldnd'Sdat’THiis Obispo Counties, Calif., March 1631, pp. 10~11 (unpublished report avallab]e to the
ublic at the ofﬁces of the Qounty Planning Qommission, Santa Barbara, Qalif.).
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charges ranging from 400 to 1,900 gallons a minute. Sumlarly, tests.

run on 180. irrigation wells by the San Joaquin Power Division of the
Pacific Gas & Electric Co. showed discharges ranging from 300 to

2,200 gallons a minute. ‘The average discharge for the 198 wells was.

shghtly less than 1,000 gallons a minute. The high and low yields.

were about equa]ly 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 growth of the area was aocompanled by an Increase
i’ allied industries and in population. In addition, there was an.
expansion of the oil industry following the dlscovely of the Santa.
Maria oil field in 1934. The demand upon ground water for the
cattle and dairy industries, however, has remamed about constant

. for the past 25 years.

Lippincott  estimated that in 1930 about 500 wells supplied water
for irrigation, public-supply, industrial, domestlo and stock use. In.
1942 there were 311 irrigation wells, 22 pubho-supply wells, 20 indus-
trial wells, and about 350 domestic and stock wells, miost of which are
shown on plate 1 and have been described in anothel report (La.
Rocque, Upson and Worts, 1950). Thus in 1942 there was a grand.

total of about 700 wells Lhat supplied water for all uses throughout.

the Santa Maria. Valley ares.

Most of the wells penetrate the main Watel 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 derive water principally from. the
lower member of the alluvium, but partly from the upper part of the
underlying Paso Robles fonnatlon The few. wells on the Orcutt
upland derive most of their water from the lower member of the
Orcutt founatlon but partly from the upper part of the Paso Robles.
formation.

Thus, the wells “skim’” water from the upper part of the main
water body leavmg the thicker lower portion untapped. However,
because water in the main body is presumed to be in hydrauho con-
tinuity throughout both its vertical and horizontal limits, it is believed-

there would be no particular 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, available data indicate that the most productive water-
yvielding deposits are the alluvium and locally the Orcutt formation,

- which now are tapped, and it is possible that in the deépest portions

' Lippincott, ¥. B., op. cit., p. 23,

“only moderate.
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of the main water body the cliemical quality of the water would be

‘poor. The only possible advantage would be the increased yield au.d
-increased specific eapacity if greater thicknesses were t‘appgd. This
would pérmit operation of larger pumping units which might con-
© celvably be operated at greater efficiency than smaller units, both

with respect to plant efficiency and application of water to an irr 1gated
area or to industrial use. Doubtless this advantage would be greatest
at places where. the permeqbﬂlty of the unconsolidated deposits is

ESTIMATES ‘OF PUMPAGE FOR IRRIGATION

METHODS TOR ESTIMATING PUMFAGE

The methods used for estimating quantities of water pumped for
urlgatlon are necessarily indirect because there are no water meters
attached to the wells to determine directly the quantlty pumped
Approximately 95 percent of the irrigation pumps - the Santa Maria
Valley area are electrically operated—the rémaining 5- percent are run

-either by tractors or stationary internal-combustion engines. Under
" these conditions the most accurate method of determining the pump-

age was to calculate, for each 6f as'many electrically operated plants

“as possible, the number of kilowatt-hours required to pump one acre-

foot of water, and to divide the aver age value, or energy factor, so

‘obtained into yearly totals of kilowatt-hours consumed.

The San Joaquin Power Division of the Pacific Gas & Blectric Co.

‘kindly furnished data on more than 500 pump-efficiency tests and

yearly totals of kilowatt-hours consumed for the years 1932—44. 'The
area was divided into five subareas because of the wide range.in energy
factors, which was due chiefly to the range in pumping lift. Actually,
the Variations‘ mn pumping lift during the period 1932—44 did not
-Tesult-in appreciably différent average energy factors in different 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 of 300 kilowatt-hours per acre-foot in the area of

. hlghest lifts on the Orcutt upland

The yearly quantity pumped in acre-feet was determined by d_lVld--
.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 total amount of water pumped
-each year from the entire area by electrically operated pumps. This
total was then increased by 5 percent, to allow for the quantity pumped

. * by nonelectrically operated pumps,,to obtain the yearly total pumped
“for irrigation by both classes of pumps for the period 1932~44. ‘

‘The quantity pumped each year prior to 1932 had to be determined
VY9 $8568d method which is based on the yearly totals derived above. ,
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It was found that during the period 1932-44 the average yearly depth.
of water pumped onto the irrigated land, or the duty of water, varied
approximately in accordance with ramfall During years of above-
average rainfall the duty of water was about 1.7 acre-feet per acre,

whereas during years of below-average rainfall the duty of water was.
about 2.1 acre-feet per acre; thus, the average duty was about 1.9

acre-feet per acre-for-the Whole perlod Yearly rainfall was plotted. .

against the duty of water for the years 193244, and 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 for
duty of water obtained. These values in turn were multiplied by the
known or estimated irrigated acreage to determine yearly pumpage.
In this manner it was possible to estimate the pumpage by years as
far back as the acreage irrigated was kmown (table 8). The total
. quantity pumped for irrigation for the years 192944 is shown in.
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, In
the intake area a part of the total quantity pumped each year for ir-

.. rigation seeps-below the root zone and returns to storage in much the

same manner as does the nfiltration of rain. The greater part,
however, is lost by transpiration and evaporation.

The quantity of irrigation water which returns to storage each year
varies considerably from one part of the area to another, depending:
primarily on type of soil, type of crop, irrigation practice, and climatic
conditions. It.1s plobably greatest in the Sisquoc and upper Santa
Maria valleys where the soil is sandy. ~Westward, down the Santa.
Maria Valley the soil is heavier and less water returns to storage. In.
the area of confinement (pl. 5), which includes approximately one-third
of the irrigated area, little orno return occurs; and essentially all water-
© in excess of that transpired or evaporated eventually dlsohalges from.
the shallow water body into the sea (p. 74),

The amount of irrigation water which returns to storage each yeal '

in the intake area (about two-thirds of the irrigated area) ranges
from essentially no return along the mmland boundary of the area of
confined water to possibly as much as 50 to 60 percent of the yearly
pumpage in the eastern part.”® Thus, the average return in the:

intale area is estimated to be about 30 percent of the pumpage, and. -

for the entire area, including the area of confinement in which there is.
little or mo return, ahout 20 percent of the total pumpage. Therefore,.
of the total quantity of water pumped for irrigation each year, an.
estimated 80 percent is permanently remioved frovey stepageent Dhis.

1 Besed on data compiled for other coastal areas of California by Harold. Oonkl}'ng.
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4 . quantity is designated the total net pumpage. Table 9 shows both
-4 . the total pumpage and the total net pumpage for irrigation for the
1 16-year period 192944, :

"TasLE 9.—EHstimates of pumpage for irrigation from the main water body, 1989-44

‘Total pump- | . Total met Total pump- Total net
Year age for irriga- pumpage for Year age for itriga- | pumpage for
tion (acre- irrigation tion (acre- irrigation
feat) (acre-feet) feet) (acre-feet)
50, 000 40,000 || 1940 _.___ . 75, 400 60, 000
52, 000 42,000 || 1941 . _____ 60, 400 48, 000
54, 000 43,000 || 1942__ . ____. 61, 400 49, 000:
50, 800 41,000 || 1943_________ 67, 900 54, 000
45,000 | 36,000 {] 1944 . __.___. 70, 900 57, 000+
48, 000 38, 000 —
51,000 41, 000 Total .| 930, 200 743, 000
60, 000 48, 000 16-year
58, 900 47,000 aver- o :
59, 000 47,:000 Bge..| 58,100 | 46, 400
65, 500 52, 000 :

Pumpage during 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 eatly thirties, probably owing
mainly to the economic conditions which prevailed at that time, but.
hasincreased steadily since then, Presumably additional lands will be
placed under Irrigation in the future. ILippincott!! has estimated -
that there are 50,000 acres of irrigable land in the area—an excess of
15,000 acres or 40 percent above that now in use. If all this land were
placed under irrigation, or if more double-cropping were practiced.
onthepresentacreage, and the pumpage wereincreased proportionately,
the total net pumpage for 1rr1gat10n alone would be more than 80,000
acre-feet a year, '

ESTIMATES OF DISCHEARGE 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 artesian wells, which is artificial discharge. " The methods.
used for estimating each dlﬁer according to the av&ﬂable data, and

‘are  discussed separately below

PUBLIC SUPPLY AND DOMESTIC UvSES

The largest single use for public supply is that for the. city of Santa
Maria from three wells on the Orcutt upland. Fortunately, the
water pu_mped from these wells is metered and the yearly pumpage

u prpmcott J, B op. cit., p. 16, 1831.
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¢an he obtainéd directly. Records of municipal use have been-made .
available by the City Water Department. In 1944 the pumpage was

about 1,700 acre-feet.

As-nearly as can be determined, the population of the outlying
towns and rural areas was about 4,500 in 1930, and about 5,100 m .°
1940 (Bureau of the Census 1940).* The quantity consumed in . i

these areas.is based on an estimated per capita use of 125 gallons a
day. This quantity allows for gardening, for use by small-business

establishiments in the smaller towns, etc., Thus, the quantity pumped
" for the rural population is estimated to have been about 670 acre-feet
in 1930, and about 760 acre-feet n 1940. For the intervening and”

subsequent years the average yearly increase is apportioned.”

INDUSTRIAL USE

"~ The estimate of pumpage for industrial use is based on the 1‘epor‘@éd, ‘

and inferred capacities of the pumps and their operating 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 industrial wells were active 1 1942. Each of these wells
was visited and from the data gathered 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 500
gallons a minute. Thus, in 1942 the vearly. pumpage by the 20 wells :
for industrial use 1s estimated to have been about 3,500 acre-feet.

Tor 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-
lieved that the pumpage has increased steadily since 1929. Because

no reliable date are available, and further because the estimate of

pumpage in 1942 is only approximate, 1t is assumed that the pumpage

has increased at a rate of about 100 acre-feet a year. Thus, in 1928

the pumpage for industrial use may have been about 2,000 acre-fest.

3

- STOCK USE

Tt was reported *® that for the past 25 years there has been an a@%‘er—
age of about 7,000 head of dairy cattle in the Santa Maria Valley

area, and the quantity of water required per head is ordinarily est

mated as 15 gallons a day. In addition, 15 gallons a day per head is:
required for dairy operation and maintenance. Thus, the average,
pumpage for stock use has been about 200,000 gallons a day, or

roughly 250 acre-feet a year.

12 Also data from Santa Maria Valley Ohambér of Cominerca,
18 Triksen, H, C., personal communication, Nov. 1945.
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FLOW FROM WELLS

- Ground-water discharge by flow from wells is considered artificial
discharge. Most of these wells are allowed to low unchecked, and in
that sense the water discharged is a needless waste of ground water.
During the 4-year period 1942-45, the discharge from artesian wells

.amoupted t0 L}early 2 percent of the total discharge by pumpage.
. Although relatively small, this amount is worth conserving. .

.In 1942, there were 20 flowing wells distributed over about 5 square
miles of the arable part of the area of confinement (pls. 1 and 5). The
quantity of flow from each was estimated in the spring of that year
by the Geological Survey, and it was found that the total discharge

‘ampunted to approximately 1,250 gallons a minute. Most of these

wells were revisited at various seasons of the year during the 4-year

-'peri'0d= 194245, and.it was found that the flow decreased substantially
] dgrmg the summer pumping .season, but increased to about the same
discharge each spring. The average flow is estimated to have been
~about 700 gallons a minute, or 1,200 acre-feet a year.

- Lippincott ** reported that the area of flow was 23 square miles in
1918 and extended eastward almost 1 mile from Guadalipe (pl. 5)
. 4 ?

. butin 1930 the area of low has decreased to 1.5 square miles. Records

of W'ater'le'zvel:s mdicate tha.t by 1936 the area of fow was even less.
During this time the discharge by flow from wells varied according

" to the head and to the number of wells permitted to flow uncheclked.

It 1s estimated that the flow decreased from an unknown maximum

. in‘191‘8 to & minimum in 1936 of about 300 gallons a minute, or 500
@a.e—ﬁeet a year, and that in the years 1937-42 the flow increased
steadily with the increase in-head. The yearly quantities of flow

during the years 1929-44 are apportioned according to the rough

" estimates-derived above.

-

LSTIMATE OF TOTAL DISCHARGE FOR OTHER USES

‘~The total discharge for nonirrigation uses (as described in preceding
pages) amounts to only about 10 percent of the total net pumpage fot;
all uses. In view of ‘this relatively small percentage, the estimates
may'be in error without affecting appreciably the estimiaté of total
d;sphal‘ge from"'the main water body. - Accordingly, more refined
estimates -of ‘pumpage for minor uses are ‘not considered justifiable
b this time, o ' ‘ A "

Table 10 shows the total yearly pumpage for public-supply, indus-'
tmgl, domestic, and stock uses, and includes the digcharge })ay fHow
_.frvo'm' v've]ls——:—aﬂ of which are designated discharge for use other than
irrigation. = - ' '

| M Lippineatt, I, B, op. cit., p. 28, 1931,
. 930370—51~—T o
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TABLE 10.~——Estimatés"of total yearly- discharge from the main waler body for use

other than trrigation, 1926-44 confining beds (pl. 5). It is _reported by several residents that from
_ . ' i about 1914 to-the mid-twenties perennial surface flows occurred in
Vear - pfrgf;‘?}ge Yoar u’I.;ngE:;]ge o Gllreen Cany'on, starting near well 10/35~13J1; and in the Santa Maria
{aore-eet) (acre-fect) 2 River, starting several miles east of the railroad bridge. Water thus
1929 . 5 000 ' 6 100 o .dlsqharged from the main water body is designated as natural dis-
1630 CTCIIITIITIITTL 50100 6, 400 - charge by ground-water overflow, :
193 e 5,200 6, 60 rati 1 i ) . v
1932 T 5, 200 7 208 ?Yai%l ation and t‘l_‘a.nsplra,mon IOSSQS'OCCUH ed only. at times when
1933 . 5 100 8 000 &1? n the areas where overflow was taking place. It isreported that
%ggé::::::::::::::-: gy ;88 , 8,200 :t ?re W§1"e heéailvy growths of W_atertlovmg plants in the channels down- |
1936 ToTmmmmmmmmmm 5, 300 95, 200 - sireamm 1rom uhe areas of overflow in the late teens and early twenties.
%835 ---------------------- g 288 6,000 . Doubtless, fairly large evapotranspiration losses took place in these
OO0 e , , ' . : '
- . reaches. Klsewhere, the water table has remained below the reach

9f water-loving plants. The absence of plants and trees of this type
m'the intake area along the Sisquoc and Santa Maria Rivers bears
evidence to this fact.” Furthermore, it is reported by residents that
the Santa Maria and Sisquoc plains and river channels have always
been barren of this type of vegetation. Thus, losses from the main
W’{:l:tsl' Eoi{hb)r }ivap}cl)ration and transpiration are practically non-
existent, ough a shallow water body (p. )

at the west end of the valley. a (P- 74) supports plant growts

ESTIMATES OF DISCHARGE BY GROUND-WATER OUTFLOW

.The method used to compute the quantity -of ground-water dis- -
ch&rgg by outflow to the sea is based on'fDaféy’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, and' the slopeof the pressure surface, or hydraulic gradient.. '

Gegloglc section D~D' (pl.'2) shows the cross-sectional area of the
deposits through which the water being discharged at.the coast must

This discharge for nonirrigation uses remained about constant
‘during the early and middle thirties, probably owing to economic con-
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 wartime 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 watér is all discharge other than pump-
- age and artesian flow from wells. It includes outflow or submarine
disch_arge into the sea, overflow into streams at the eastern edge of the
area of confinement and thence to the sea, and evapotranspiration by, .
native vegetation where the water table is close to the land surface.’
Prior to the drilling of wells, all recharge to the main water body: in’
excess of that retained in storage was dissipated by natural discharge.
Water moving seaward beneath the confining beds at the west end
of the Santa Maria 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 mile
causing water to be discharged west of that boundary (p..78). . Wate
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. S Co
During consecutive years of excessive recharge prior to the adven
of heavy pumpage in the mid-twenties, outflow could not dispose.of:
the large ground-water increment. Consequently, the water tabl
"rose 1n the intake area until water flowed over the gastesn sdgerefith

ber of the alluvium is determined from humerous water-well logs and
. b

therefo‘re,’ is fairly accurate. The cross-sectional areas, of the other

ground-water divide, as water moving north of that divide is not part
of the Santa Marie Valley area discharge. ‘ : !
* With respect to the saturated cross section aloﬁg line D~D’, it ma;
bevpoted that bengayth the Santa Maria plain all Wa'ter~bea1’“ing dez
osits are confined beneath the upper member of the alluvium and
helr‘entlre section 1s saturated—including the lower member of the -
aﬂuwum,-,t]':le Orcutt (?) and Paso Robles formations, and the Careaga,
pndy also, in the relatively small areas of unconfined water north and
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south of the plain, the water table fuctuates from year to year 'and
so changes the saturated cross section. Because these ﬁuc’guatlons .
ave negligible when compared to the very largg saturated. section, the
saturated section throughout the length of section D—D’. is considered
to be constant. o ‘ -

. As thus defined, the cross-sectional area. of the saturated portion of
the Careaga sand is approximately 11,800,000 square feet, of the Pasg .
" Robles and Orcutt formations about 29,200,000 square feet, and of the
lower member of the alluvium about 2,238,000 square feet; or a total
saturated, cross-sectional area of somewhat maore than 43,000,000

square feat, S . e .
The permeabilities of the various formations, whic _are 10 p'ard
estimated, have been discussed elsewhere, and the coefficients applie :
to this cross section are as follows: for the Careaga sag'd about 75 ,
- gallons per day per square foot—the.laboratory pe;rmeabﬂfgy_of 70 gt,
' 60° F. (p. 28) adjusted to field temperature of 64 F by leldmgbl 7
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); and for the lower member of the alluvium about 2,000 gaﬂopg

v per square foot (p. 39). - . :
pefl‘ieyh%dmi}io gradient, although relatively slight at the line of
section, has varied considerably from 1918 to 1944, Plate 6 show;
water-level profiles for the main water body for 1.907, 1918, 19361, ?n‘ |
1944, The profiles for 1907 and 1918 were obtamve'zd fr‘om tk}e 16(}{91’0 ,
by Lippincott,lﬁ and those for 1936 and 1944 were compﬂefl fr onit ati,v,
collected by the Geological Survey. 'The profile. for 1936 is the owgsd
of record and that for 1918 is the hlgheﬁt.. Thg profiles 1n 19O7ba1; )
1944 are intermediate and are nearly pommdentu All four haxffe thl; 2
projected to the coast line to shgw toughly how the head }c; water,
has varied at that place. A maximum head about 55 feet & 0ve seﬁ :
level occurred . 1918, ‘and a minimum head of af;b'out 20 fee.t mIl)%D_/.,,
On plate 6 the hydraulic gradients at the crossing of section -1
appear to have varied only slightly m:tl'le 4 years.. Howevfall,gg(‘)gy
profiles of larger scale it was found that m lthe_ 3 years 1918; m s
and 1944 the hydraulic gradients were '10, 8, and-l8 fget per7 ile
respectively. Owing to the irregularity m the gradient.in 1907 near.
the line of section, this year ivs‘omit,ted. from the outflow corgputat;o;;'
However, outflow was probably of about-the same magnitude as
194B4e>'cause the water in the main water body is co'n_sidered to ,'b
essentially confluent throughout, the hydraulic gradients fhe}g ‘az _:

'appliéable to the full cross-sectional area. Thus, the total groun,

1 Lippincott, J. B., op. cit., diagram 3, 1931,
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water outflow to the sea for the 3 years, 1918, 1936, and 1944, or for
other. years when the hydraulic gradient is known, can be estimated
as follows: The rate of ground-water outflow in gallons per day is
equal to the product of the cross-sectional ares times the permeability -
times the hydraulic gradient. The rate times 365 gives the total
quantity for any 1 year. The quantities thus derived are shown in
table 11 for the maximum discharge in 1918, for the minimum dis-
charge in 1936, and for the discharge in 1944.

TasLn 11.—HEstimates of ground-waler outflow from the main water body in 1918,
C . 1936, and 1944 - o

Perme- | ) Outal
: (ag%%; Sas;lor;st“ed Hydé'auléc_ e
Formation pgegf dclglssl :rigi(c;gg};_ %}—eaeplg%r Million Acra-leat
g | ST wie | gl | ST
1918
Alluvium (lower member) . _ ... 2, 000 450 10 9.0} 10,100
Paso Robles and Orcutt forma- '
E 17 ot U 65 5, 500 10 3.6 4, 000
Careaga sand ... .. . 75 2, 200 10 1.7 1, 900 -
N TS W I AU A 14.3 | 16,000
1936
“Alluvium (lower member)_ . ..__ 2, 000 450 6 5. 4 8, 000
- Paso Robles and. Orcutt forma- .
tlons ... e e 65 5, 500. 6 2.1 -2, 400
_Careaga sand ..o 75 2, 200 6 1.0 1, 100
Total . e e e 85 9, 500
1344
Alluvium (lower member) . ____ 2, 000 | 450 8 7.2 8,100
Paso Robles and Oreutt forma- : ’
[ 7 o - 65 5, 500 | . 8 2.9 3,200
Careaga sand . oo 75 2, 200. 8 1.3 1, 500
SRS SN RS NI 114 | 12,800

The table shows: that there has been a fairly wide range in groﬁnd~

water outflow to the sea. . Furthermore, approximately two-thirds of

he total outflow takes place through the lower member of the al-

- luviuin, which constitutes only about 6 percent of the total cross-'
-sectional area. o : .

It is believed that in the years around 1918, when water levels were
he highest of Tecord. and when ground water was discharging along
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the edge of the arca of confinement as overflow in CGreen Canyon and

the Santa Maria. River, 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—watel outﬁow This is believed to be true because
any further increase in gradient in the intake area would produce an

increased overflow, but it would increase only slightly the hydraulic. ,

gradient in the area of confinement. Hence, the outflow could not be
increased appreciably. ' ' '

In 1936, on thé other hand, when the minimum known hydl aulic
gradient of 6 feet per mile occurred, the outflow also was at a minimum,
or 9,500 acre-feet. The overflow had long since ceased, and water
levels along the edge of the area of confined water had declined 55

feet. . The pressure head at the coast had also declined from a projected - ’

high in 1918 of about 55 feet above sea level to a projected low in 1936
of about 20 feet (pl. 6). Thus, if the water levels had continued to

decline after 1936, the. hydlauhc gradient would have decreased

gccordingly. Ultimately, when the hydraulic gradient approached
zero outfow would also approach zero. In order for this te 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 1evels however, this possibility was averted when water levels
began to rise in 1937.

Thus, ground-water outflow has ranged from a maximum of about’

16,000 acre-feetin 1918 to a minimum of about 9 ,500 acre-feet in 1936.
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outflow amounted to about 16,000 acre-feet 'a year (fable 11), and
pumpage was possibly about 20,000 to 30,000 acre-feet a year. Thus,

. discharge by overflow and evapotranspiration losses must have made

up the difference and Would have been about 80 000 to 40,000 acre-
feet a year.

Perennial flows in Green Canyor and ‘in the Santa Malla River
totaling approxmately 40 to 50 second-feet would have been neces-
sary to dispose of*the excess recharge. As was mmentioned, flows in
both channels were reported by residents, but unfortunately the
magnitude of the flows was not known by them.. If such large yeatly
flows were discharged atf, the surface, a considérable portion would
have been lost by evaporation and transpiration (p. 93). However,
the discharge by overflow ahd evapotranspiration cannot be divided.

Overflow and evapotranspiration losses have not taken.place since
the depression of the water table in the mid-twenties. Therefore, no
estimates are included in table 12. It is certain that neither form of

_-discharge will recur as long as the water table remains at or near the

levels induced 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 uses which otherwise would have been lost. .
ESTIMATE OF TOTAL DISCHARGE

. The estimate of total discharge from. the main water body includes

the discharges by net pumpage for irrigation, discharge for other uses,

: and ground-water outflow to the sea (tables 9, 10, and 11, and p. 96).
. These data have been assembled for the 16—year perlod 1929~44 &11d

With the subsequent rise in water levels and increase in hydrauhc_
gradlent from 1936 to 1944 it has i increased to nearly 13,000 acre-feet a.
year. For the intervening years not shown in the t&ble outfiow has

are-shown in table 12

. T@BLE 12.~—Est7,mates of total' yearly discharge from the main water body, 1929-44

been estimated for years when there were sufficient water-level data .
and interpolated for the remaining years. - The total outflow for the Vear - e Year L
16-year period 1929-44 is estimated to have been about 180,000 acr e- ' (pore-feet) (acre-fest)
feet, or to have averaged slightly more than 11,000 acre- feet 8 year: 1999 o 57, 500 69, 500
ESTIMATES OF DISCHARGE BY GROUND-WATER OVERFLOW AND EVAPOTRANSPIRATION = - %838 ................... 58, 900 77, 800
Discharge by ground-water overflow can be very roughly estimated- 19320 L CTCLIUIIIIIIIIIT gg 388 82‘ 388
. . . 1
for the years around 1918, These estimates include any -evapotran iggi--—~—————--*—-—--77— , g§, 288 74, 500
piration losses that may have occurred ab that time. During the 14- T I - (11 78,000
year period 1905-18, _rainfall was above average, and as a result a’ 1986...- T 62,800 1| - Total oo e ‘1, 016, 200
_:"1937__-. _________________ 82, 100 16-year average. ... 63, 500
considerable quantlty of recharge was supplied ‘to the main water L - 63, 300 o o8

body. Recharge undoubtedly was greater than during the years of
below-average rainfall, 1929~ 36, but probably was less than that 1
the extremely wet years, 1937—44 (p. 83). If an average yearly.
recharge of about 80,000 acre-feet is assumed as reasonable for the.
period 1905-18 (p. 126), then the distribution of discharge Tor the years

around 1918 can be roushly annroximated as follows: Discharsa hv!

Total yearly discharge, which probably increased steadily” during
the twenties, reached a peak in 1831, decreased slightly to 1933, then
gemerallyamcereased steadily to 1944. Thus, the minimum of record
- was about 51,600 acre-feet; the maximum was about 78.000 sare-feat,
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© Because the net pumpage for irrigation has composed about 75 per-

* depth-to-water measurements in 71 observation wells. The agencies:

and the 16-year average was about 68,5QO acre-feet. The relatively - -
high discharges in 1939 and 1940 were due in part to the. relatively
low rainfall and consequent increase in net pumpage for irrigation.

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 o
Tn the Santa Maria Valley area six agencies have made over 4,500 -

and their span of record to date are the city of Santa Maria, beginning
September 1917; the Union Oil Co. of California, beginning March
1920; the San Joaquin Power Division of the Pacific Gas and Electric
Co., 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, there are frag-
‘mentary records by owners, well drillers, and pump agents. All these
records have been assembled and released to the public in published
reports by the Geological Survey (La Rocque, Upson and Worts, 1950, -
Meinzer, 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). ‘ : S
Tn any area, records of water-level fluctuations in wells are of inesti-,
‘mable value to the hydrologist for the interpretation of the.past and
present hydrologic conditions. The records . collected in the Santa
Maria Valley area showed several types of fluctuations pertaining o
the conditions or forces at work in the main water body, as follows:
techarge from streams, recharge from rain, pumping, and moving
load on the land surface. The first three types may be cyclic and
commonly produce a yearly or seasonal . effect—differences among
which, in part', serve to identify the cause. The fourth operates
momentarily and has no large effects. The several types of fluctua-
tions are discussed in the ensuing pages. - S
Tigures 3, 4, 5, and 6 show fluctuations of water level in 13 selected
wells'in the Santa Maria Valley area: The hydrographs of the wells
shown on figures 3, 4, and 5 are in the intake area, and those on ﬁg.}iré
6 are in the area of confined water. The locations of these wells are

shown on plate 1.
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FiGURE BL—Flugtuations of water levels in three wells adjacent to streams in the intake area, 192644,
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ﬁ‘LUCi‘UATIONS O_é.LUSDD BY RECE'_ARGE VI’ROIVI STREAMS

Because the water table nearly everywhere is far below the channels
of the-Sisquoc and Santa Maria Rivers, seldom, if ever, is there any-
‘Thiydraulic continuity between water in the channels and the main
. water body (p. 79). Thus, the levels in wells always rise n response
. to recharge from the two rivers but have never been known to fluctuate .
D& accord with river stage.

‘Strearmn flow, and hence recharge from the rivers, commonly 18
hxmted to the G-month period November through Aprll each year;
-and during the remaining 6 months channels of both the Santa Maria
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g y f f > p and lower Sisquoc Rivers are usually dry. Accordingly, the response
1AL / B : of water levels to stream recharge is.cyclic in nature. Furthermore,
. > 7| Y > B ‘the magnitude of the rise each year is dependent upon the quantity -
2 i itslB *é .of recharge. Dulmg vears of low mecharge small rises occur and, of
,‘ T \ o * course, the converse is also true. .
B 7 ¥ > ' > é In the intake area thé rise is due directly to the increase in sL01ed
. £ g ‘.‘/ ;:’ _water and represents actual saturation of the deposits, “fl}erﬁas 1
o 3 the area of confinement the rise is due solely to the increase in head
) { P in the adjacent intake area. Also, both in the intake area at some
’ \ | distance from streams and in the area of confinément there is a con- -

3 || 3 siderable time lag in the.response of water levels to river recharge.

+ ,\} : ; Hence, the fluctuations in each are discussed separately.
3 ' / < . Pluctuations in the intake area.—Wells along the river in the. intake

| 2 area are the first to respond to each year’s recharge, and without
. ," \ % excéption they have larger rises than those in any other part.of the
2 / . / 2 ~area. The hydrographs of wells 9/32-7N1, 9/33-2A1, 10/33~28A1L,

, ' ! »z 'V‘IO/o4~2R1 and 11/34-30Q1 (figs. 3 and 4) show the character of the
B - | g rises, They show that during years of substantial recharge there is a
L3l B L3 E steady, uninterripted rise of water levels during the winter months of .
sl ¥ i P s g - edch year, and that the net rise is roughly proportional to-the quantity
IR H T -of recharge. IFor example, in 1941, the year of greatest recorded
] g ,4' 3 I P;{ E ‘recharge (table 7), the hydrographs of wells 9/32-7N1, 9/33-2A1,
as § . g E 10/33-28A1, 10/34-2R1, and 11/34-30Q1 show net rises of about 25,

0, 85, 35, and 30 feet, respectively. A 1el&t1ve1y small and mdeter~
minate part of these rises was due to infiltration of rain and recovery
f water levels at the close of the summer pumping season. On the
ther hand, m 1940, a year of relatively small recharge, the hydro-
-graphs of Wells 2A1, 28A1, and 11/39-30Q1 show net rises of only
bout .3 feet, and Wells 9/32—7N1 and 10/34-2R1 show slight net
.declmes The net declines were due either to the fact that the deple-
‘tion of storage by natural drainage exceeded the 1ech&rge, or to local
: pumpage or both.
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In wells progressively farther away from the river, the water levels
respond to recharge from streams in much the same manner, but the
rises are progressively smaller in magnitude, occur at slower rates,
and are interrupted or partially masked by summer pumpage. These

features are shown most clearly by wells 10/33-19B1 and 10/34-14K3

(fgs. 4 and 5), which are more than a mile from the river. In 1941
the water levels in these wells rose.24 and 18 feet, respectlvely, which
was somewhat less than those near the river; did not reach their
peaks until 6 to 12-months after the levels in wells near the river;

and rose at rates of 3 and 2 feet per month, respectively, for 8 months

compared to an average rate of rise of 8 feet per month for 4 months

in wells near the river.
- Thus, each year’s rechaige travels.away from the river as a mound:
The mound probably registers in large part the transmission of head

. rather than the actual movement of water (Tolman, 1937, p. 241).

However, in this report it is referred to simply as the recharge mound

.because in either case the effect on water levelsis essentially the same.
Water-level contour maps for 1941 dnd 1942, drawn for study purposes,.

show that, the recharge mound which developed from river seepage
loss in 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
plain. 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 the ground-water
trough beneath the southern part of Orcutt upland, as shown for the
spring 1942 (pl. 5). However, its effect on water levels in this area
was pr obably masled by infiltration of rain.

During years of average recharge from streams the mound probably
does not extend far beyond the southern edcre of the plain, and duridg

vears of below: avelage recharge it probably does not move even

that far south.
Tluctuations in the area of conﬁned water.—An Increase in gr‘ound—

water storage by recharge from streams in the intake area, as was:
explained above, results-in a'rise of water levels. This rise mncreases :

the head of water in the underlying formations, which farther west
are confined beneath the upper member of the alluvium. This in

crease i head, in turn, is reflected by a rise of the water levels in:,
wells. However, because the boundary between the two areas Is .
gradational, and because, as was indicated previously, there is a con-

, mderable time lag in the movement of the stream-recharge mound
southward across the plain, this transmission of head is a slow process. -
These relationships are best illustrated by .a eopparison,«<f ifber

hydrographs of wells 11/34-30Q1 (fig. 4) in the intake area and 10/35—
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12M1 (fig. 6) about a mile Wltbm the area of conﬁned water. In
well 10/85~12M1 the principal rise after the 1941 recharge did not
culminate until the winter of 1942, and thereafter the annual peals
rose slightly to 1944; whereas in. Well 1¥/34-30Q1 the peaks declined
slightly from that of 1941

The lack of pronou_uced rise in well 10/35-12M1 in 1941, in 1esponse

. to the large recharge of that year, is probably explamed by the fact

-that the recharge mound moving southward from the river in the
intake area did not reach the inland edge of confinement east of this
well until -mid-summer, and -that it was 'dampened by summer
pumpage :

The rise in well 10/35-12M1 from October 194;1 to April 1942,
which amounted to over 10-feet, cannpt-be traced to recharge in the
winter of 1941-42, because the hydrograph of well 11/34-30Q1 shows
no appreciable rise in the spring of 1942. *Thus, the rise of water -

40 Jevel in well’10/35—-12M 1 in 1942 must have been due primarily to the

general rise in the water table in the intake area resulting from the
largé recharge in 1941. In well 11/34~30Q1 even the sumamer levels in
1942 and in later years were about 15 feet higher than in preceding
years; and this rise is somewhat greater than but similar to the rise
in the range of fluctuations in well 12M1. The hydrographs of wells -

- 10/35-7F1, 11/35-20E1, and 11/35-33G1 (fig. 6) all show the same
features. The peaks to which the water levels might have risen in
~wells 7Fl and 20B1 could not be ascertained because both flowed for

sevelal months in the winters of 1942—44 and measurements of static
head ‘were not made. The peaks were probably somewhat lower

“ than i well 12M1.

Therefore, 1t is concluded that a recharge mound leaving the river

7 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 levels along
" the greater part of the inland boundary of confinement. The time
‘lag juvolved is from 6 months to a year, and again the amplitude of
- rise is directly proportional to the quantity of recharge. Thus, even

in the area of confinement the effect of river recharge decreases as the

“distance of the wells from the area of river recharge increases.,

FLUCTUATIONS RELATED TO RECHARGE FROM RAIN -

. The relatively small quantities of recharge by infiltration of rain
- usually cannot be identified in the hydrographs of wells in most of
the intalke area because the response of water levels to rain is over-
shadowed by other _larger responses, such as those to recharge from
streams and to recovery from pumping. Nevertheless, in each season’s
rise of water levels in years when the rainfall is greater than about 12
ridolies)there arust be some 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. Fﬁrthermore,

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 9/34—3N3 (fig. 5) rose about
6 feet. Assummg a specific y1e1d of about 16 percent (p. 119), dnd
'1echa1ge from rain in-1941 as about 1 acre-foot per acre (table 6), ths
rise of water level from that recharge alone would have been about §
feet. Thus, it is believed that the rise was due largely to rainfall and
'pelhaps partly to the decrease in pumping rate.
of the rise may have been due to river recharge in 1941. The quality
of water in this area indicates, however, that recharge is pllm&lﬂy
from the infltration of rain’ (p. 137).

Tsolated measurements in wells 9/33-15D1 and 11/34-19R1 show ;-

net rises from the mid-thirties to 1944 of about 15 and 6 feet, respec-
tively—a rise which is believed to be due.primarily to recharge from

Conceivably, a part -

rain. In the minor water bodies in the Orcutt and Nipomo uplands

(p. 74) water levels are reported to rise in years of above-average
rainfall and to show little or no rise in years of below-aver age 1a1nfa,11 o

I‘LUCTUATIONS INDUCED BY PUMPING
Pumpmg of ground water for all uses in the Santa Maria Valley

area has a considerable diurnal as well as seasonal fluctuation—most |

pumping being in the daytime, and most of it'in the summer. The
resulting variations in draft on ground water produce daily and .
Because pumpage for- .

seasonal fluctuations of water levels in wells.
irrigation constitutes the bulk of the draft its effect is the most pro-

nouniced. The letigth of the pumping season is dependent to a large
degree upon the distribution and intensity of rainfall, but in general *

about 90 percent of the pumplng occurs during the 7-month period

- April through October; the remaining 10 percent takes place dmmg the :

winter nionths,®

Seasonal fluctuaiions—In contrast to the general seasonal rise of

waterlevels in wells due to recharge éach year, thereis a eorrespondmg~

seasonal decline of water levels due mostly to discharge by pumpage

However, -
an undetermined part of each year’s decline is due to thé continuous -
process of natural depletion of storage by the westward dr alnage of -
As a result of the staggered periods of yearly recharge
" and discharge the hydrog1 aphs of wells show an oscillation somewhat, ,
Late each spring water levels in-most wells'
begin to decline abruptly as pumping for urlgatlon begins; generally -
Neturaﬂy the‘re‘sponse ’

during the late spring, summer, and early autumn months.

ground water.
analogous to a sine curve.

at about the same time throughout the area.

pL Llppmcot‘c J..B., Report on water conservatxon and flood control of the.Santa Maria Rlver in Santa
Barbara and San Lu.zs Obispo Counties, Calif., March 1931’ (unmpublished report avaﬂable o the pubhc at
the offices of the County Planning Commission, Santa Balbara Calif,), - . .

‘11r1gat10n begins each year.

1 1033-1951 and 10/84-2R1 in the. vears 1943 and 1944."
~ the south side of the plain show normal spring rises and summer de-
" clines only because the rechaige mounds reach. this area almost 1 year

| GROUND-WATER RESOURCES [ 107
18 most noticeable in Wells In the heavily. pumped areas of the Slsquoc
and Santa Maria plams . Elsewhere the response varies principally
with the distance of wells from these heavily pumped areas.

In the intake area water levels in wells adjacent to the rivers usually
closely approach or occasionally reach their peaks before. pumping for
Consequently, in these wells the dechne
of water levels due to pumping is not appreciably masked by river

f - recharge as in the case of water levels in wells farther awsy. During
" the 4-year period 1941~44, when monthly measurements were made in

most observation wells, the hydrographs of wells 9/32-7N1, 9/33-2A1,
10/33-28A1, 10/34—2R1 and 11/34-30Q1 (fgs. 3 and 4) showed
declines each year which averaged about.7, 8, 13, 11, and 9 feet, re-

spectively, ~Most of these wells sho'w that the water levels reach their
lowest stages near the end of each year and sometimes®not wuntil
January or February of the following year. In years of small recharge,
such as 1939, the hydrographs show that in general water levels

. continued, to decline after Feblualy and thloughout the remairider of

the Jear..

In theintake area eway flom the river the deo]me of water levels
each year in respohse to- pumpage is greatly dampened. or is-even
nullified by the delayed recharge mound frém the river. .The hydro-

'gmphs of wells 10/33~19B1 and 10/34-14E3. (figs. 4 and 5) show that

in 1941, instead of declining, water levels rose rapidly from about
April thloughoilt the period of concentrated pumping. This same
characteristic was noted in other wells in the same area, and also. for -
other years of large recharge, such as 1938. Tn fact, water levels in

- some wells in this area are occasionally at their 1owest stage in Feb-
- ruary ‘and March, when wells along the river are approaching their

peaks. This is shown by a. comparison of the hydrographs of wells

Wells along

late and, therefore; do not mask the pumping decline.
In the heavily pumped portion of the Orcutt upland ﬂuetuamons of

‘water levels in response to pumping are dlﬁerent from those elsewhers
. in the area.
‘ 9/34—3N3 9/34—8N4 9/34-10M1, "and 9/34-10M2 are . all publ1c~ '
- supply wells and are necessanly operated during the entire. year.
" Because summer pumpage is greater than winter pumpage, water
levels show some. variation,
. are best ﬂlustr&ted by the hydrograph of well 9/34-3N3 (fig. 5) which,
" except durmg winters of large recharge, shows exceedmgly small varia-

.This is due to the fact, that wells 9/34-3N1, 9/34-3N2,

The fluctuations induced by pumping

tions in water levels between ‘winter and sumimer, amounting to only

1to 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 begms usually in April, reach their

lowest stages at the height of the pumping season in July, August, or -

September, and start to rise rapidly thereafter as pumping decreases.
The imroediate rise or decline of water levels in  response to
pumping conditions is due pnmarﬂy 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 through-
out the artesian system is rapid, and water levels drop.” At the close
‘of the pumping season just the reverse tales place.

The close correlation between pumplng schedules and water-level
fuctuations in the area of confinement is best shown. by the hydro-
graphs of wells 10/356~ —~7F1, 10/35-12M1, 11/35-20E1, and 11/35-33G1
~ (fig. 6). These hydrographs show clearly the start, height, and termi-
"nation of the pumping season as outlined above. During the 4-year
period 194144 the seasonal drop in water levels has averaged about

8 feet each year. This uniform amount of seasonal decline may be
"due to the fact that pumpage during each of these four years has been
of about the same intensity and duration.

Drurnal ﬂuctuatwns —The diurnal fluctuations of water levels in
"response to pumping in the intake area differ considerably from those
in the area of confinement. The records from recorder charts and
float gages of well 10/33-27K1 in the intake area and of well 10/35-7G3

in the area of confinement are compared to show the effects of pump-.

ing in the two areas on the daily fluctuations.

Well 10/33-27K1 is about 300 feet from irrigation well 10/33-
97K2. During each day of a 150-day périod 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 dowax,
#or a total net decline of 12.61 feet during the entire period. Further-
more, there was a lag of several hours between the time pumping

started and stopped in well 27K2 and the time when the water 1evell

in well 27K1 responded.
Tn the area of confinement, on the other hand, the record of WeH

10/35-7G3 shows an entirely different response to daily pumping in

irrigation well 10/35~7G1, which is only 250 feet distant. Well 7G3
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 fluctuation. Also,

when irrigation well 10/35-7G1 was started and stopped the r@soonse

in observation well 7G3 was abrupt.and almost instantaneous.
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Another feature illustrated by comparing hydrographs for wells in
these two areas are the diurnal fluctuations produced in the observa- .
tion wells by pumping in distant wells. In well 10/33-27K1 only 2
barely perceptible diurnal ﬁuctuatlon ‘usually less than 0.02 foot, was

_ noted when either of .the-irrigation Wells 10/83-27L1 and '10/33-27G1,

which are both about 800 feet distant, was pumping. In contrast,
diurnal fluctuations of over 2 feet were observed in well 10/35-7G3
when irrigation well 10/35-7F1, which is over 1 400 feet distant, was
pumping.

These marled . dn‘ferences in response of water levels to pumping in
these two areas support the inference that the seasonal fluctuations in
the intake area are due to the composite effect of recharge mounds,
which tend to give high levels in winter, and withdrawals by pumping
augmented by natural'depletion, which tend to produce low levels in
summer. These fluctuations represent changes in the amount of
water in storage. On the other hand, the fluctuations in the area of

_confinement represént pressure Changes but essentially no unwatering

of the deposits or changes in storage. In the area of confiriement some
small changes in storage actuelly do take place (Wenzél, 1942, p. 99),"
but they are so insignificant when compared to’ the changes in' the.
ntake area that they are not considered in this report.

FLUCTUATIONS CAUSED BY A MOVING LOAD. ON THE LAND 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 investigation in Sants  Barbara County. Similarly,
Stearns (Stearns, Robinson, and Taylor, 1930, pp. 148-150, figs.
20, 21) observed rises of between 0.01 and 0.03 foot.in certain wells in
Mokelumne area, California; and Jacob (1939, pp. 666-674) ‘made an
intensive study of this type of fluctuation ‘on Long Island, New York.

In the Santa Maria Valley area fluctuations caused by passing trains
were observed in well 11/35-33G1, which is in the ares of confined -
water and 58 feet from the Southern Pacific railroad. The well
penetrates the full thickness of confining material, constltutmg the
upper member of the alluvium, and is reported to penetrate thé main
water body for a depth of over 30 feet. -Figure 7shows the fluctuations

- of water level before, during, and after each of two trains passed on
~March 7, 1946. The general declin€ of water level in well 11/35-33G1
.. during the period of observation'is due to pumpmg flom a nealby
*irfigation well.
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The first train to pass was & slow-moving freight, and the sécond,
about 30 minutes later, was a fast-moving passenger tr.am. The
effect on the water level in the well, as determined by individual tape

measurements, seems not to have been the same in each case, but might
have been found to be essentially the same had measurements been . -
spaced more closely, The fluctuations of water level caused by the -

passing of the freight train seem to fit closely the explana,tiop given
“by Jacob (1939, pp. 672-673, fig. 6) for the fluctuations in certain wells
on Long Island. :

The water tapped by well 11/35-33G1 is confined, and the aquifer °

is assumed to be elastic. Under these conditions, and in accord with

- Jacob’s explanation, the fluctuations can be explained as follows.  As’
the train approached the vicinity of the well the extra load on the

confining bed caused an increase of pressure in the aguifer, resulting

in a rise of water level in the well. With the passing of ’the train the
load remained about constant for a time, but as the aquifer was com-

‘pressed under the extra load, water was driven laterally and most of

the train’s load ultimately was supported almost entirely by ‘the
' Hydrostatic pressure then returned toward normal, and tl}e'
" water level in the well approached normal level. Assoon as the train
had passed the vicinity of the well, the excess load decreased, ‘t}_'t'e»v,
aquifer, being elastic, expanded; and for a time the_hydrostat;c.l
pressure in the aquifer was negative, resulting in a detline Of'W.E,LiGBr;
level in the well below normal level. As the water returned with

aquifer,
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the expansion of the aquifer to its original shape, the hydrostatic
head approached normal and the water level in the well returned to
its normal ,position.‘ '

4.~ - THE RELATION OF.NET CHANGES OF WATER LEVEL TO NET
o4 T CEANGES IN STORAGE

In the foregoing paragraphs the types of water-level fluctuations
4 Thave been discussed from the standpoint of their causes, such as
; recharge and pumpage, which produce rises or declines most readily
‘apparent over short periods of a few days or months. Because these
;. causes also operate Intermittently or continuously, they produce a,
* composite effect which may result in a net rise, net decline, or no changs
~ in water levels over any particular period. In the intake area these
net changes represent net changes in the amount of water in storage
in the main water body. For example, over a given period if the
total recharge is greater than the total discharge the difference goes
“into storage in the basin, and water levels show & net rise; if recharge
1s less than discharge the difference is taken from storage and water
levels decline; and if recharge and discharge are squal, water levels
show no net change. Because there have been relatively long periods
~ of both-above-average and below-average recharge, these net changes
have been most pronounced over long-term periods. '
- Figure 8 shows fluctuations of water levels in the two: wells baving
-~ the longest record in the area and their relation to rainfall at Santa
Maria. The continuous record of ‘fluctuations. in well 10/34-14E3
began in' 1917, and in well 9/32-7N2 in 1920. Prior to 1918 few
- Tecorded data are available, but enough reports and records were
_obtained from owners and well drillers in the course of the mvestiga-
“tion to determine im a general way the major fuctuations that took.
~place in well 1483 from 1903 to 1917. - For example, the measure-
,ment for the year 1903 is based oz 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 Lippincott’s report. 't _

- The indicated decline of water level between 1890 and 1903 is based
partly on reports of early water levels and partly on the remainder
“of the recorded fluctuations. Prior to 1883, according to Magon
" (1883, pp. 312-313), flowing water was obtained at g depth of 110
feet in and near Guadalupe; and in about 1880 water was obtained
-on.the’Ranecho Punta dela Laguza (pl. 1) at depths of 20 to 60 feet.
~Thus, there must have been a net decline between 1880 and 1907 of
at least 20-feet at Guadalupe and possibly *of more than 30 feet in
the Rancho Punta de la Laguna. (See pl. 6.) From these data, and
rom, the general parallelism of the hydrograph with the curve for

W Lippincott, J. B., op. cit., diagram No. 3; 1831,
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accumulated departure of rainfall, the hydrograph of 14E3 is
extended back to an estimated depth to ‘water of 50 feet in 1890.
Not only is this partly reconstructed record the longest available, but
also” the well is near the middle of the Santa Maria plain and within
the pumped area.. - Although the records show that fluctuations in
- wells near the central part of the Santa Maria plain 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 fluctu-
ations within the valley area as a whole. _

Study of the fluctuations of water level in well 10/34-14K3 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 water level, indicating increase
in storage, and two periods of declining water level, indicating decrease
in storage. Second, the long-period changes of water level, and hence
storage, have been genera]ly.proportionaf 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, during the period 191844, pumpage has apparently been suffi-
cient to modify considerably the natural fluctuations of water level,

* In ensuing paragraphs the long-term fluctuations are discussed accord-
ing to four main periods of water-level change; namely, the period

1890-1904, of declining water level;. 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 period 1890-1904
was one of below-average rainfall (fig. 8) , and hence below-average
recharge. - During the first 8 years of the period essentially all ground-
water discharge was by natural processes. . Doubtless there was not
only maximum discharge by ground-water outflow (p. 96), but also a
considerable quantity of dfscharge by ground-water overflow. After:
1898, pumpage began to extract limited quantities of ground water.
This pumpage, ‘together with deficient rainfall, evidently caused a -
decrease in storage during this period. The net decline of water level
_ may have amounted to as much as 45 feet at well 10/34-14E3. Had

there been no pumping during the latter 7 years of the period, the
decline. would have been somewhat less, but the exact amount cannot
- be ascertained. o ' o

Net rise during the period 1905-18.—The above-average rainfall
‘from 1905 to 1918, which is best illustrated by the graph .of accumu-
lated departure from average rainfall for that.period (fig. 8), produced
above-average quantities of runoff in the Santa Maria and Sisquoc

Rivers. Cppsequently, storage increased during this period because
+ recharge from all sources exceeded natural and artificial discharge.
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The increase caused a net rise in water levels which amounted to
about 40 feet in well 14E3. On December 22, 1918, the water level
in well 14E3 stood only 58.87 feet below the land surface—the highest
on.record. Itis 1eported that water levels in other Wells also reached
their highest stages.in this year.

The area of flowing wells at the west end of- the plarn extended
farthest eastward in 1918 (pl. 5). Increased pumpage and ground-
water outflow together, however, apparently were insufficient to
prevent the natural increase in ground—water storage and the. accom-
panying rise - of water levels. Consequently, along ‘the eastern
- boundary of confinement the water level-in 1918 stood only about

15 feet below the surface of the Santa Maria plain, 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 water levels, and the pumps had to be raised in those wells

not. already abandoned. For example, it is réported that in 1918 or -

1917 a pump near well 14E3 was covered by the rising ground water.

It was necessary to send a diver down to unbolt the submelgecl pump '

and to raise it above thée water level in the pit.

Net decline during the period 1919~36.—~—The favorable period of in~
creased storage which reached a peak in 1918 wis followed by an 18-
" year period in which water levels declined rapidly, and storage:

reached its historic low in 1936. The general area-wide conditichs
. are best shown by the water-level contours for that year (pl: 5). Theé

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 total net
decline of 74.02 feet. In the Sisquoc valley the water level in well
9/32—7N2 declined from 52.7 feet below the land surface on May 11,
1920, to the lowest of record of 99.7 feet m January 1935—a total
decline of 47 feet.

this period.

The relatively rapid decline of Water levels during the 18-year -

period can be directly attributed to two major causes. * First, rainfall
was cohsiderably below average (fig. 8) and therefore recharge Was‘
small - (table 7).

pumping for irrigation (tables 8 and 9). Thus, from 19_419' to 1936
natural discharge -plus the increased artificial discharge were con-
siderably in- excess of the below-average recharge. Consequently, a
steady depletion of storage occurred, accompanied by a lowering of
water levels throughout the area.

decline averaged: over 4 feet per year,

In those wells which have shorter records (fgs. -
3—-6) the water levels all showed stmilar cleelmes 1 the latter part of

Second, the introduction of vegetable farming in:
the early twenties greatly increased the withdrawals from storage by .

In well 10/34~14E? the rate of

il e s et b T el
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The economic eﬂt'ects of the dechne in water levels were widespread.
Tn 1918, when there was a relatively large area of artesian flow from
wells, most wells at the west end of the valley were equipped with
oentrrfucral pumps: As the area of fow contracted owing to the de-

_ crease in head, pumping levels - fell below the physical reach of suction

pipes, and deep—well turbine pumps had to be installed, In the
intake area, where most wells were equipped with deep-well turbine

- putps, pumping levels locally fell below the bottom of suction pipes—

a condition which necessitated the lengthening 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 pumprng 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 favorable seaward gradient and thus
a movement of ground water in that direction (pl. 6), The hydlo—
graph of well 10/35~7F1 (pl 8) also shows that the water levels near
the coast clmlng this critical period ‘were. above sea level. Ther efore,
even during this period of lowest water levels, there was suiﬁcrent
fresh-water head to prevent encroachment of sea water into the range
of thickness penetrated by wells. Hovwever, there, theoretically was
encroachment into the basin. at depth (p. 138).

Net rise during the period. 198744, »—I“ollowmg the 18-year penod of
below-average rainfall and the consequent depletion of storage, water
levels throughout the area rose from the historic low of 1936 to rela~
tively high elevations in 1944 in response to a period of above- -average
rainfall and recharge. - The rise took place even though there was a
steady increase of pumpage (tables 9 and 10). The water level in
well 10/34~14153 rose from 132.69 feet below the land surface (lowest

level of record) to 95.40 feet on March 12, 1944—a total net rise of

37.29 feet. However, the water level in ,March 1944 was still 36.73
feet below that of December. 22, 1918, and was about the same as the
reported level in 1903. Similarly, the water level in well 9/32-7N2 in_
the Sisquoec valley showed & net rise of 49.5 feet, from 99,7 feet below
the land surface in Janu&ry 1935 to 50.2 feet at the end of 1940,
slightly above the. previous high level of 1920. The hydrographs of
other wells (figs. 3-6) whose records-are; considerably shorter than those

_of wells 9/32-7N2 and 10/34-14E3 show, declines of water levels to
_ about 1936 and a subsequent rise into 1944.
the levels in the years 194144 are “She highest of record simply because
" their records do not extend back far enough to indicate the early
- conditions.

In most of these wells

- Plate 5 shows. Watel—level contours f01 the main water body during
the period of low water levels 1 1936 and in the spring of 1942. The
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net rise of water levels is cleérly indicated by the comparison of con-
tour lines in these two years. Furthermore, the plate shows that the
area of flowing wells increased substantially from about 1 square mile
in 1936.to more than § square miles in 1944 but was considerably 1ess
than the maximum area of flow in 1918.

Thus, the net rise in water levels dwring the period 1937-44 indicates . - o

an over—aﬂ net increase in storage in .the intake area during this

period. Storage beneath the Santa Maria plain may have been about’

equal to that of 1903 or 1907 (pl. 6) but was considerably below that
of 1918; and in the Sisquoc valley, where pumpage is-small, the water
levels mdlcate a net increase in storage about equal to the net deple-
tion in the years 1920-36.

The stage of Guadalupe Lake app&rently has varied consider ably

during the past 3 decades. It isreported thatin 1918 the lake surface
wag 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 elevatlon of the -

lake surface corresponded roughly to the elevation of water levels in
levels in wells 10/35-26K1~10, situated on the lake shore, thus indi-
cating a hydraulic continuity with the main water 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 the area.

Significance of long-term net changes.—Thus, it is believed that under

natiural 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

pumpage, 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 11 years prior 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, - Coupled with and
augmented by deficient’ rainfall, the increased discharge caused a
progressive and large decrease of storage into 1936. . In the period
1936—44, one of above average rainfall, although discharge was 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 dynamic balance
established between natural recharge and total dischaygs dwasieuch

that water levels ever since have fluctuated at levels considerably "
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below those that would have prevailed under natural conditions.
Consequently, it is believed that water levels will continue to fluctuate
in accord with protracted wet and dry periods, but that the amplitude
of the fluctuations will be greatly modified by the pumpage at that

time. With an expected increase in pumpage, .during protracted .

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
amounts of storage change can 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 precedmg section that over periods of
vears net changes in water levels accompany net 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 estiinated for any period simply
by taking the difference between total recharge and discharge for the
period. However, because these totals themselves are in pa,lrt esti-
mated, it is desirable to derive estimates 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 zone of water-

- table fluctuations, applied to the net change in water levels.

) USE OF SPECIFIC YIELD
. BSTIMATE OF SPECIFIC YIELD °
The specific yield of ‘'a rock or soil with respect to water is usually

expressed as a percentage derived by dividing (1) the volume of water
which a 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 fleld, 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-
bealmg deposits in the zone of water-table fluctuations in the Santa

it Wialleyoarea 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 BEckis (1934, p. 109, table §) in southern California. It is
based on the relative volumes of gravel, sand, and clay that lie within
the zoue of water-table fluctuations, taken in conjunction with ad-
justed values of specific yield for each type of material as determined
in other areas. This method was selected primarily because of the
wide lthologic variations that exist between' the different water-
bearing formations and within each formation itself. Ultimately, 1f
desired, the estimates could be refined by extensive pumping and

laboratory methods which, however, are beyond the scope of this

investigation.
The formations underlying the Santa Maria Valley area and in

which the water-level fluctuations have occurred primarily are: the

coarse-grained lower member and the Jower part of the upper member
of the alluvium beneath the Sisquoc plain and the intake area of the
Santa Maria plain; the Orcutt and Paso Robles formations and locally
the Careaga sand beneath the upland areas, and the relatively coarse
grained terrace deposits along the north side of the Sisquoc. valley.

TFor these deposits there are seven terms commonly used by well L

- drillers 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
“oravel and sand” mean about half sand and half gravel; and the
term is therefore evaluated accordingly. However, material described
as “gravel and clay”’ and “sand and clay” are both considered as

“clay” because 1t is believed that the pore spaces between the sand-

grains or pebbles are largely filled by clay, and hence the specific yield
of these two types of material would approsch that of ¢lay. Because
the term ‘'silt” is commonly used to designate very fine sand and

clay, material thus designated is also classed as clay. Therefore, the
seven types of material as distinguished by well drillers are in this-

report divided into three main classes: gravel, s_and,‘ and clay.

Naturally, there is a considerable range in the specific yield of the
gravel, sand, and clay, depending on grain size, degree of sorting, and:

. the terminology of the individual driller, 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 satisfactorily. The values
used for specific yield are: for gravel, 30 percent; for sand, 20 percent;

and for 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.
Y,

To obtain the relative volume of the three types of matesial ofjer-
250 well logs were carefully examined, and for each log the footags

relative areal extent of each subarea.

-2, Parg of_l?'anta Marig‘ plain 10 to )
, 13 miles west of Fugler Point_| ‘9,600 | 65 23 41 ]
3. Orcutt, Nipomo, and midor up- ' 38 158
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of gravel, sand, and clay in the zone of water-table fluctuations was
determined;” Owing to the wide range in footage ‘of. each type of
material from one part of the area to another and, furthermore, becauss
the footage of each type varied, in general, according to the areal
distribution of the water-bearing formations, it was found advisable
to divide the area into three subareas, each containing generally the
same types of material. The three subareas are as follows: the
Sisquoc plain and the terrace to the north and that part of the Santa
Maria plain from 0 to 10 miles west of Fugler Point; that part of
Santa Maria plain from 10 to 13 miles west of Fugler Point, or-to

'} the edge of the artesian area; bind the Orcutt upland; the southwestern

part of the Nipomo upland, and the dissected upland area south of

the Sisquoc plain. -Within' each subares the logs showed approxi-.

mately the same percentages of gravel, sand, and clay. The per-
centages thus derived are believed to be representative of the total
quantities of the three principal classes of material distinguished: in
the zone of water-table fluctuations in each subares. -

The following table shows the extent of each subarea, the number
of well logs, the percentage volume of each class of material, and the
calcitlated specific yield of the material in the zone of water-table
fluctuations. For each subares the figure for specific yield of the
material is the. sum of the products of the specific yield of gravel,
sand, and clay times, the percentage volume of each. The average
specific yield for the whole aréa. is weighted in proportion to the

* Estimates of the specific yield of water-bearing materzals within the zone of water-

table fluctuations in the Santa Maria Valley area

Num- Percentage volumé Spebiﬁc
-+ Area ber of : - i
Subares (acres) well Tl

logs .; Gravel || Sand Clay cer?ts

1. Sisquoc plain, terrace. to . the |-
north, and part of -Santa’
Maria plain 0 to 10 miles | . .
west, of Fugler Point._...._._{ 21, 900 136 44 39 17 | 218

land 8088 -~ nmoooe e 50,000 | 80| 30| 21| 49 156

Total for a_reé--_‘ _________ 82, 400 |- 281.} Weighted a%reré.ge 112

’?he specnic yield differs considerably from one subarea to another.
It is high wheh! the percentage of gravel is high and that of clay is

..',.'_J‘.."" - - . . )
,lo‘w) endl/wice versa. In general, the weighted average specific yield
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for the area isrelatively high because, in all subareas, the percentage.

volume of clay is less than 50 percent of the total.

AFPLICATION TO WATER-LEVEL CHANGES TO OBTAIN BTORAGE CHANGES

If water levels change uniformly tbroughoiltg the intake area, the
net changes in storage could be determined simply by multiplying the
specific yield times the area in acres times the net change of water

level in feet. For example, a net 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. However, it has been shown that the water table

does not rise or decline uniformly. Hence, the figure for specific:

vield of 17.2 percent for the total area is.mot strictly applicable.

Consequently, changes in storage have to be computed separately for

each of the three subareas, then totaled. :

. In order to obtain the net changé in water level, contour maps
spanning desired periods were drawn from peak water levels in the

spring months of the 2 years being compared. One was then super-

imposed over the other, a grid of half-inch squares was laid over the

tivo, and the net change in water level determined in each square -of.-
the grid. The figures in the squares in each subarea were averaged.

separately to obtain the average net change of water level for each.

" Thus, the average net change in storage in acre-feet for the intake area.
over any desired period of time for which sufficient water-level data.

are available can be obtained by adding the products for each subarea

of: the average net change of water level in feet, the area in acres, and - °

the specific yield.

The accuracy of the results obtained by the use of this method is

dependent not only on the validity of the figures for specific yield, but

also on the detail of the.contour maps, Owing to the irregularities-

and ever-changing shape of the water table, due primarily to pumpage

and recharge, numerous nearly simultaneous measurements in wells |
are necessary to obtain an accurate, detailed contour map. Even :

now there are too few wells in which measurements can be made

around the margins of the main water body to control the contours:
accurately (pl. 5). In the past, and for a particular time desired, even

fewer measurements were available. Consequently, the computations
‘of storage change by use of the specific-yield method are somewhat in
error, probably largely owing to this cause.

TUSE OF RECHARGE AND DISCHARGE

The second method by which net changes in ground-water storage
can be:estimated is by use of the estimates of total recharge and dis-
charge which have been computed for the years 1929-45 (tables ¥
and 12). The difference between recharge and discharge over any
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desired period of time within the years 192945, then, will givé the net

_-change in storage. However, estimates of storage change derived by .

this method are subject to tonsiderable error because & small percent-
age error in estimating recharge will result in a very large percentage
error in the amount of storage change computed. ‘

" “For simplicity of treatment in the following sections, the recharge

for any one water year, such as 1930-31, is listed as recharge in the
second year indicated, in this.case 1931. - This is because the second
year includes most of the water year, and because most of the recharge

~ occurs after the beginning of he second year.

ESTIMATES OF STORAGE CHANGES, 1929—45

‘Estimates of net change in ground-water storage by use of specific
yield and recharge and discharge have been made for three periods:
for 1929-36, to show the net decrease in storage during the latter part
of the dry period which began in 1919; for 193645, to show the net

- increase in storage in the current wet period; and for 1929-45, which
- spans the entire period for which estimates of recharge and discharge
have been made. ’ :

In order to compare the net changes in storage determined by use

- of the two methods, both-strictly should span identical periods. They-

do not, but the difference between them is relatively small. In the

. computations based on ‘specific yield, contour maps were drawn foTr
+ the spring peals of 1929, 1936, and 1945, and net changes in storage
- for.the three periods were computed between the spring pealks of the
. first and last years of each period (p.119). Oun the other hand, the

use of the estimates of total recharge and discharge is limited to water

“and calegdar years, respectively, and net changes in'storage for the
~ three periods are computed by the differences of total recharge and

discharge over an equal number of water years (ending September 30)

“and calendar years, respectively.

. Figure. 9 shows the time intervals that correspond to the three ele-
ments, net-change year, recharge year, and dischargs year ; and their

. chronologic relationship to each other for the period 1929-36, As

shown, the time intervals are not exacﬂy"coincident, and hence the

- total net changes m storage computed are not strictly comparable.
-~ For example, the net water-level changes are taken from the spring
© peaks of 1929 to those of 1936, and. the charige in storage computed

from thgse by the specific yield method are for that period. The net
change in storage computed from total recharge: and discharge is

“actually for the over-all period January 1, 1929, through September

0, 1936, and utilizes the difference between total discharge in the
ajlenda; years 1926-35 and total recharge in the water years 1930-36.
I“nus, e wév ehange. in storage for the period 1929-36 determin'_edv
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+-Net-change yeors—peaoks used in specific yield method

/< ! V |
. [\ /{Hypotvhaﬁc'o[ hydrogroph - _ L : l
1 N L |

T YN
| Time intervals used in rechdrge-discharge method , )\'\
i " .

[ -

T ) T
Recharge,in-woter years

Discharge,in calendar years

1928 ‘ 1930 1931 1932 1933 1834 1935 11936

T16URE 9.—Diagram showing chronologic relationship of net—clﬁunge, rechargs, and discharge years for the -

peried 1928-36,

by use of total recharge and disghargfa incorporates the small amou;l_lt
of discharge in 1929 prior to the spring peaks, &n@ that part Q,fht 'e.
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
i leld. : A o
Spf&(}ﬁgr?ingly, not only does the corgputation by ¥ech£%rge. and chs;
.charge differ somewhat, within itself in r.egard to time plterval, but,
it also differs slightly from that spanned mn thevspemﬁc yield method. _
Therefore, in estimates for periods of only a year or two considerable
error may be introduced; but for longer 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 errcrs involved in the eétim@t_(?s th‘em_-‘l' .

selves. S . . ) L
The same principles apply to the remaining two periods, The pgt_

change in storage for the period 1936—45 ocgnputed by use of s}pe(nfnlc‘

yield is best compared with the difference between total recharge for

the water years 1937-45 and total discharge for" the ,c&lendar years . .
1936—44; and similarly, for the period 1929-45, it is best compared . “*

with the difference between total recharge for the water years 193 0—45,_
and total discharge for the calendar years 1929-44, : i,

Table 13 shows estimates of net change in gr(‘)undwv'atel~ storage f01
the three periods 1929-36, 1936-45, and 192945 as determ:med by
usé of the specific yield method and by .the use of the totals for re-
charge and discharge; it also shows the difference betwyeen the res@t_s

obtained by the two methods.
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TaBLE 13:+—Esismates of recharge, discharge; and net change in slorage in the.main
‘ ~water body during the periods 1929-86, 198645, and 182945

Period
1929-36 193645 .. 192645
- By use of specific yield method: °
Average net rise (4+) or decline (=) of .
water levels, in feet: o . . o L
Subarea T —16 +30 +14
Subarea e e lh L =20 +250 7 45
“Subarea 3..____________ e e o—12 +10. -2
Net increase (<) or decrease (—) in, . )
storage, in acre-feet: « . vy ¢ EEEE S i
Subares 1___________ “omemememeoeo| —76, 00014143, 000 | | L 67, 000
Subarea 2_-_-__-"“_“__-______;_ —29, 000 +37, 000 -8, 000
Subarea 3..___________ e —95, 000 | +80, 000" _ =15, 000
Total for BIO8 oo oo e |—200, 000 +260, 000 | +50, 000

By use of recharge and discharge method
(tables 7 and 12): - : ;

Total recharge, in acre-feet . _______ 235,000 | 886, 500 1,121, 500
Total discharge, in acre-feet ... . . ) 394, 000 622,200 | 1,016, 200
‘Net increase (+) or decrease (=) in'j... - R

storage, in acre-feet____________ ' | — 159, 000, |+ 264,300 | 105,300

Difference between methods, in acre-feet. ___ 41,000 1 4300 |- 45, 300

"The table shows that the results obtained by the two methods;diﬁ'ér -
by 2-to 25 percent of the total quantities involved in each period.

However, discrepancies between these results are believed to ba
reasonable, considering the available data. Accordingly, the quanti-
ties obtained by the two methods are sufficiently in agreement not
only to verify the general order of magnitude of values derived, but
also to substantiate the methods used.. - : R

PERENNIAL YIELD OF THE WATER-BEARING DEPOSITS

'The perennial yield of the water-bearing deposits in a coastal area
is the rate at which water can be pumped from:wells year after year
without decreasing the storage to the point where the rate becomes
economically infeasible, the rate becomes physically impossible to
maintain, or the rate causes the landward migration of sea water into
the deposits and thus rendérs the water chemically unfit for use. In
the Santa Maria Valley. area only the first. condition was approached
and- that only locally during the  mid-thirties, when pumping lifts
were relatively high. Fortunately there has been at all times an

- appreciable seaward hydraulic gr adient atthe coast (pl. 6), and thus

the danger of landwsard migration of sea water hags never become
serious. Similarly, the second candition has not been approached
because the water bodyis so'thick that under conditions of excessive
pumpage and low recharge the first or third condition would be realized

long before the second. "The vearly pumpage in recent eans has.boon

. 930370~51—p
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large enough tQ' exceed the p_éremiéljiel_d,' and with an expected

increase in ground-water development,:aiid especially during. a.series
of dry years, pumpage may far exceed the perennial yield in the future.
In terms of water availablé for pumpage, the perennial yield may be

_expressed in a different way.. Originally, under natural conditions and |

without any pumping the long-term recharge necessarily was equal
to long-term discharge. However, for shorter periods of time recharge

‘was greater or less than discharge, ‘dependjﬁg' directly on climatic
‘conditions; and the differences, as. discussed- on pages 111-117, caused .
"either an increase or decrease in storage which was reflected in a net -

rise or decline of water levels throughout the atea (fig.-8). Even with

.the subsequent development of pumpsage,’ storage 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
he pumped without decreasing storage, and during periods of low . ~
'recharge less water can be pumped without decreasing storage. B |
~ Specifically, for any of these short periods the short-term yield is = -
“the total recharge less the total natural discharge plus whatever water .-
there is 1 storage above the limiting factors for safe withdrawal.

However, if little or no water is available in storage above the limiting
“amount for the period, the short-term yield is merely the difference

between average yearly recharge and average yearly natural discharge.
The long-term or perennial yield, on the other hand, is intermediate

between the short-term yields of periods-of above-average and below-

‘gverage recharge, but it is not dependent on-the available water in-

‘storage, whose fluctuations affect only the short-term yields. For
all practical purposes perennial yield is the difference between long-
term average yearly recharge and the average yearly natural discharge.

~In the ensuing pages, these principles are applied to the Santa

‘Maria Valley area, and quantitative estimates of short-term yield
are made for the period of below-average recharge 1929-36, and for

the period of above-average recharge,;.1936—45. Also, an estimate of

‘the perennial yield is made. The estimates are based principally on
the estimates previously derived for recharge, discharge; and storage .

changes. (See tables 7, 12, and 13.) . As discussed elsewhere: (pp.
121-123), the estimates for recharge, discharge, and storage changes
are for periods that are slightly out of phase with each other, and they
are treated accordingly. . _ o

SHOR"I‘-TERM mLD DURDONG THE PERIOD 192838

The period 1999-36 was 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 1919. Although there was
8 progressive depletion of storage during this.period, the short-term .
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vield as defined was not attually exceeded because there had been &
large -amount of water in storage at the beginning. However, the
shortf_tel*m_yield was approximately reached near the end of the period,
when storage had been 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

have been exceeded, all other factors remaining 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 acre-feet
“(p..83), and the ground-water outflow in 1936 was about 9,500 acre~
feet (table 11). Thus, at the end of the period the short-term yield
was the difference between the two, or about 25,000 acre-feet a year,
However, during the period the total net pumpage for irrigation plus
the total pumpage for other use amounted 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 Lipon..
However, if these conditions had been maintained beyond 1936 the
yield would have. been exceeded by about 20,000 acre-feet per year,

The total net depletion in storage during the period 1929-38
emounted to between 159,000 and 200,000 acre-feet (table 13), or
averaged about 26,000 acre-feet per year. The relatively uniform ;ate :
of decline of the water level in well 10/34~14E3 (fig. 5) throughiout the
18-year period 1919-36 of below-average rainfall suggests that the rate
of decrease in stored water was about constant. Accordingly, the rate

. of storage depletion of about 26,000 acre-feet a year for the period

192%—36{{1&37 be applicable uniformly to the entire period. If so, the
total depletion of storage from 1919 into 1936 must have b y
500,000 acre-feet. : ° besn roughly
Obviously, had the average yearly recharge remained oiﬂy 34,000
acre-feet, then the. yield of the deposits would have continued to be.

"exceeded beyond 1936, water levels would have continued to decline
N 7y

and ground-water outflow to decrease. Ultimately, under such condi-

“tions pumping lifts would have been extremely high and perhaps in
: ijSt_ of thg area economically infeasible; landward ‘encroachment, of
" sea ‘water into the water-bearing deposits eventually would have

occurred. Furthermore, a large part of the highly productive lower

member of the a'lluv'ium would have-been unwatered, and wells would
have bge_n dmw?ng from the less permeable Paso Robles formation—
A sondition whigh probably would have increased considerably the

; 1

pumping l’ff‘ts‘;and-hence' the operational costs.:
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Quite possibly the average.yearly Techarge of 34,000 acre-feeb.is '
representative of periods of below-average rainfall. -If so, the short-.
term yield of about 25,000 acre-feet a year is on the order of magmtude ‘
-to be expected mear the end of future similar periods of below-average

recharge. With present withdrawals approaching 65,000 acre-feet a
vear and total discharge approaching 80,000 acre-feet a year, it is

obvious that during future dry periods-storage will be depleted at &
Tate greater than that which took place in the years 1828-36. '

SHORT TERM YZEELD DURING THE 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 dlschalge Consequently, there was a considerable .

net increase in storage and the short-term yield for the period was
never approached.

These conditions are expressed quantltatlvely in much the sarie
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 ground-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 pumpage for other.use

amounted to about 521,000 acre-feet (tables 9 and 10), or averaged -
about 58,000 acre-feet a year. Thus, pumpage averaged about 28,000

acre-feet a year less than the short-term yield.

The total net increase in storage for the perlod 193645 amounted '

1o between 260,000 and 264,000 acre-feet (table 13), or.averaged about

29,000 acre-feet a year. Thus, in contrast to the preceding period, :
storage increased considerably, and water levels rose accordingly: .
tluoughout the area (figs 3 —6). In fact, the storage was enabled to.

regain about one-half of the estimated over- -all depletion of abou
500,000 acre-feet incurred during the period 1915-36. :
The unusually large recharge’in 1941, which was about 230,000

acre-feet, was nearly double the quantity supphed in-most wet, years

(table 7). Consequently, the short-term yield of about 87,000 acre:

feet a year for the relatively short period 1936-45 is probably greater,

than that for other longer wet periods such as 1905~18 (see fig. 8)

and probably is above the gener al'average that might be expected in"

future wet periods. The average yearly recharge for the years 1937
45, exclusive of that for 1941, was about ‘82,000 acre-feet "a yearl

Thus by subtracting the.average yearly ground—watel outflow! of:
11,000 acre-feet a-year, it is believed -that the.shorsbermy, “yield. for,-
_ average wet periods would be.on the order of 70,000 aore-f.eet a- year
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ESTIMATE OF PERENNIAL YIELD UNDER NATURAL CONDITIONS
- Obviously, the perennial or long-term yield of the water-bearing’
deposits in the Santa Maria Valley area is a quantity greater thanthe

short-term yields during periods of below-average recharge, but Jess
than' the short-term yields for periods of above-average recharge. To

. obtain the maximum perennial yleld, it is desirable to. reduce to a.
‘minimum the natural discharge by ground-water outflow, but not to

the point where either the water levels are below pr aotlcal 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-evapotfanspiration occur
as they did around 1918. In addition, it is desirable to stop th:eloss
by flow from wells. '

"~ The perennial yield is estimated by equating-certain of the quan-~
tities derived in preceding 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 peremnial yiéld
which can be applied to the Santa Maria Valley area for this period,

- as follows: Perennial yield is equal tc the total recharge (table 7)
less the total natural discharge by ground-water outflow (p. 96)

divided by the number of years of inventory; and it is equal to the

- total net pumping draft (tables 9 and 10)- plus the net-incredse 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 follows:’ ' N

1,121,5600—180,000

Pesonnial yield= -t — 58,300 - ().
Cend |
L 74
Perennial yield= 3000+951:OO+60000*56 100 (2)

- Because these two quantities agree very closely, the \perelmial vield,.

based on the relatively short period 1929-45, is considered to be the.

. average of the two, or is estimated to be about 57 000 acre-feet a
.‘year )

Howerver, because lamfa]l dulmg the period 1930-45- compared to.

_that .of the long. term is above average, this estimate of perennial yield
1is modified accordingly.. The basis for the mddification rests solely
- upon the rough correlation that.exists between rainfall and recharge,
Jend hence perennial-yield. At Santa Maria the average rainfall for
- the 16-year pellod 1930~45 was 15.42 inches, 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 ahout 93 percent of that for the shorter period.

Although it is almost a cerfainty that the perennial yield during the.
60-year period 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 peremual Field of about 57,000 acre-feet a year .

for the period 1929-45, then, is-adjusted to the long term by multi-
plying by 93 percent.

estimated to be about 53,000 acre-feet a vear.

The validity of this figure is dependent on two critical factors: -
First, the adjusted value applies specifically to the 60-year 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- .
average 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, thers
eventually may be some reduction due to the development of irrigation
with ground water in the Cuyama Valley- (pl. 4).

amount of runoff which ordinarily passes the area of withdrawals
will not be reduced appreciably.

discharge into the Cuyama River below 'the area of withdrawals.
The amount so discharged at present is estimated to be about 5
“second-feet.

Maria Valley area, and further that increased pumpage in the Cuyama

Valley will eventually cause the flow to stop-entirely, theii 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- ﬁOWZ.

measuremients are available below the area of groundmrater discharg

Second, the yield derived was based on a minimum practioable.

average ground-water outflow of 11,000 acre-feet a year. To salvag

much more outflow would necessitate a lowering of water levels.and,
It is believed that the range of water’
levels between 1929 and 1945 is probably the most efficient from the’

hence, costly pumpimg lifts.

standpoint of both maximum salvage and nominal pumpingilifts:

Thus, under natural conditions the perennial -
yield of the water-bearing deposits in the Santa Maria Valley area is

Withdrawals,:
which started 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

However, it is believed that in-

creased pumpage may reduce substantially the natural ground-water

If it is assumed that because of evapotranspiration:
losses and diversions only 50 percent of this flow reaches the Santa’

K With:respeot to the current.net pumpage of gbout-65,000 acre-feet:
being exceeded by about 12,000 acre-feet, which in years of average

amounting to slightly less than 1 foot (p. 120). However, because.
“mated minimum levels, the yearly depletion of 12,000.acre-feet can
be tolerated for a limited time. Obviously, if this yearly overdraft

the:result will be a depletion of sterage and a declme of W&ter levels
to.stages far below those of 19386.

Two measures should be considered 1mmechate1y to conserve gr 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 1,000 acre-feét a year (p. 91); and adopt more efficient methods
.of irrigation. For examp‘le decrease to a minimum the unduly large
quantities of “‘tail waste,” space irrigation periods at the maximum
practicable intervals, and eliminate wherever possible the long open-
ditch conveyance of irrigation water from pumps to the land being
irigated. - If these measures were adopted it might be possible to
keep the pumpage within the limits of the perennial yield, or at about

'agrloultural development

BSTIMATE OF INCREASED PER.ENNIAL YIELD BY SALVAGE OF SBURFACE~
WATER OUTFLOW

A program for a more efficient utilization of the surface-water
resources of the Santa Maria River drainage system has been largely

of the Interior.V In general, this program mvol_ves the construction
of two dams for surface-water storage or detention. One of the sites
is on the Cuyama River about 5 miles-above the mouth—a location
known 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

. the Round Corral Dam site.

One of the fundamental purposes of this progr&m 18 to s&lvaoe each

"year & substantial part of the surface-water outflow which is wasted

to the sea, and so to' provide & means of increasing ground-water

‘recharge. During the 16-year period 1930—45 this loss was estimated
W Water requirement, water supply and flood coﬁt‘rol Santa Maria Basin compréhensive plan, Santa

Barbara County -droject, Oahfornxa, U. 8. Bur. Reclamation Rept,, appendix 8§, 87 pp March, 1946, .
{Adimeographed! ]
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a year (tables 9 and 10), it,is-apparent that the perennial yield is.
recharge would result in a yearly average net-decline of water levels

there was in 1945 about 260,000 acre-feet in storage above the esti- -

is continued or should be increased with no additional supply of water,

53,000 acre-feet per year and, at the same time, mamtam the present

outlined by the Bureau of Reclamation, United States Department

confluence with the Cuyama River, at a locatlon known locally as '
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to total about 566,000 acre-feet, or to average about 35;000. acre-feet
a vear—about 40 percent of the total runeff (table 5). The reason for
the ‘waste is that most runcff 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 surface-water resources -
have not been utilized fully in replenishing ground-water supply..
However, if the winter flow can be largely detained and released over
a longer period of time; much of the waste could be salvaged as-

additional recharge. Thus, by increasing the recharge; and hence the

perennial yield of the basm the program would be of considerable: ’

importance to future ground-water development in the area.

Under the program, two features are critical with respect to the _:
amount- of increase of perennial yield flom salvage of surface-water

outﬁow as Tollows:

1. Because water levels mdmate 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 increase in storage .the rate at which water could be

transferred 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 thr oughout-
more than half of each year, are quite permeable (table 2), and.
therefore provide excellent natural spreading grounds for the trans-;

ference of water stored In reservoirs.

2. The perennial yield could be increased by about the amount of " ;
surface-water outflow salvaged by the reservoirs, less evapotranspira- -

tion losses incurred from spreading operations and from' the Teservoirs

themselves, and less any loss incurred: from development in the ,

Cuyama Valley (p. 128).

Under oxe plan presented by the Bureau of Reclamation,'® roughly
50 percent of the average yearly surface-water outflow “could Dbe
salvaged. Assuming the long-term average yearly outflow to be 93

percent of the 35,000 acre-feet a year estimated for the period 193 0-45 '
(p:128), it would amount to 33,000 acre-feet a“year. If the perennial |
yield were to be increased by about one-half that amount, or by aboutv

16,000 acre-feet a year (neglecting evapotranspiration lossesy,” the
estlmated perennial yield of 53,000 acre-feet a year under natural
conditions would be increased to about 65 000 to 70,000 &ere—feet
under this particular plan.

®Y. 8, Buleau of Reclamatmn op. clt tables 5A and 5P 1946.

o The net bpumpag'e it 1944 was about 65, 000 acre-fect a year. Hven
* if the ground-water conservation measures, suggested on page 129 were

to be adopted, the current draft would approach the perennial yield
as increased under this-particular plan of the Bureau of Reclamation.
Therefore, this plan would-correct the present deficiency, but it would
not provide much if any margm for future development. On the

" pther hand, the steady increase in pumpage during the 4 years 1941 -
to 1944 strongly suggests that further development will occur?® A
" susteined rate of pumpage materially greater than the 1944 rate

would have to be supplied by an.incredse in salvage of surface waters

Dbecause 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
's0 to increase the yield accordingly; also, to limit ground-water devel-

opment so as not to.exceed the increased yield. Such a program, if
accomplished, not only wauld provide for the mammum utilization

- of the water resources of the.Santa Maria Valley area, but also would
“prevent a serious overdevelopment that Weuld be detrlmental to the
~ gconomy of the entire villey area.

CHEMICAL QUALITY OF WATER
GENERAL -FEATURES

"In 1941 and 194 in connection with the field canvass of wells, the
Geologlea,l Survey co]leoted 152 samples of water from 116 Wells for

- chemical analysis. Of ‘these, 7 were analyzed for all constituents

and the remainder were analyzed only for chloride and hardness

river water during low-flow conditions—one from the Cuyama River

“at, its mouth and one from. the Sisquoc River above its confluence
" with La Brea Breek. Numerous other agencies have made available
* for study over 350 analyses, mostly from water wells but in part from

stréams, lakes, and ponds. . Records of represertative partial analyses

“are included in table 14; and records of selected “‘complete’ analyses
‘. are shown in table 15. The locations of all wells are shown on plate
: S and of a]l stleams outside the arah.on pla,te 4.

1 Since the completion of this report, estimated net pumpage for the § years. 1945 to 1949 has been 75,000,

* 85,000, 100,000, $0,000, ~and 100, 000 acre-feet, respectively,

CHEMICAL QUALITY OF WATER ‘ 131 .

parts per million and for specific electrical conductance in- reciprocal
ohmsX}10° (KX10° at 77° F.), which is a messure of the total dis-
solved solids. In addition, two complete analyses were obtained of

SR —
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TasLe 14———Selected partzal chemical analyses of "well waters in the Sania. ﬂIarm
T’alley area " TaBre 14. ——Selected pa1twl chemical analyses of well waters in the Santa Maria

alley area—Continued
[Analyses byA A. Garrett Geologlcal Survey] 4 v .

" [Analyses by A, A. Garrett; Geological Survey)
Chloride| Soap hard-| g . i : =
. an, pecific X .
war Date | S | B8 | conduct | ToR , o Oblocide| Sopbare: | gpeeing |
bilon | Pl | o2 0, e ST Wl - e, pats | CeCOu | ance o, pery
. - _ million | milion | %6287 G-\
9/32-7N1.._.| June 2, 1942 .o ___. 24 590 107 . 62 : L
16L1_ . s T O | 23 575 | 102 61 10/35 INI___| June 9, 1942 i ceiaoon] 72 575 | 126 61
177Gl . A0 it 26 575 | 102 |...._. 4C1. -\ June 1, 19042 oo 2 e 58 | 650 | 137 61
1881 . _.do_.. . [ 28 550 | 106 7B1...{ Oct. 1, 1941 oTTIToIT . 54 550 | 120 63 -
, 7 I U N 9F1___| June 1, 1942 _ZT 11170 159 825 | 182 62
8/33~1L1_ .. |- o (S 33 615 |° 10L. 8 1171 | June 9, 1948 oo ceeeee 127 750.| 163 62
2A1_ .| ___ A0 eem 22 525 97.7 , . Tl
5Bl __ | Julyl, 1946 ___ - ___.__.__. 21 515, 94. 8 |o..._. 12G1__ | __ A0 e ol 750 151 62
1) P T, [ 36 490 92.9 | ... 15D1___| June 8, 1942 . ___._... 68 600 | 135 64
2 S S QO] 29 425 89.4 .. ©O17TNIo .. 40 e ao| 101 575 | 115 64
16D doocneeaas P S 1 450 92,6 [ioo.. 18F1__ | A0 . 91 750 | 143 - 63
., - : : . ' ol June 16, 1942 o e : 6
9/34«2%141_-_ ﬁpr. 1,1942 " 46 1007|827 oo 21Bl...| June 18, 1942 86 600 133 3
BNS____| Apr. 15,1842 ___.___._ . __ 51 100 36,2 |- 23P1___| July 1, 1946________-'_ _______ 52 | - 320 80. 6 [aoeeo-
4M1.___| Apr. 1, 1942------------—---—- 74 . 90 39.9 |l._._. 24B2___| June 22, 1942 ________ ~eo.] 671" 600 131 64
ggé _____ cdlo ___________ R 95 130 52,9 | . '
BH3 . Ormmmmme - O 122 125 57.3 |- 10/36-12P1_2| July 1, 1946 .o . 44 44 99.5 |..._..
15B1_ |07 o e oolIoTTTTiTTTTT 54| 365 | 931 |l 0/36-12F Tuly 1, _ 0 ,
' : : 11/34~19R1- |- A0l B3 150 54, 9 (o ..
10/33-7R1...| June 2, 1942____._ . . ... 35 600 | - 107 / 29P2. .| Apr, 15, 1942 oo 70 5151 117 64 .
18H1o oo Qe .87 500 | 122 Tl _ :
1981 .. S L I ] 825 | 185 11/35-19B1.{ Aug. 27, 1042 _________....._] 48 315 | 136 63
20L1. i - doo L.l e 47 600 | 129 2002..| July 1, 1946__. : 46 550 | 120 ...
227G} Oct. 1, 1941 - o .. .75 700 |, 171 25P1_.| Aug. 27, 1942_--_ L 50 400 | 101 .61
_ 27H1._| Junme 1, 1942. T TTTTTTTTTC 1 41] . 315 77. 3 62
28J1.... June 2, 1942- .. .o - 57 725 152 - 28M1..| June 29 1942 ________________ 36 600 124 62
33HI1 | July 1, 1946 ' o i 28] - 500 959 |._.... . _ ' ,
B4N1_ | do______ ... R e B4 525 | 100 ... 33F1..| Oct. 1, 1941“___________, _____ 47 525 | 118 | 60
35RI.._f o o (o T e 1 26 465 99. 3" |--- 35A2__) June 16, 1942 .. . ...t 33 465 | 106 | .60
36QL- |- oo e 28 500 | 102 ... ,
: “ : 11/36-13R1._ 27 1942____-. _______ Tl 467 4901 119 jeoeea-
10/34-2P1__ .| Jurie 2, 1942 _____ s 40 590 | 108 Y Aug. _ 19
4P1___| Jume 9, 1942 o loeeo_._.i 44| 625 120
o O e 50 550 | 115
8B3.__ ( : 56. 725 | 138
10EL. ... 37 500 | 109
12L1__. 3 540 |- 100
13P1._. 56 840 | 148
16F1__. 79 | 1,125 | 192
18D1._.. 103 775 | 187
2051l O e 65 850 |- 166
24L1___."June 2,1942___ ... ________ .65 890 | 167
26A1._.| June 9 1942, - T7i ), 775 |, 1564 -
29D1. .| Apr. 1, 1942 ..t i . . 37 415 1. 95.5 |__.
. 32F1_.._ :____do,-_;_-_T ______________ 49 | - 150 47,0 [._
33HI .. Y S - 350 | 84 1.
341 .. A0t : 37 350 843 |....

|
I
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Tasre 15.—Selected chemrical qnalyses of well and sﬁ eam waters of the ,Sanéa' Ma wa v y - o
Parts per million
= 3 _ )
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S = —~ . %) S - = IR R . 2
L. . - = = % o - ,
Well or ) Date-of col- ] mUO = S 1a g < %:/\ S | 5) EL S g O
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8% Bl a | 215|522l S5 5! 8 %8S o
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! Santa Maria Realty Jo. Drilled irrigation well 168 - o ‘
932241 feet deep. Sarple takenr by U. 8. Geological ] ) ol B
parvey; paalysis by'l}&s) 2. F%i%erz%?Sz)L' v Oct. 22,1941 62 ] 6281 28]002] 80 45| 49 37| 0 | 261 | 24118 ) . } 3
Miller, U. 8. Geological Survey {(No. -e-o---| Oct. 22, ) i ) . . o %
9/33-5B1 B?edlsy’Laud Co. Drilled domestic well 301 feet Ot 13,1077 |-l - o - o sal| 0 244 293 725 ______ Trace 5
T -
-~ City of Santa Maria, well 3. ed p A ks
9/34-3N3 “wall 226 foet deep.  Sample taken by V. 8. Geo- ) _ . i N
logical Burvey; a.nalg'rsis 2b7y07(}), J. Petretic, U. 8. Apr. 15, 1942 034 01 oo 19 9 [ . 93 | 52 . A
logi NO. 27407 —e e e e eamem . 15,1942 | :
I M(‘}elq.lo%]:gléfsz?rvf;;ﬂ(leg irrigation well 361 feet Ot 111927 1 186 sl 15| e7) w1l 0 %gg g?g gg e ig 2 ‘7‘2 g
' —now abandoned. ___________.____.._._.____ ot. 11, , 7 0 Eel I e )
3571 | A K Fagin. atl’{%lrlﬂloedeirrigation well 275 fest deep - Oct. 20,1937 L0 B By s : ' I R
10/34-5P1 | La Brea Securities Co. Drilled irrigation well 172 k. 24 1927 - w0l 1 57 s | o | =2 3[91 w0 5
B1 | Cownty of Santa Barbara, Dilisd publisapply o 1 el el o o | nel il |fw | o B
12 b i Nov. 3,1927 L0920 T el : ] 1S R : : : 3
2753 | York 0 On. Drnied fadisteial smid dommestio well | - v : : : : D
. 268 feet deep. Sample taken by U. 8. Geological N i . R -
e Sy iy emrettey T 5. beo- Apr. 15,1942 | 64,019 30| .31} 18| 68| 67| 96| 0 | 27| 438 |44 ERI RS ‘
logical Survey No. 27417) - __._.___..._________ pr. 15,] , 019 3 -
10/35-3N1 { Bank of America. Drilled irrigation well 239 feet oot 15,1007 bose| 10l o | sl sl . ms | o || o
gy e - y & w———— 3 b " N
| M i§1'1{s'.""15}111'ea"i{‘rigati?n el 248 feot deep. | . ] 4 . <
' le taken by U. 8. Geologic urvey; analysis . . . .
E;III\IE‘D‘FOSWMM L W.Miller, U. 8. Geologle | oot 171041 | 63| s95| 82| 02| 18] 53 89} 370 0 247 | 308 48 0.0} 33| 53 &
. 26556 D17, ) | B8 | 5 | . ; o
10/35-7P1,2 Uﬁi%;v%}:légOCoAs I%rilled irrigation wells 235 and 10 927 - 882 8 i .. 113 48 58 1 T 226 1 3421 48 22 479 ﬁ
’ 206 feet deep connected to single pump.-..2._._.. 9, 19 —————- 4 g R
2482 | A. N. 8ilva. Drilled iirigation well. 206 {eet deep: - : -
Sample. taken by U. 8. Qeological Survey; | . . . 3 . A w ©
nalysis by M: D. Foster and L. W. Miller, U. 8. 961 oo ist 66 w3l 45l o w5 47 lo . : Kk .
Geologicar 17,1941 63 11,140 ) 3
. Qeological Burvey (No. 26557) : ! = _ : i i %
/342992 | Alfred Giterra, - Drilled ircigation well 201 fest déep. - : S . R o
Sample .takén J_by U.t S,T:]_Ggologicial Sulrgey;. Lo ] ..
analysis by Q. J. Petretic, U. S. Geo ogical Sur- . ) B
) vey %718\70. 27414) : Apr. 151942 | ~ 64 | 863 3| L1} 123] !5 5] 3.0f 0 215 | 368 | 68 .3 1.6 516 .
/35-18M1 |} Union Sugar Co. E ! . N . e
/ M de%p;_-.g_ _______________ Oet. 19,1927 {.____ 1,136 100 121 56 94| 0 B2 | 529081 | ... Trace| 635
28Q1 | E.-and G. LeRoy. Drille gation, domestic, -

%}m stocG}.F W{ell 3713 fseet deep. - Slample takén I}y .
1. 8. Geological urvey; analysis by G. 7. . - . . %
Petretic, U. S. Geological Survey_y(sNoA 27416)____{ Apr. 15,1942 61 9681 30 1.0/ 140 56 64 ] 404 0 209 |- 481 | 35 51 .8 580
9/31-19R | Sisquoc. River, at upper gaging station. Sample
takgn;bybU. I\ST Bure'?uB of Reclar.:éat_ion (No. 1516): - .
analysis by National Bureau of tandards, San . ! .
- Francison Laboratory o oou of Standards, San June 3,1943 |.__._. PO fowncce) 87 88| 61 16| 1.9] 230 340016 || 4| 455
9/32-13F | La Brea Creek, above junetion with Sisquoc River. [
Sammple teken by U. S. Burean of Reclamation
(No. 13); analysis by National Bureau of Stand-
ards, 8an ¥rancisco Laboratory..._.__-
174 | Sisquoc River, near lower gaging station. Sample
: . -tak;,ﬁ bybU. 8. Bureiu.:lB of Recla.tmation (lgo. 56):
analysis by National Bureau of Sfandar s, San : - - ! 4 ’
Francisco Laboratory i _____ Mar, 51943 [ ____ 420 1. — 5_3 29 26 3.2 0 180 150 8.8 Pt 0 24 .
24T | Sisquoc’ River, above. junetion with La Brea - . R . .
Creek. - Discharge estimated 30 cubic feet per | -
’ %econd. 4Saln:1pleb t%ca? Pb'y U. % SGeologicalA .
uryey; analysis by @.J. Petretic, U. 8. Geologi- - . - ’
cal Survey (No. 27400y - o o008k Apro 15,1842 | 67| @81 15| 100 64| 35| 28| 25| 0 [ 10| 18] 80| 4| .2| 304
)/33-36B | Cuyama River, above confiuence. with Sisquoc - . - ’
. River, Discharge estimated 10 cubic feet per
Second. Sample takem by U, S. Geologieal . . L
Survey; analysis by M. D. Foster and L. W, . : - - : 9 711
Miller, U, 8. Greological Survey (No. 26605)__.._. Oct. -22, 1941 62 {1, 275 .21 9 158 77 1 8.8 Q 298 593 | 69 1.3, .
Cuyama River, above Alsmo Creek,” about 10 . - . .
. miles northeast of Santa Maria. Sample taken
by U. 8. Bureau of Reclamation (No. 27); analy-
sis by:National Bureau of Standards, San Fran- L ]
% ciseo La.boratory.._.__-_.__“-‘___‘___N__“._ _____ Mar, 51943 .4.____. 3,200 oo | §20 | 120} 150 | 6.7} 0O 130 11,800 {456 f--eo-
354K  Santa Maria River, at Guadalupe. Sample taken |- - . ’
by U. 8. Bureaa of Reclamation (No. 19); analy-
sis by National Bureau of Standards, San Fran-
cisco Laboratory_.i ... _____ " T Feb. 18,1943 |..___. 1, 600
Huasna River, above junction with Cuyama
River, about 8 miles northeast of Santa Maria. -
: Sample taken by U. §. Bureau of Reclamation
(No.'18); analysis by National Bureat of Stand- : : 288
ards, San Franeisco Laboratory._-._ . R S do__ 4 ... 480 |oa il % 24 4120 260§ 120 |36 l.f A
Alamo Creek, above junetion with Cuyama River, N - - . : o ’
about § miles northeast of Santa Maria. Sample
taken by U. S. Bureau of Heclamation (No. 17);
analysis'by National Bureau of Standards, 8
Francisco Laboratory

Feb. 18,1943 {.__.__ 1,000 foemenoeo o 100 71 941 19 6.2 340 380 4¢

&

'S

1,792

TELVAL. 0 - LITTVAD TVOTALED

sa0t. . 811 33! 421 081l g | zeol 1603 | ___ .7t 338

Ge1

Symbol is well number as described in text or 2 Jocation symbol only where applied to a stream locality, No location symbol assigred {o stream lo_c,a-lit? outside of pl. —,
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The analyses show a considerable range i the chemical quality of
the main water hody from omne 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. Itis believed,
therefore, that the range in quality is due primarily to differences in
the sources of water and to its subsequent alteration as it circulates
underground and mmgles with water from other sources. Accordmgly,
the quality of water in general is briefly discussed as it appears in the
Sisquoc valley where the principal source is the Sisquoc River, in the

Santa Maria plain where the principal source is the Santa Maria River,

and in the Orcutt and Nipomo uplands ‘were the sourceisrain. In ad-
dition, the change in quality from place to place is also discussed.
Chloride contents of waters from wells near the coast are examined
with 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
water in the Sisquoc River, based on three analyses of river water
sampled in 1942 and in 1943. In the three samples analyzed, the total
solids content ranged from 420 to 770 parts; that of the ground waters

adjacent to the river 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 than the river water,
ranging from 400 o 750 parts. ' ’

Well 10/33—35R 1, also in the Sisquoc valley, yields water similar to
the water-in the Cuyama River. Both these are calclum, sodiumy
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 mchcates that waters percolating from the Cuyama
River, extend southward beneath the Sisquoc River at Jeast to well
35R 1, where they are only shohtly diluted by the less concentlated

waters of the Sisquoc..

In the Santa Maria Valley, the quahty of ground-watel is stilar to
that in the Santa Maris River, ‘During periods of flow the quality ofl"
the water in the river is necessarily a blend of the qualities of the water

in the Chiyama and Sisquoc Rivers, depend_mg on the quantity of each.
Hence, the quality of water in wells varies accordingly. The Cuyama
River in its upper course traverses formations which contain large
gmounts of gypsum, hence the water would 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 Creek (table 15) is
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conﬁlmatory 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 700 parts and total solids between 1, OOO and
1,600 parts.

Southward across the S&nta I\/Ialla plam .the chloride content,
hardness, and total solids increase somewhat. However, there is a

.relatively rapid decrease in the concentration of all three southward

beneath the Orcutt upland. Toward-the coast the quality improveés,

.except in a local area along.the south edge of the plainin T. 10 N,, R."

35'W., and extending up along the creek southeast to Guadalupe Lalke,
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 maximum .,

in the area of 175 parts. The cause of this increase is not definitely
known, but it may be die in part to seepage of contaminated water
from surface sumps or waste ponds. Becausé the base of the water-
bearing deposits lies at ledst 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 changed

materially since 1927 in those wells for which data are available.
Beneath the Orcutt upland and particularly in the vicinity of the
city of Santa Maria wells (9/34-3N1-3), the waters range from 46 to
94 parts per million i in chloride 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 sources occurs 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 south 'side 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 appear to increase again., Fur thermofé, the concentrations are
believed to increase with depth. Water moving southward from the
Nipomo upland mingles with that orlgmaﬂy derived from the Sentow
Maria River. As aresult, in this locality there is a southward increase
in chloride content, in hardnes;s, and in total solids. :

POSSIBILITY OF SEA-WATER ENCROACHMENT

The chloride content of the water is of specific importance in wells
nearctheipceasthrwhere, although there has always been a favorable



~ theoretically extends inland about 2 miles in the form of a nafrow
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. seaward gradient, some alarm has been. expreéssed with respect to
sea-water  encroachment. . Analyses of samples collected from- the |
wells at the extreme west, end of the valley, both in the vicinity of -

Oso Flaco.Lake and in the area west of Guadalupe, show that in 1941

and 1942 the chloride content was b.étween 30 and 60 parts per million. :

TFurtherrore, analyses. made m 1927 show about the same Tange:
These chloride concentrations are far within tlie limits of safe use,’
and do not indicate any sea-water encroachment. Hurthermore, as
discussed below, hydraulic conditions at.the coast are such that sea-

water encroachnient préseni;s no-ii:nm,edisité threat to watér pumped

by wells. , e , : C
In order to determine where the contact between the fresh water
and salt water in the permeable deposits along the coast might be.at

the present time it is necessary to apply the so-called Ghyben-Herzberg |

theory ag-used by Brown (1925) in ground-water investigations along
the Connecticut coast. Fundamentally the principal involved deals
with the.density differential between fresh and salt water. In pro-
portion-to the slightly greater density of sea water the contact between.
the two will be depressed about 40 feet below sed level for each foot
of fresh-water head above sea level, assuming the specific gravity of

the sea water to be 1.025. - ,

Tt has been shown that in 1944 the fresh-water head at the coast,

~ as projected westward from the gradient determined by water levels
in wells, was about 30 feet above sea level (pl. 6). Therefore, it cen”
be calculated that the contact between fresh water and salt water is

theoretically about 1,200 feet below sea level at the shore line. ; Be--
cause the deppsits at the coast attain & maximum thickness of rougbl
1,500 feet along the axis of the Santa Maria syncline, the salt wate

tongue, and its contact with the overlying fresh water plunges down

ward inland until it intersects the surface of thé consolidated rocks -

at a depth of about 1,600 feet below sea level.. L
In 1936, when the head was the minimum of record, or about 2
feet, the salt-water contact may have been about 800 .feet.below se
level at the coast, and theoretically intersected the surface of the;
consolidated rocks. along the axis of the syncline approximately
.miles inland and at a depth of about 1,800 feet. At any time th
theoretical computations would represent about the true condition
if the water-bearing materials were homogeneous throughout, and i
movement were instantaneous. FHach of these factors, however, 1
important in controlling the actual position of the contact between
fresh water and salt water, ) : S

to
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Owing to-the lenticular nature of the deposits forming the Pago
Robles formation, water is enahled to move more freely aﬂong lines
parallel to the lenses than vertically across the lenses. Thus, through-
out the lower and by far the greater part of the cross-sectional area
(section D~D)’, pl. 2), the natural seaward movement .of ground water
‘has. probably established the contact at a point farther westward

than it would be'in Homogenous material, No way is now available

to determine -the amount by which .the contact is adjusted within
these deposits, but it is obvious that this natural adjustment is favor-
able to the fresh-water supply.’ ‘ : ‘ ‘
~ Also, in-deposits such as those at the coastal edge of the Santa
Maria Valley the rate of movement of ground water is comnionly

- not more than a few hundred feet a year. Thus, it seems.obvious

johat, 'followipg a lowering of water level similar to the ene culminating
n 1936; a period of ‘many years would elapsé before inland and
upward movement of the saline contact could bring salt water to its

- theoretical position under the head relationship. For this reason

the inland advance that was developing into 1936 as a result of
lowered water levels must have been reversed by the rising water

levels of the years following 1936 long before sea water could have .

far invaded the area. Since 1938, seaward retreat of the salt-water

W'ith the higher water levels. o 4
The following can be concluded with respect to sea-watet encroach-
ment: The salt-water contact lies at considerable depth beneath and

"contact doubtless has occurred but probably has not achieved balance

_west of the bottom of the deepest water wells. Specifically, within
the range of the deposits tapped by wells the contact probably lies
off shore, which would be several miles from the westermost irrigation
~well.  The head at the coast can be reduced to or even somewhat’

below that of 1936° without creating a hazard to the fresh-water

supply. A considerable depletion of storage would be necessary in

order’ to bring the salt-water contact into ‘the westermost wells.

_;_Fin&lly, ab the preseiit time the head at the coast and the ‘quantity
-of outflow are more than sufficient to maintain the salt-water contact

&t a safe distance from wells. -

SELECTED WELL LOGS

. Table 1‘6 cont'ains 100 logs of water wells—ahout one-fifth of the
tal avaﬂable In the Santa Maria Valley. area. They have been
selected to give as complete an areal coverage as possible, to show the

Lange m de’p'th‘ of wells, and to indicate the lithologic character of the
*.spratlgraph'lc unifs penetrated by the wells, ' ’ o v

930370—51—-10
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{Stratigraphie correlations by G, F. Worts, Jr. Altitndes appronmate and with respect to sea-level datum
of 1929]

760

9/32-7TAl. Ellen Elliot. On alluvial terrace. Altitude 470 feet
[Casing perforated 107 to 115, 154 to 188, 235 to 238, 282 to 250, 410 to 416, and 428 to 436 feet]
| e pepy A Doy
(feet) | (foet) (fecf) | oot
. .
Terrace deposits: . Paso Robles formation—Con.
Soi 8 8 ‘Sand and gravel... 3 238
Bou]ders and gravel._.._._.. -37 45 [O3F:% - 7 245
Paso Robles (1) formatmn Sand and some gravei. - 30 275
Clay, sandy . _creeeoon : 10 55 Clay and sand._. 7 282
Sand and gravel 18 73 8 290
Paso. Robles formation . 5 285
31 104 16 311
11 116 49 360 -
§ 120 10 370
Clay and sind’_____.. 31 161 9 318.
Clay and gravel_. 3 154 31 410
Gravel and sand... 6 160 6 416
Clay and gravel.. 7 167 Clay.cegmanal 12 428
Gravel ... 20 187 Sand “and g‘ravel 8 436
. Clay, tough- 10 -+ 197 Sand and clay.. 15 451
Clay and san 25 222 ClaT e e e e 1 452
Sand and some small gravel... 13 235 :
9/32-7N1. Valerio Tognazzini. On the Sisquoc plain, Altiude 422 feet
[Casing perforated 82 to 87, 105 to 145, and 162 to 185 feet]
Alluviam: Alluvium—Continued
Upper member: . . Lower (?) member—~Con. -
Wash, sandy, gra}__ 20 20 Clay (), hard... 3
Sand. .. oo oo 14} . 34 ‘Gravel, go0d..oooomens 19 "85
Grave], tight — 11 45 ! Paso Robles formation:
GraveJ sand, and clay.__. 10 . 55 Sand. and clay.... 10 105
Glavel small tight. ... 10 85 Gravel, ggod. .. . 35 140
Gravel 800 . e 5 70 Sand and clay. - 22 162~
Lower (?) Inember: . . 63 R — 42 204 -
Clay, BroOWleme e 3 73 .
9/32~-17K1. R. C, Lyman, On Sisquoc plain, Altitude 454 feet .
{Casing perforated 51 to 58, 269 to 279, 317 to 318, 365 to 370, 392 to 402, 410 to 415, and 423 t0'426 fest] -
Alluvinm: Paso Rdbles formation—Con.
Uppel member; Qravel, sand and elay.._. 4 274
_______________________ 7 7 Gravel and s2nd-comeeses 5 279
Gravel and boulders-_ 51 f- 58 Clay and streaks of sand__ - 16 295 .
Lower (7) member: Clay, hard... 15 310"
Sand and some gravel. ... 21 79 & .316
Gravel .ol 1 80 2 -317-
Paso Robles formation: . 1 318
Clay and gravel. . ._ooo.- 10 T 90 5. -323.
Clay, bard. woueoo 14 104 4 327
and. e 9 113 35 362.
Sand, clay, -and some
Zravel oo 30 143 5 367
Olay, hard 4 147 5 372
Sand._._.. 5 152 8 380
Clay, hard. . — 81 - 160 3 383
Sand and elay._._._ 17 177 5 338
Clay, sandy, hard.. 51 182 20 408
Sand, solid. .o 23 205 2 410°
Clay, sandy, and streaks Sand and gravel... 5 416 -
Of DAY e 22 227 “’Solid streak’’... 3 423
Gravel sand and hard Grayel and san 3 426
- S 23 250 SanA - e 14 440
Olay and streaks of sand.... 18 269 Clay, sandy, hard, snd ) -
Sand and gravel, water- streaks of fine sand. ... 30 470

el S 1 270

_ " 9/32-18A1.
[Casing perforated 50 to 60, 78 to 81, 80 to 95, 160 t0 162, 206 to.208, 330 to 300, and 388 to 406 feet]
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IMaria Dutra.

On Sisquoc plain.

Altitude 433 feet
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Thick- : Thick-| -,
2ess 1?1%’35? ‘ ness %ﬁgg)h
(feet) | * (feet) i
Alluviam; Paso Robles formation—Con, , 922
Urpgr mfftff _______________ 6 6 2 224
Gravel and boulders....-- 54 60 2 226
Lower member: ) 6 232
[2%s Y O, i 86
Clay and gravel.. 4 70 9 241
Sand and some gravel 6 76 - 11 252
. Gravel and sand..—meewrew 5 81 Sand, water-bearing.....— 6 258
Paso Robles formation: Olay, hard.... - 12 270
Clay, sandy. 9 90 Clay; sandy ... - 12 282
Gravel . ... & 95 - 8 200
Clay and sandeccceauncane 14 109
Safd, fine, and some 16 306
15 124 24 330
g 132
11 143 30 360
7 150 12 372
5 168 8 380
4 159 8 .388
3 162 4 392
44 208 2 304
.2 208 12. 408
7 AR 20 | E ©) 1), O, 2 408
9/32-24E1l. Sisquoc Investment Co. On Sisquoc.piain. Altitude 5¢5 feet
{Oasing perforated 15 to 46 feet]
Alluvivm; Consolidated Tertiary rocks; un~
Soil. [i] 8 differentiated:
Gravel and boulders.. 40 46 Shale " 524
Sha]e (?) and somse gravel. 6 52 .
9/33-1L1, M. V. Disz, On Sisquoc plain. Altitude 391 feet
[Casing perforated 90 to 115, 126 to 132, 175 to 180, 200 to 230, and 244 to 288]
Allpvinm:. - Paso Robles formatlon—Oon
Upper member; Cl 24 156
- Soil : 4 4 14 170
Gravel and sand-coca-oe 61 65 2, 172
Lower member: - . 5. 177
. Gravel and boulders ... 19 84 15 192
Paso Robles formation: : 8 200
Clay and gravel. .. ... 10 94 30 230
Gravel...cemes - 21 115 4 234
Clay and gravel.. - 5 120 &2 236
Clay. o aeaa 5 126 2 288
[€50:1-7-1 S 7 132
9/33-241, Santa Maria Realty Co. On Sisquoc plain, Altitude 379 feet
o Alluvium: Paso Robles formation:
Upper member: Clay and small pebbles.... 17 109
- 26 26 Gumbo and small peb- .
8 34 6 118
14 48 40 155
STV [ I, 16 64 13 § . 168
Lower member: . . . (0] 1684
Sand, boulders,and gravels 28 92
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TABLE 16.—Drillers.records-of wells in the Sante Maria 4VaZZey.,a‘rea-:Continued" .

9/33-5B1, ‘Bradiey Land Co. On Orcuttupland. Altitude 453 feet
Thick- | Depth { TBICk | pigpen
€ss ness o t)
{feety | (oD (faety | (e
Dune sand: Paso Robles formation: . .
o i 2 2 421 182
2 4 — 38 220
31 35 Clayand gravel ... 7 237
- 9 44 Clay and streaks of gravel. 20 256
Oreutt formation: Sand 91 265
Upper member; . 10t 275
Sand and streaks of hard 23 208
o2 V——— e 76 120 . 3 301 .
Lower member: ) 301+
Boulders, gravel, and .
streaks of clay. e oem 2 140
9/33-8K1. K. B. Norswing. On Orcutt up]aqd. Altitude 697 feet
an Paso Robles formation—Con.
Duue ® Sgﬂ ....................... 2 2 [ S 15 355
Sand. ceemcocm e 42 44 Saud hard.. - 5 360
Orcutt formation: O]ay 'and gravel. - 3 363
Upper member; . ' P - 12 375
63 o3 otV R ——— 21 65 Olay and gravel. - g 384
Clay and sand__ 6 71 Sand, hard.._- . 5 389
Sand, white. .-— 48 119 Clay 'end grave]. - 51 440
Clay 'and sand.... 6 125 Clay .« ceenee - 10 450
Sand, white..-- 52 177 - Clay and gravel. - 15 465
Clay 'and sand_. 3 180 “Hard rock” (7). - 5 470
Sand, white. .-~ 23 203 Clay aud gravel. - 10 480
Clay and sand.. .- 12 5 81&13'-.1 ..... - . g igg
. be - - Tavel. .. - :
Luaer m?r.ri_f _________ 22 237 Sand, hard. - 2 494
Olay and gravel.. 8 245 Sand. .. . 8 502
Grayel and boulders. 25 270 SOlaﬁ. - 18 gég
Robles formation: [ ls DU -
Faso oé}]ei IO ___________ 12 282 Gravel, cemented. - 6 526
13 295 Gravel'and sand.. - 7 533
...... 7 302 Clay and gravel. - 107 543
338 340 :
E -9/33~12B1. Frank Gonsalves. On Sisquoc plain, Altitudé 400 feet
. [Gasing perforated 58 to 88, 165 to 175, and 180 'tp 195 feet)
. lluvium: Paso Robles formation—COoh
’ ber: ay, red.-- - 10 150
OB 5 5 . Clay, yello 4w 18
53 58 glavel. .n.-, - 10 175
ber: lay, yellow.. - 5 180
LW&;’@Z?,’ __________________ 30 88 ’ Grav’el, COALSCm e rim e 18. 198
Paso Robles formation: ) .
Clay, yelloW omemmnmmveem 52 140 w
9/33-15D1, South Basin Oil Co. In Brad]'ey Canyon: Altitude 584 feet
[Casing perforated 348 to 350 feet] -
% ‘mation’ Paso Robles.fcrmation: "
Ow'*[}%i?éf“ niigé'm-: Clay and gravel. .. 38 258
13 1 2 2 Clay oo cvmmcin 4 262
Hard pan.—_.-.: 3 5 Qlay and gravel- 13 276
Sand and claye e 85 70 OConglomerate 18 293"
Sand, ﬁne white, wa o Sand rock. . 7 300
bear _________________ 15 85 Olay.coome 3 303
Sand and streaks of clay.- 65 150 Clay and sand-_ 40 - 343
Lowermember: - - Gravel, and.san - 10
Clairand gravel. .coeowmun 40 190 Gravelandclay. 19 372
Paso Robles (?) formation: . Sand, hard 2 374
Gravel and boulders._-.. 30 220
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9/34-3A2.

“’ar-Depnrtment, Santa Maria Army’Air Base,

_[Casing perforated 247 fo 251, 258 to 271, and 284 to 331 fest]

On Orcutt up]and _Altltude 271 feet

Thick-

. 8andy, white. . cemmeeo

“Thick-
: Depth  Depth
' ooty |, est) B (oo | (et
Orcutt formation: Paso Hobles formation—Con,
Upper member:, Clay, (gumbo), hard,

Top-soil 3 3 BTAY cmrm e m e e 10 238
N Hard pan, sandy 38 41 Gravel and clay.ome--e -1 237
Sand. .ooicmmeae 8 49 Clay, sandy, and gra vel_. 10 247
Hard pan, sandy 17 66 Gravel loose- ... 14 251
Gravel, not water: 40 166 25— 7 258
Norecord--vomermmonminn 13 119 Gravel and clay.. 2 260
Lower member:. . Gravel and sand 11 271
Gravel, Jargs and bou]dexs_ 46 165 Clay, yelow... 13 284
iPaso Robles (?) formation:. . Clay and gravel.. g 203
- -8énd, coarse, water-bear- Gravel, 10088. ..~ 9 302
bt o1 - SO 12 177 Sand and gravel.._. 12 314
Sand fing, sohd white.__ | 35 212 Clay and gravel_. 9 3237
Paso Robles formatian: 1 Sand and gravel 8 331
Olay, gravel, and sand.__.. 8 220 Clay, yelloW oo 18 350

“Hard pan”” a4d gy, - T ﬁ o ’ T -

226 .

9/34-3N4. _ City of Sants Maria.
" " [Casing perforated 481 0. 483, 580 to 505, 681 to 684, 701 to 719, 780 ta 786, 801 to 804, and 874 to 880 foet] '

On Orcutt upland. Altitude 255 feet

Paso Rohles formatlon——Oon

2 2 Gravel, water-hearing..... 2 483
{ Clay and gravel. .- 13 496
Upper member: Conglomerate. . 9. 506
CHBId PAN e mecmmmee 23 25 Clay and gravel ..o .. 75 580
Sand, fine. 10 35 Gravel and sand water-
Clay. ... 1507 80 bearing el e 15 505
Sand, hard 42 92 Clay and gravel 17 612
Clay and sand_ ..~ 14 106 Conglomerate... 13 626 4
Sand snd soms gravel. 6 i12 Beulders and clay... 56 681
Clay and sand. 33 145 Sand-and some grav _— 3. 634
B 154 Clay and gravel, hard._._ 17 701
. 8and and gravel, water-
. Clay, hard sand and . Jo1:1:0 ¢ ] A 18 719
some gravel ____________ 18. 167 Clay.. . oen 29 748
Gravel and sand_ oo 17 184 Clay-and grav 32 780
Paso Robles (7) formation: Clay and gravel water-
. Sand, white., .t vrenenne 101 285 .6 786
- Sand, hard, white. . oeuwwn 13 208 15 801 -
Paso Robles .formatlon
Clay and gravele cceocea-. 4 302 .3 804.
Sand, yellow., . vcovae 6 308 ; 70 874
Olav‘and gravel.  .._ 10 318 Sand and gravel-_ : 6 880
Olay, yelloW, ceamen - 50 368 Clay and some gravel.—... 20 900
Clay and gravel. [ 113 451 .
9/34-4F1. 'War Department, Santa Maria Army Air Base. On Orcuttupland, Altitude 225 feet
" [Casing perforated 259 to 267, 310 tg 328, and 337 to 375 feet]
., :Oreutt formation: = _ ] Paso Robles formation—Con,
Upper. member K Gravel and clay, sandy-... 8 267
Segil, sandy... 3 3 Qlay, sticky, yellow._. 14 281
Hard pan,’’ s8RAdY-ceea-. 38 42 Clay, sandy, vellow. .. 29 310
Clay, yellow, &nd gravel.. 38 80 Clay and gravel.._ 12 | 322
Clay, sandy, vellow. ... 36 115 Gravel, clean ... 4 326
- Lower member; . Clay and some grave 2 328
Sand and gravel:li.ee..._ .. 38 154 Clay, yellow_.. g 337
“Paso Robles () formation . Gravel, good..-. 26 363
Sand, white. L 98 252 Olay, sandy, and 12 375
Pa.so Roblesformation: | 1 [ Clay.....- 2 377
. Clay, yellow.... ol 7 259 Gravel and clay.._. 4, 381,

i
¥
r
|
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Tasrs 16.—Drillers records of wells in the’ Santa Maria Valley. area—Continuéd

4 292 | Sand._...

"8/34-10J3. Ida A, T'witchell., -On Orcutt upland. Altitude 361 feet
[Casing perforated 378 to 391 feet]
Thick-} pepty, Thick-| peptp
o5 | eet) oo | teet)
(feet) (teet)
Dune sand: Orcutt formation—Continued
1-¥ o< J O S | [ ] Loser member: -
Sand, bard. e 20 29 Clay and gravel ... .__._ 19 262
Oroutt formation: ’ Paso Robles (7) formation’
Upper member: Sand, white. . cvnemecnenn 90 352
22 51 |t Paso Robles formation:
7 58 [S1F:) S 4 356
44 102 Sand.. ... - 5 361
41 143 Sand and gravel. - 7 368
37 180 Qrave] and sand.. P 6 374
3 183 . Gravel..ooe_- - 17 361
9 192 Clay - 1 © 392
2 194 i Sand a.ud somae gravel._ - 7 399
16 210 () 15 2, 1 400
3 213
30 243
9/84-15B1. County of Santa Barbara, Orcutt Union School Digtrict. On Oreuttupland. Altitude 355 feet -
Orcutt formation: Paso Robles (?) formation:
Upper member; Sand, yellow... 45 245
i 2 2 Sand, white..__ 88 . 333
. 10 12 | Paso Robles formation: .
Graveland sand..._______ 3 15 7 340
Sand and streaks of clay._ 135 150 2| 342
6 156 y.. 8 350
9 165 Sand and gravel.. 12 362
5 170
Sand snd streaks of clay-_ 30 200
10/33-18C1. La Brea Securities Co. On Santa Marja plain, Altitude 267 feet
{Casing perforated 115.to 140, 300 to 338, 341 to 363, and 395 to 415 feet]
Alluyium: Paso Robles formation—Con. .
Upper member: ““Quicksand,’’ blue.. . 8
5 5 Clay, blue__.. - 10
86 v “Quicksand’’.. - 7
Lower (?) member: Gravel..._. - 53
Boulders, gravel and sand. 44 115 Clay, blue..... - 3
Lower member: Gravel and clay. - 22
Sand and boulders. ... 25 140 ‘'Quicksand”’ - 14
Paso Robles formation: (0375 JN— - 18
BY [ .3 143 Gravel and clay - ccooemenn 25
O}ay and grave],. 9% 242 {| Careaga sand: B
Clay, blue . 18 260 ‘Sand-and-shells. .o cmens . 20
. 10/33-18G1. La Brea Securities Co. On Santa Maria plain, Altitude 273 {feet
[Casing perforated 132 to 142, 288 to 320, 336 to 340, and 408 to 422 {éet]
Alluvium: Paso Robles formation—Con,
Upper member:; Clay and gravel.. 4
S0Ml e e 4 ¢ Gravel.. oo 4 :
Sand and some gravel g5 99 Clay and gravel.. 134
Lower member: Grave), solid. 6
Gravel and boulders 6! 105 Gravel, Joose- 2
Clay and sand. 19 124 Clay and grav 18
Sand, clay, and some Gravel. ... 8
gZravel oo 6 130 Clay and gravel.. 25
QGravel and boulders . ... 10 140 Clay, blue.t__ 4
Paso Robles formation: Sand, hard. 23
60 200 Clay, harde .o coeeeoanne 18,
23 228 | Careaga (?) sand:
52 280 (Gravel and 880d aeaeeen 15
8 288 1| Careaga sand:

SELECTED WEBLL LOGS

145

TABLD 16.—Drillers records of wells. in the Santa Maria’ Valley area—Continued

10/33-18H1.

{Casing perforated 135 to 145, 230 to 245, 242 to 24&, 255 to 260, 285 to 305, end 395 to 414 feet]

La Brea Securities Co.

'-‘bniéant& Ma;iqp'lain. Altitude 276 feet

Thick-

Thiglk- |

Depth Depth
ness | ness
(fest) | (feet) (feet) (feet)
© Alluvium: Paso Robles formation—Con.
Upper member: Gravel. oo ooon 2 296
S0 e e e 5 5 -~ Clay and gravel.. - 3 299
Sand and some gravel.... 75 80 Gravel. ... 3 302
Sand and gravel...oo..... 18 96 Clay and graveL_ 53 355
Lower member: Clay, sandy.. 13 368
Clay and gravel 14 110 Sand, bard. . 11 379
Clay and sand. 18- 128 Clay, blue, hard.. - 20 398
Clay and grave! 7 135 Gravel...___.__ - 2 401
Gravel and boulde: B 141 Clay and gravel. . - b. 406
Paso Robles formation: Gravel . .oo.o__ . 3 409
Clay, hard... 59 200 Clay and gravel. - - 1 410
Clay, blue a3 233 Gravel..ocaa- - 4 414
Gravel, small, and san 2 .- 235 [0 F:1 - 2 416
Clay and gravel. e 4 244 || Cargaga sand: .
Sand and gravel. 2 248 Sand and strata of sand .
Clay and gravel. 9 255 . endday t124 540
Sand antlLgravel. 2 25711 Corfsolidated Tertmly rogks, S
Clay and gravel. 21 259 undifferentiated: M
Sand and gravel. 1 260 Olay, dark, hard - 45 585
Cley and gravel. 11 271 . Shale, brown [€:4:1) N— 40 625
Clay, sandy. ... 4 275 |{ Franciscan and Knoxville (7) for-
Clay, blue, hard. 10 | 285 mations:
Gravel. ... — 7 292 Sandstotie; hard. o eeeee 8 633
Clay and gravel_.____ ... 2 204 ’
10/33-18H2., La Bres Securities Co. On Santa Maria plain. 'Altitude 272 feet .
{Casing perforated 126 to 150, and 310 to 317 feet]
-+ 'Allgvium; - Paso Robles formation—~Comn.,
Upper member: . O]ay, blues 9 303
- Boil__: 4 4 G 309
4 8 1 310
iy 1 9 3 313
Sand and soms gravel.- ... 89 98 1 314
Lower member; ) [ 3 317
QGravel and sand—__. 12 110 (03 1: 3 320
Sand-.oeeves 15 125 {| Carcaga sand
Gravel..... - 14 139 |§ o Sande e 12 332
Paso Robles formation Sand and some gravel_... 7 339
. Clay, brown, 50 189 Quicksand” oo, 44 383
Clay, blagaemo... 3 192 Sand, hard.. oo ) 6 389
Sand (gulphur water 2 104 Gravel and ‘‘quicksand’’. 3 392
Clay, blue ... [ 200 Sand, hard. . eaeoes 4 396
Clay, sandy, blue. 10 210 Sand emcla 3 -399
Clay, DU oqpae 40 250 Sand cla’ 16 415
Clay, blue. 19 269 || Comsclidated Tert: .
Sand.... 2 271 |l - undifferentiated: -
Glay, blu 14 285 Clay, hard (shal6?)amncn- 25 440
Sand. ... ] 204 L
- . 10/33-19B1,. O. T, Rice. On Santa Maria plain. Altitude 275 feet
[Casing perforated 92 to 97, 116 t0.125; 190 to 215, and 238 to 248 leet]
Alluvium: . Paso Robles formation—OCon. -
Upper member:; 14 164
....................... 4 4 y 26 190
Saud and gravel - 81 85 Olay and gravel. 10 200
Boulders end gravel ... 13 98 Gravel ... _ 11 21
Lower member; QOlay, tough.. 19 230
8and ., e 16 114 Clay, blue.... 8 238
Gravel and sand. - 11 126 Clay and gravel. 48 286
. Boulders and sand._. - 7 132 Clay, tough, and 21 307
Paso Robles formation: . ) :
Clay and gravel . ... __. 18 150
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Tansre 16.—Drillers records of wells in the Santa Maria Valley area—Continued

10/33-21F2.

M. J. Santos:-

"On Santa Matia plain.

Altitude 312 feet

[Oasing perforated 90 to 140, 170 to 203, 243 to 254, 274 to 310, and 330 to 337 feet]”

Thick-

Thick-| - Depth
Depth - ness D
. e,
(?aes% (feet) (fead) (feet)
Alluvium: Paso Robles formation—Con. | o
Upper member: Clay, bl woocomnaa ™ l2 220
o)1 ST 4 4 Sanda.ndc]ay Ioosesulphur i 226
3 16 20 Clay, blue - 20 248
lay 1 21 Gravel.. B 251
Sand and some g1 ave 64 85 - Clay, blue, and 27 278
Gravel and sand.... 12 97 Gravel 1 ) 279
Lower member: . Clay.. 3 282
Clay and boulders........ 3 100 Gravel.. 2 28
Gravel and boulders. 6 108 Clay, tongh. 6 280
Clay and boulders 16 122 'Olay and strea 10 - 300
Gravel.. .______._ 2 124 3 303
Clay and gravel.._ 4 128 © 4 307
Gravel. .voecouan 7 135 3 310
Clay-and gravel.._ ... 4 139 15 325
Paso Robles formation; Gravel and day, Toose 7 332
- Clay; blue, and gravel ... 31 .170 Gravel and clay.. , 2 33§
Clay, sulphur. - Ceeeenon 2 172 Gravel. oo 3 337
‘Clay, blue, and gravel ___ 16 188 Cm eaga sand:
Clay, sulphur_ v ammm————— 2 190 Clay. . e 186 353
Olay and gravel. ‘13 203 Saudstoue, hard. 3 356
Olay sticky. ... 11 214 San d_._-") ______ -4 360
Gravel and clay. 4 218 " Sandstone/ hard.. o —eene- 1 361
10/33-21R1,. L. H. Adam. On Santa Maria plain.  Altitude 323 feet
[Casmg perforated 05 to 104, and 115 to 150 feet]
Alluvinm: Paso Robles (?) formatwn, .
Clay, hard. 8 144
Uppse o 1Inembﬂr .2 2 CE;,G)J.Y, bgle 14 158
0; a L.._ 83 © 85 || Careaga 581 .
Lowse?;ge%lgei e grave . . Sand, blue; fine, and a’
Gravel and sand; sohd-.-. 16 100 | little pravel .. .t .. 10 168
Gravel .o 4 104 Clay, blue, and she]ls _____ 8 176
Clay and sand..—.ccoeen 10 114 1| Fr ancxs%an and Knoxville (7)
i - 9 123 formations:
85233%: ﬁ%?:’..af.c.]?_}i'_,- 7 130 Sendstone, hard, blue. ... 64 240
6 136

Gravel, tight...

Newball.Lénd and Farming: Co.

On Santa Maria plain,

10/33-27R 1. Altitude 353 feet
[Casing perforated 130 to 224 feet]
- i H Paso Robles formation—Con.
Anu%y;f'member: Clay snd-gravel. 1‘% llgg
S5 O ] 5
Sand and gravel .__...: 43 48 lg %gg
Gravel, cemented. ... 10 58, . m
Sand. . e 37 95 ]18 P
Lowar member: A 0
Gravel._. 3 98 1 :
Sand..... 31 129. Clay and bou]ders 3| 216 .
Gravel, coars 12 141 Gravel . ccoaccommmee 8 224
Faso Robles formation: ~.(Qlay, tough,.and sand___. 13 237
Gravel, cemented. . omoven 5 146 Clay (1) anq some gravel... 18 256

SELECTED WELL LOGS .,
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Tasri 16.—Drillers records of wells in the Sania Maria Valley area—Continued

10/33-28A1. Joe Soares. On Safita Maria plain, Altitude 325 feet
[Casing perforated 100 tq 215, and 242 to 335 {est]
Thick- | Deptn TBIK- | Dopin
TS| (teet) 2881 (feet)
(feet) (fest)

Alluvium: Paso Rables formation—Con. .
Upper member: GClay, sandy, blue..._.._. 10 243
Sofl .. 5 5 Gravel. oo 17} 260

© Sand.. 45 50 Gravel and sand, water-

Sand and small gravel____ 40 80 bearing. ... 20 280
Sdnd, bar 54 -95 Gravel___. 12 292
Lower memb : No record. 1 293
Gravel 9 104 ravel . ____ 7 300
Qravel, cemented._-.__-_ 41 ] - 145. Glay, tough,blue 3 303
Paso-Robles formation:. : ravel. .. 11 314
Clay and streaks of gravel, 13 158 Clay.. 2 316
Clay and boulders._______ 3 161 Gravel 4 320
-Clay and streaks of gravel. 31 ‘192 Clay.. 5 325
Clay, tough, blug.—.. ... 10° 202 Gravel. . 10 335
Clay, blue, streaks of sand- 13 25 Clay and boulder e 7 342

Sand, soft, blue....... - T12 227 {j Cereaga (?) sand: .
glasé sticky, blus. . g gao, Sand snd small gravel _..._ 32 374

.................... 33 :

10/33-30L.1. R. R. Bush 0il Co.

On Orcutt upland.

Altitude 310 feet

[Casing perforated 190 to 210, 218 to 244, 268 to 286, 310 to 315, 327 to 342, 335 to 418, and 450 to 485 feat]

Dune sand: Paso Robles formatlon——-Ceu
Sand.__... S 20 20 Sand, gravel, and boul- y
Oroutt formation: T - 18 286
“Hardpan. .. . ._.____ 34 54 - 24 310
Clay, boulders, and : -— 5 315
Bravel. e 81 . 135 Clay and boulders._ ... 12 327
Paso Robles formation; Gravel and boulders, .
I , 5 140 ‘water-bearing. .....___.. 15 342
Clay and boulders_- S 54 194 Gravel and boulders - 76 418
Gravel, water-bearmg..__ 5 199 Olay and boulders._._..._ 32 450
Gravel and boulders........ 11 210 Sand, gravel, and boul-
Clay and gravel. ... 8 218 d .25 475
Gravel and sand... 28 244 10 480
Clay and gravel...ae ... 24 268 15 |, 500
10/33~33H1. E.L.Sargent, ©On Orcutf upland. 'Altitude 402 feet ,
[OCasing perfarated 204 to 232, 245 to 250, and.270 to 280 feet)
'I‘errace deposlts . Paso Robles iormat:on
Soi 2 2 Clay and sand_ .o 8 140
Orcutt. {forma tions Clay andigravel. . 38" 178.
Upper-member: Gravel. .o oo 3 181
Hardpan . oo oo 14 | 16 Clay and.gravel 15 196
Olay and streaks of sand... 38 55 | Clay e e 3 204
Clay and gravsl.._ 10§ 66 Gravel, W’ater»bearmg 28 232
g 73 Clay,. yel]ow.. ________ 14 . 246
17 90 Gravel.:acceo .. “ 3 249
12 102 Clay and gravel..... 23 272
7 109 Gravsl.. 6 278
. 10 288
23 132 2 280




Alluvium:
Bilt.

Oonsolidated Tertlary rocks, un-
dlﬁaregtlated

may,' Bifte, SUIpAUTOUS
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TapLe 16.—Drillers records of wells in the -Santa Maria Valley area~—Continued Tastr 16.—Drillers records of wells in the Santa Maria Valley area—Continued
. 10/33 3¢H1. Dan Donovan,, On Santa Maria plam Altitude 352 feet 10/34-2R1. Gracio Apalatequi. On Santa Marla pj;in. Allitude 230‘[ee‘3t
[Casing parrorated 70 t0'80, 86 to 145, 160 to 191 220 to 234, 237 to 238, 257 to 265, 275 to 282, and 293 to 300 fest] : [Ossing perforated 106 to 130, 180 to 180, end 221 to 226"1961:]
Thick- Deptl Thick- Depth Thick- | popiy Thick-
(feet eet, | (tee ness
(feet) (feet) (feet)
Alluvium: Paso Robles formation—Con. Alluviam: s {orTrat o
Upper member; Clay, sand, and gravel._.. 237 Upper member: Feso RObi?v?r_?.BE?n Oon. 1
oil ’ 10 CGravel.o_ooo. 238 . ‘ . ey L
Sand and streaks of clay__ 45 Clay, har 257 N 98 | © 100 Grave " 2
Q@tavel and -boulders. 50 Gravel .. .._.__._ 259 . Clay and sand. 10
Clay........ 70 Clay and gravel 05 o Gravel . 20 129 Sand and some gravel 4
Gravel.. 81 Clay, sandy, and scme 275 Careaga (1) ssnd gr .
Clay......- 8 1 pravelo....f 100 W5} GlB¥eoee e 46 i
Gravel, coarse._ — 88 282 3 - 71 %gg PN
Paso Robles formation: 293 i 1 187 %
Gravel and streaks of clay.. 7 95 g?g 1 glﬂ-Y and gravel.. - 8 185 13
50 145 lay dnd szmd __________ 2
5 150 320 5 221 5
5 155 370 . . '
Gravel and clay. . 15 170 375 10/34-5R1. La Brea Jecurities Co. On Santa Maria plain. Alhtude 175 fest
-.Gravel, muddy_. - 6 176 Sand and some grave]“.- 379
Clay and gravel. N 13 189 Sand, hard ... ... . 384 [Cesing perforated 125 to 158, and 192 to 238 Ieet]
Gravel . ..o - 2 191 Olay, hard, and gravel._... 395
Sand, clay, and gravel_.._ 16 207 Clay and grave] __________ 400
Sand’ and some grave).... 11 218 Sand, fine, and streaks . Alluyium; Alluvium-Gontmued
BY e e - 2 220 ofclay.. 416 Upper member; Lower member—Continued
Qravel, cemented. - 18 233 Clay. ... 4164 B e 10 10 Saxid, hard. 2
GrAvel e 1 234 Sand, fne, and clay..._._ 52 62 Gravel. ... - 4l
Sand coarse, and gravel_. 22 86 || Paso Robles formation:
- ——————————————  #" | Cla¥ee 20 Clay and sand._. 19
] . ; Olav and gravel. 5 85 le grav ‘
10/33-3572, A.F,Fu On Sisquoc plain. Altitude 366 feet w0 o AR GG BlAVel e Sand and a little gr: 12
/ g quoc p Lower member; . Gravel and boulders.. 43
[Well abandoned] lg llgg Sand i
Allavium; Careaga sand: d b 2
Upper -member; Clay, saudy, brown...._. | 10/34-7TF1. Antone S . i ‘Altity
2] 4 Clay, sandy, blue, and one le" On Santa Maria plajn, Altitude 16] feet
g,]ag and gravel. zg clam shells.coiomoamaae 140 [Casing perforated 104 to 108, 121 to 168, and 195 to 198 feet)
-3 T« RO \ . :
- Allavinm: Alluyinm—Continn
— ed
* 10/33-35R1. A. F.Fugler: On Sisquocplain. Altitude 370 feet Uppff; ;Enenslfgg} 6 : Lower member—Continued
[Oasing perforated 62 to 74, 141 to-170, 182 to 185, 200 to 206,.and 216 to 266 feet) S?d-*’md clay 52 sg Gravel, cosrse. ... R — 3.’;
- . ardpan’’ 3
Sand and dlay.. 28 gé "
Alluvium: Paso Robles formation—Con, ""Quicksand’’_._._ 8 97
Upper member: OlBY et 4 101 V.. 2
Soil 4 Lower member: Boulders and ( c]ay zg
20 Gravel and e}8y.oenoccaus 9 110 “‘Quicksand”_. 19
28 Clay, yelloW e 10 120 Clay, yellow._. - 1
Boulders and c'lay 30 ; FR - o —
Boulders, Wat{adnbearmg_. 40
Clay and: boulders. - 47 . R [ . o
[0 5 2 62 10/84-8F11, DMrs.. Virgil Alexander. "On,Santa Maria plain. " Altitudé 176 feet’
Gravel and sand_..___.... 72 - . , . ’
. Paso Robles formation: o ) [Casing perforated 103 to 152 and 183 to 200 feat]
¥ - _ . :
87 iS\Tand and small gravel.... Alluw‘um-
133 0 T6C0rd c e cmmu e e cadl ; A.Duwum-——Cont
135 - Sand and gravel _.oeo_._. } “Upper member: ’ Lower memblgrll?-%ontmued
140 Gravel, boulders, and e 10 10 “Hardpan".o___.____.__ 3
141  SBNG e 30 40: Grave coarse, water-
10" 50 DeBTIE e 49
- : - 20 70 1 Paso Bobles formation;
10/33-86A1. La Brea Securities Co. On alluvial plain. Altitude 367 fee lg gg glacyl. yeﬂgw 65 (A 28
) Y- and, hard.... 3
Casing perforated 30 to 76 fesf Olsy and gravel. ... ... 4 -
[ g periora ] .- Lower member: o gf:vel - 17
Gravel, COArS6.n-..... .. ‘% 100 Y e 2
A]Iuvium—Oontinued

-




[
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TaBre 16.—Drillers records of wélls in the Santa. Maria Valley area—Continued

10/34-9D1:

I. _Rémbush. On Santa Marja plain.

Altitude 183 feet.

{Casing perforated 110 to 151 and 180 to 230 fest]

SELECTED WELL LOGS .
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TABLE 16, —Dnllws uzcords of wells in the Santa Maria Valley area—Coutmued

16/34-13G1.

LB Brea Secunhes Co.

On Santa IVIana plain.

Altltude 253 feet

- [Casing perforated 136 to 160, 165 to 170, 364'to 350, 363 o 373, and 390 to 395 feet]

Thiclk- Depth Tnhé:f Depth Ti]ésgf Depth ' Théck- Depth
DESS 1 "(feet) (foet) (feet) - 2088 1 (feet)
(feet) (feet) (feet) ) (leet)
Alluyium: Alluvium—Continued Alluvium: Paso Robles Iorﬁlation~00n, o
Upper member: Lower member—Continued - Upper member: .+ Sand, clay, and gravel. .. 10° 230
803] e e 5 5 Gravel and bou]ders ______ 43 151 Soil . 5 5|l Y o e e ;e 33 263
Silt. 5 10 || Paso Robles formation: . Sand and gravel 55 60 Gravel notwater-bearmg_ 15 278
Sand and gravel . ... 20 30 3 154 Gravel and boulders 40 100 Clay, hard. .. ccecaeme . ' 42 320
Clay and sand-... 47 77 21 175 Lower member: . . Clay, hzld and gravel--__ 22 342
Gravel and sand... 5 82 61 236 LS 17 ur Clay, bl 2 344
Gravel, hard . .oceeouoono 14 86 2 238 Gravel ool 1 128 Gravel. ... _ 2 346
Lower member: . Sand, hard, 8 136 Clay-and gravel - 9 355.
S-S U S 12 108 Gravel o coedccann 12 148 Gravel. .. N 5 - 360
Clay and gravel. 4 152 Clay gnd; gravel. o __ 3 363
Gravel e ———— 6 158 Gravel and $and, Ioose_-_. 10 373
X . Paso Robles formation: Clay and gravel 19 392
10/34-10E1. L. C. Donati. On Santa Maria plain, Altitude 198 feet Clay and gravel 71 165. Gravel - coocceeanen 7 394
o . e Gravell i i -3 '168 Clay; gravel, and sand..._ 30 424
[Casing perforated 136 to 221 feet] 6 174 - Send.and some gravel. .. _ B 430
40 214 Clay, bard...oome o __ 20 450
S5 0 G P 6 220 . . :
Alluvium: Ajluwum——Oonmnued . .
Upper member: : Lower member—Contidued 2:'3! - )
Soil 4 4 f .
Sand 26 30 P 10/34-14E3. City of Santa Maria. On Santa Maria plain, Altitude 225 feet
Cl 4 34 16 . . - .
s;ﬁ;_‘ 31 65 ' [Casing perforated 87 to 109 and 164 to 181 feet]
'c'%Hardlp 2 ' ;g Cl d 1 13 ‘ ) i
ravel.. ay and gravel. . .
Olayv.e_ — 11 90 Gra)"?el- . Ef- 26 Alluvium: Alluvium—Continued
Sand, compa 5 95 JEN S 2| Upper member; Lower member:
"‘Hardpan’’ 2 87 Grave, 42 - 1 1 19 109
"+ Lower member: ClAY e n e m e 1 5 6 1 110
Gravele .o ceeacmmaccees 1 98 : ol 35. 42 7 117
' 2 44 19 136
10 54 21 157
) é’ gg 7 164
10/34-12B1., C. C. Mitchell. On Santa Maria plain. Altitude 230 feet .
/ e n » - - o i . 5 S S g . 6739 %and alnd some pebb]es___ 2 166
Nasing 2 o - ravel, comented... 1 TAVEL. e 16 182
[Casing perforated 130 to 147 feet] S ropel. 16 i »
: Gravel [e1CE-5 SO 3 80
Alluvium: AHuvium—-Continued
Upper, member Lower member: " .. ] e
4 4 Gravel. . mwooomcommme e - 48 . . .
30 34 || Paso Robles formation: - 10/34—16N1 E.and G; LeRoy. On Santa Maria plain. Altitude 187 feet
8 42 .Clay and gravel. .-o—.—-= - 47" i
40 82 gan% hard, and gravel... 6 [Casing perforated 89 to 119, 135 t0 160, and 175.to 206 feet]
16, 08 S . N
: Alluvium: . Alluvium—Centinued
AN Uppef member: 6 Lowgll- memger——Ogntmued'
10/34-12J1. F. N, Silva, On Yanta Maria plain. Altitude 255 feet BY e : 6 ay and gravel .oveeecs 17 152
/ Y wia p Sand..__. 71 77 Gravel and boulders. 8 160
[Casing perforated 110 to 114, 125 to 155; 182 to 208, 224.t0.228; and 283 t0:237 feet] Clay and.gravel.. 12 8¢ || Paso Robles formation: '
- Lower member: . PR 2 15 175
A Gravel and boulders......_ 30 119 Gravel and boulders. 35 210
Alluvinm: .Paso Robles formation—Con, B e — 16 135
Upp€1 member: Sand and some gravel ... 12
[0 5 5 %and %ng grc%vel---&-- lg
d and gravel- 85 90 ravel, bard. . .._ 23 . .
SGarl;,véindr:;;d % 1% Olay, D6 oo 5 . 10/34—151)1. Dan Dorevan, On Ssnta ‘Maria plain.  Altitlude 147 (eet
Lower member: 4 1 grave§.h_-.i _____ ; g _
1 1 ravel, hard. ... .
8 122 O]ay, [T 6 Alluwum A.lluwum——Oontmued .
33 155 and. . 6 .+ Upper member : ) Tower member—Continued
O]ay, (TP 1 Soil, sandy: 3 3 2 108
o Sand. - 5 8., 14 12:
23 178 2
Clsy . 2 10 10 132
- - 8and e 22 e 32 Grav 9 141
Olay ... 42 T4 Paso Robles formation:
Clay, sandy..-.o-.-ooomv 16 90° BY e i 31 172
T.ower member: Grave], cemented. . - 2 174
8lravel and sand...... B 96 Gravel... - 18 192
ay.. 8 102 Clay.mua- -
. Shpwel 4 106 7 12 204

:
'
i
i
!
:
[
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TABLB 16,—Drillers records of wells in the Santa Marza Valley areawContmued

On Snnta Mana plsm

Altitude 154 feet

SEI:E»OTED  WELL LOGS |
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T4BLE 16.~—Drillers records of wells in the Santa Maria Valley area—Continued

1 0/34*23L2

vF .A. Newlove, . On; :Santa, I\'Iarxa plain.« Alutude 1232 feet

,10/34~18P1. Olga Giacomini,
. [Casing perforated 95 to 120, 155 to 180, and 188 to 234 feet] [Casing perforated 153 to 214 and 226 to 266 feat]
ok Thick: | 1, ol “ .
Thick-| Depth Tn&ss Depth Thick Depth Thicks- Depth
ness (teet) - .. (feet) ness teet) “ness | Dep
(feet) (teet) (feat) | \I€€ (feety | (feet)
- Alluvium—Continued Alluvium: . AHuwum—-Oontmued
Auu{%;;r' mémber: Tower member—Continued ‘Upper member: Lower member—OContinued
Soil, sandy . ... 8 8 3 lig 5 5 - Gravel and sand.._______ 8 158
A0G . e 38 46 |- 1 1 31 36 Paso Robles formation; :
Clay. ...~ 3 40 8 157 Clay and gravel. 4 40 ‘Gravel and boulders, :
“Quicksand” - 31 80 |1 Paso Robles formation: ) Gravel_. 40 80 cememed_ ______________ 49 200
“Hardpan”’ 8 88 Clay, yelloW.o el 5 162 14 214.
Lower member: 1 Gravel, coarse. ... - 14 176 Sand and gravel __________ 20 100 10 224
Gravel, coarse, water- Clay and Eravel. .cqeeee. 10 186 Tower member: . ) 0 224
Bearing. oo 19 107 Gravel, coarse - 2 188 Clay,Hard, and boulders. 20 120 .38 266
“Hardpan' ... - 2 109 “Hardpan’_.___ — § 193 Gravel 6 126 4 270
Clay and gravel. - 12 121 Gravel, ¢oarse — 41 234 Olay and gravel. 24 150 .
Gravel, fine, dirty.. - 15 136 (G311 3 237 .
Clay, 7ell0We e 4 145
» - - : 10/34~24E1. Union Oil Company of California, O ia plai i ‘
-10/34-20F1. Ulisse Tognazzini, On Santa Maria plain. Altitude 172 feet . pany iornia,  On Santa Maria plain.  Altitude 254 feet
. [Oasing perforated 650 to 657 and 692 t 710.f
{Casing perforated 90 to 130, 140 to 176, and 196 to 238 feet] 1 0 eet]
Allvhom: Paso Robles 1 jon—
Alluvinm: Paso Robles formation: Upper membet: 50 Holles formailon—OCon. o

Upper member; 10 14 SO 5 5 Olay, hard .. 43| 464

Zeofl 6 [ 36 7! Sand and gravel. - 25 30 Qravel and clay" 4 468
Sand. L TTTTTTmmoTT .2 30 20 196 Grayel and boulders..____ 30 60 Gravel - 30 | 493
Sand and streaks of clay.- 45 75 45 %ig Sand and gravel.__.______ 14 74 Send_..__.__ 15 513

Lower member: Lower (?) member: Clay and gravel. 3| &8
Gravel. oo 33 108 : Gravel and boulders.._._. 4 115 Gravel and sand W | e
Ciay and gravel = 3 111 Lower member: Grave] and clay. - 1l sy
Gravel. .. ocomeee 19 130 Gravel and saud. 5 120 Sand and gravel. T Py 539

Olay. .. 6 126 Gravel and clay._________ 11 550

: " g;gg{ sant% a.gd 18 i45 Gravel,- sand and blue

R . . N water-bearing. ... 5

10/34-21G1.  J. Moretti, Ox Santa Mbaria plain, Altltuﬂe_ 196 feet ] ‘Paso Robles formation: 8 ¢ ) ES ggg
[Casing perforated 150 to 160 and 108 to 218 fest Glravel water-bearmg._-_ .2 174 - o1 637
‘ 10 184 Sand and clay, SOft_ e 13 850

- %g ;gg Saéni and gravel, water-
iuro: Alluvium-—Continue earing. 7 857
Auu{]l;r[)’éf member Tower member—Continued . 10 -218 Sand, hard, and da 4 661
Soil. 7 7 " Qravel and boulders.._...., 25 160 12 230 Gravel, h 8 660
Sand. oo 33 40 || Paso Robles formation; 10 240 187 o 51 674

Gravel and 5and.— - 45 86 19311 SO S — 8 168 23 268 8and and som .

Lower member: - ! Graval and boulders 50 218 . 30 298 loose.___________ ' 10 684
Clay and boulders_.____._ 15 Sl )3 2 242 1 81¢ Clay and gravel ____ 8| 602
Sand, gravel, and boulders. 35 135 Sand gravel, and boulders. 6 248 lg gég Sal?d and gravel, water- i

) ) ‘ earing..______ . 1
giay aﬁ1d dgrave] 63 401 . Gravel, packed. - i ;ig
10/34-22R1. G. T, Wheat, On Santa Maria plain. Altitude.217 feet © Ay, har 16 447 Conglomerate.. .~ """ M| 74+
[Casing perforated 118 to 242 feet) _ e
10/34-2711, 1. Morrison. On Orcutt upland, Altitude 246 feet '
Alluviam: Alluwum-@ontmued - i
! Lower member——Oontinued
Uppsegii:?eﬁggg; 6 6 "Gravel. . 2 Hg Dune Sﬂéld 5 Paso’ Rogles ﬁirmamun,
. 27 a8y Gravel,notwater-bearing., 44 M8 .. .4 . oSand. ... 2. ravel. . ____ 25
. - 4 8 124 Orcutf}t formation: . Olay and gravel. 10 ﬁg
5 49 12 136 - prer membe’r', Gravel.... .. 20 165
""""""""" 6 55 4 140 SH%rdpau - "1 34 Clay, sandy 1 176.
£ 8 9 1142 L and. .. ___ 72 75 Tavel ... o._._ 4 180
* 15 84 4 148 ower member: - -
8. 92 || Paso Robles form%t o]n. 10 24é Olay and gravel__._.__.__ 35 110
; ber: ’ Qravel and clay. ..
Lowéga?zrrlxldgravel__ m— 2 94 Clay and sand.__._. 3 252 .
Sand and gravel. . eou- 14 108
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TasLe 18.—Drillers.records of wells in the Santa Maria Valley area—O'ontinued.

) i . TarLe 1 —Drillers d ; | . P i - S
10/34-28C1. Stephen Nicholai. -On Oréutt upland. Altitude 215 feet G.—Drillers records of wells in the Sante Maria Valley area——Continued

10/35-571, Union Sugar Ce, On Santa Marja plain. Altitude 79 feet

[Casing perforated 188 to 191 feet]
- [Casing perforated 137 to 144, 176 to 188 225 to 230, and 250 to 280 fest]

i
.
! Chicks | 1y . hick-
i TRICk: | Deptn , Thiek | Depth : ( a
(teet) | (feet) (feety | (eet) % co Thicks| peoo [ ' < Thick-
. et : ‘ : (?e%s% (feet) |[' - - . . ness %:53‘
OrnuUtt formatio%: Paso Robles formation: 1 . . . N . . . (ieet)‘ -
pper member: : 8 122 g : . . .
Sand 3 3 29 151 Alluzlom: b : [ Alluyium—Continued
i A 2w Pt A e»
San]c;'_?__;“_—__x--_ 17 87 9 78 Clay, sandy, yellow......[ . 6| 10 11 Graéyv,ely—e.ho_x'v_.___-_:_____.__ lg 178
Clay and gravel. .. 10 g7 7 185 8%:3: gﬁl}gw g? - 32 || Paso Robles formation: 188 : H
Lower meniber, T H i Ty Sand, blue._. 5 fond and dlay. oo oo 2w
Clay and.gravel ... 14 102 ' Lower Iﬂemb}er : Gravel o ov-- -llg gg
Sand and gravel _________ 12 . 14 g]raa}:;e})lue ..... — 30 137 |} Olay,.yellow.. g 233 !
: : : Sand, yellow. .. w1 gf;gg;enow 2
- ; i eem 35
10/34-30C1, TUnion Sugar Co. On Orcutt upland. _Altitude 182 feet 'Gravel‘"""”'""“"*f“ .8, 167 M. . Clay, blueo v 11 %’39
QOreutt formation: Orcutt (oriatloﬁ—Oontxnued b . . . v
: Upper member: “Upper member—Continued . 10/35-7F1. M. I, Ellis. On Santa Maria plain. Alfltude 4 feet £
Sand ' 2 2 Sand, fine 4 87 — _ : "
o 7 = £ U U Ry - - . . . N N
1 3 Gragel - 18 ¢ 103, AHuwum : § T
3] : .
ig gg ’ Lowe?]:;nér%nb%}: 153 - ne. *  Upper.member: Allugllé’rn—Conhnued
T 10 45 1 - Gravel, “go0d" . 471 163 SOl - 68 s - éﬁan;eazﬁgerzcgmmued
15 80 Sand anid clay. e " Quicksand” Tl w 100 Gravel, cloan oo 18 240
21 81 Sand, fine. 18] 165 Lower O member, 7T | L || Paso Robles forimation 1y s
[t nd streaks. .
2 83 s Lower members O C8T 40 140 glag_.__ 14 220
(Gravel; smaH ___________ . 5. 145 v O%nu - 19 245 .
. ) e SBDd and clay ____________ 47 192 V- - 4 249 -
~.iO/34—34K2. War Department, Santa Maria Army Air Base. On Orcutt upland. Allitude 242 feet B . i T ¥ .
, Dume sand'i . ‘ Paso Rob]e%(?) }I;?rm(a?t)lon ) 10/35—7G1 John Jenkins. On Santa Marid plain. Aliitude 55 feet
+ Soil, 5804 F . v cm e 10 10 Sand, white ——— 14 150°. TC
: Sand, bard- oo 10 2% C]gyy yellgw, i 12 \ [ asing perforated 138 to 160, 191 to 19¢, 202 to 208, 268 to 281, 320 to 357, 301 to 368, and 375 ¢
§ Orcutt fcrmation: Sand ‘11 173 ; 0 387 foet]
Upper member: " Paso Robles formation: B ' , y : - S—
: - . 11 :
: S 8and. e ?8 gg Clay, dark . ; Al H{Tl];l;;r member: ) Paso Rosblesdforxgaglon
4 : . : and and clay, selid-_._. . '
: 15 95 i 8}:}2 and gravel. g Sotlceooen é 13 . glag and gravel. | 1; ﬁ?l;g
3 [ and.. .. .
4 136 Gravel ... 15 6. 16 o e et 8 238
_ , : 4 3 11 249
12 62 H 4
10/35-4P1. Campodoxtico Water Co. On Santa Maria plain. Altitude 85 feet %ggjgﬁ&;ﬂd 1 7 £ s
[Casing perforated 165 to 194, 212 o 226, and 232 to 246 fest] Sangy a)?r% ;g;ld 1; Sz; g ggé
. ‘ Lowser (;) member: | [ T mAYRNe | 17 307
; . ) L and, gray, and clay._....
i Alluvium: Alluviumi—Continued " Lower mergn;ber' ¥ 2 118 cgravel ------------------ gl 318
Upper member; Lower member—Continued Sand, gray. .. oo 7 125 iravel and. some clay..., 9 357
Soil 6l 6 Sand and gravel.—.—..._. 9 _Sand'and hard c]ay N 8 frs . Olyenderavel . " " 361 :
CIAY - e e 41 47 Gravel and some sand____| . 20. Grayel and sand_._ ng 169 gand and EYBVSI 4 365
Olay, sandy. 17 64 {| Paso Robles formetion: ) Sand. e 16 7 L d.__. 7 72
Clay, vellow. 10 T4 [SIERAT-EVTTR S — 18, Saud and some grave 4 189 GJEY ~~~~~ 1 373
s 33 107 Cla¥, sandy, and gravel__ 8 ekl Qlaye... g 1ot - Gravel and send. 15 338
) Gravel and dlay -6 Grave) and sand - 4 195 Send and some g 14 402
3 110 |} - Clay, yellow. 6° S&nd and some gravel. ... 5 20 | Sand, white....._..__ 77| 4 408
{ 2 112 Clay, blus 10 Gravel and sand____._____|. 8 208
Clay, yellow... 5, 117 Giavel. . .. 4 o ;
Clay, bli0.-.- 11 128 | Clay, yello 2
Clay, sandyc.-cccean 9 137 Clay, blue... 5 .
Clay, blue__. 13 150 Sand, solid.. o2
Sand__.__ 13 163 JF:ha o N 8 R
Olay, ylloW oo 2 165 Sand and gravel-. 21

#30870—51-—-11
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Tasrs 16.—Drillers records of wells in the Santa Maria Valley area—Continued .
Santa- Maria’ Valley area~Continued’:

TABLE 16 —Drillers: records of wells in the

10/35-9F1. Waller-Franklin Seed Co. On Santa Maria plain. Altitude 88 feet 1035

12B1.: :
1.* E.and G. LeRoy: . On Santa 'Marja plain, - Altitude 145 feet:

. —_ : . E - [Casing perforated 135 . .
- . T‘?és;{" Dfepth Tr?é:f D[ep;c)h N to 180 feet] - ' o - !
(oat) | Ceet) (feot) | (o ;I | Thick. ?NT’““T—NM——H_
: - E N o ness (rilgg‘ do ! C | Thicke | hy i
Alluyium: . Alluyium~Continued: S Ao {fest) (?ests, (teet) 0
Upper member: A 5 g Lowar mellnber—EOontmued . 108 : " Alluvis . d — eet)
i -Gravel, s8ndy oo . : m. .
23 3L ClBY - < - e o mmrmm 3 110 : Alluvinm—Contim
8 39 Gravel... 9 119 3 Lower memberlﬁ%ontmued . T
17 56 Clay, yellow... 19 138 o 3 ** Clay and sand :
13 69 glay, §andy-- 14 152 2 i gg | 8}@__, lg . igg
22 o1 860 4) P | 43 1685 4 - Tavel. . L
5 96 |} Paso Rchies (7) formation: R ég 80 Sand and bonldem. dg 150
Sand.... 8 104 Clay, TeloW - aemmem e e 3 188 51 135 . Paso Robles formation: o188
; ay and sand. 2%
! v - {. . 210
C : ; 71 00 R : T
10/35-9L3, Caropedonico Water Co, O Santa Maria plain, Altitude 90 feef -
ing perf 62 to 180 feet] ' -] 0/35- foreit ' ~
[Casing perforated 162 to 180 feet] 5 . 10/35~14D1. Morett] nnd. Magoria, On Santa Mariz plain.  Altitude 124 feet
: o : : [Casin i o
Alluvium: Alluviom—Continued |°SnE perforated 102 to 112, 162 to-160, 168 £0 200, and 265 to 308 feet]
Uppseri%nember: . - Lowg;ggember—(lontmued 0 140 4 wlvigm: N - . -
Q. i . “ . .
Clay and sand i 4| . 8 8and, solid. 5 145 Upper member: Paso Robles formation: ! .
Sand. oo o 32 40 5 150 Soil, clayey__.._.__._____ 15 8y o . 64l o
. Clay and streaks of sand... 55 95 5 155 Clay and streaks of sand__| - 70 19 Olay and gravel. ... 3 264
Lower member: ) : 5 160 Clay, blue.. 5 85 8and and gravel 267
10 105 - 1 161 Sand, blue. K 87 Olay and gravel. Ty
5 110 - 19 180, T Clay, brown .. 3 Cl .| 280
Sand and small gravel.... 10 190 & Lowermember: R
6 116 i Paso Roc'blle.s for]é:atioéx—:' Clr:*;egi .......... 9 i 233 .
6. 122 lay and sand_. 22 212 3 le_.. -
O]a; hlue. 4 216 Clay, sandy, blue ff 3 289
of 13 : Clay, blue | ___ : 8| 2
glrave] ________ 8 %g gg;
; ay and sand.___
] N . : Clay and gravel Sg ™ st
10/35-10F1, Ernest Wineman. On Santa Maria plain. Altitude 105 feet Gravel ., [ 1T 2

[Casing perforated 154 to 168, 185 to 192, and 214 to 234 feet]

Alluvium: . e Aluvium--Oentinued —
Upper member: Lowser l(liemger—oontin%ed Alyvinm:
: Adobe._____ DU 3 3 and and some gravel.._. 16 ; . . Lt
Streaks cf sand and clay._ 52 55 Gravel. oo . 7 Uppser_']member;v Aﬂufum‘?OOD’cmued )
Clay, blue, streaks of | Pado Robles formation: Otlu sandy_ ] 13 13 0Wer member-Continyad
L SATA e 55 110 g%ay aglld sand.. i .Olg: g}e‘lllé)w- K 91 31 : 01%};:1“ gravel. .______ 1 166
e 6 116 Grawel.oo 15 Sand, blus, and olay. § 78 Glay. ... H o
, 32| - 148 Clay. .. _ 4 Sand, blus. B ellp Gravel .. 14 108
Gravelandsand, “rusty,” | Sand. ... _ 14 ‘I,owcngayf blua_:_ 9 103 aso Robles formation: 192
not water-bearing_.....__ 6 154 . Clay, hard_... - 11 mermber; Olay and gravel___-_ 10 9
Gravel. cee_- 14 168 © Sand end @ayaooeeees 4 %andStODe, blue.____ 5 108 Clay, yellow, and sand 24 202
ClBY - e oo 1 169 i ravel. ... _ " 7 115 8{??: %lard, blue., 38 21:522
z 30 . BVEL ...
- : 10
10/35-11F1. E.and G. LeRoy. On Santa Maria plain. Altitude 133 fest
— y - Union Sugar Co. On Sant, Lo .
Alluyiym: - Alluyium—Continued ~ e enta Maria plain., - Altitude 92 feet
Upper member: ] Lower member—Continued < Muvinm: --
23 33 %]By, 712)]118 13 162 234" Upper member: K Alluvium—Continued
22 52 T8 vel. - g %;g Soll LOWér nember—Continued
B lay, blae__
48 104 7 185 ) : . Grav’e};_ 1144
13 17 27 22 ol £
17 134 Clay e oo oo 3 215
Gravel.coem- 15 149 -
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Continted " “Tasum 18.—Drillers records of wells i the Sanid Maria Valley area—Contintisd e
16— mn the Sante Maria Valley area—Continued - S _ ! ]
TanLe 16. Dmllers récords of wells E - 10/36~12K1. . Unjon Sugar Ce. On Santa Maria plain. Altitude 30 feet .
10j35-17D1. Union.SugarCo. On Santa Maria plain: Artitude 64 foct : . [Casing perforated 175 to 208 feet] :
X . . L [
{Casing perforated 100 to 128, 181 to 188, 199 fo 216, and 228 to 243 feet] J ) | [v
: Thick- “Thi F
, : Depth Thick-'
: . Thick- , o ' . : ’ 1ess | roat : Dess - | Depih ;
i | Depth ness %%EE? . : ey | (0 ) ooty | (o0 ;
(toety | (e (feet) ; ~ ' : :
e —— T : _Allavium: . . . Alkavi . i
e k . , Jhivium--Continued B - i
te ' | Alluvinm—=Continued 3 Uppg:]%:uember, : Lower member—Continued ;
Allgvium:!  ower member—Oontinued ] Olas 5 5 < Clay, DU e eien ] 130 r
Upper ‘,member‘ : ROV d end gravel- 2 184 BY oz oo 16 15 | Oley, blue, end sand. . - 30 | - 160 i
Soll_o e i 3 el and day, 17 wr Sand, Blue - 35 50 Sand, yellow, and bowk ' :
Soll—— . s Gravl nd dley, | 3 e 9755 2 10 60 ders : w1 [
Gla\'r, blue_~ e Gravel; cemente 17 216« ’ glaydr bhhe: and san 20 80 Gravel. .. oo 38 232 !
o 64 and, yellow, ... 107 - ) i
8%‘;; :‘;‘;dg' ?e‘ﬁ%w ______ 11 97 || Paso Robles icrmahofﬁ 4 220+ ) Lower member: %0 10" || Paso Rog}gsyﬁgﬁgtmn i-
- Lower member 1 s Sand, e, ¥ o A1 g 1 Boudeme 2| ;A Pt T i
N a - . s e < .
: gand and gravel Si }32 Sand am;l_1 some gravel- ; %g% - ;
- '""—( """" 18 150 . Old¥, YelOWaeoamam e Pt , . ' ' i
(S;‘la.y, hard, blue 3 153 Sand and strea.ks of gravel. 8 gég 11/34-23N2. John Canada. Ox Sanfa Mariz plain, Altitude 156 feet 5
oy, e, oo e - 19 172 Clay, hard, sandy.. - 7 : . . i o {
e un(i—clay, Tard. . ‘ . {Casing perforated 118 to 123, 204 to 243, 279 to 288, and 306 to 328 feet] L
10/35—vle1. C. P. Mathison. On Santa Maria plain. Altitude 91 feet 'Allufv]_l;;l member : N I Paso Robles I'DImB‘LiDn-Oo;l. ‘ l
. . . C . 51250 s M
| [Casing pertorated 102 bo 118, 134 to 136, 146 t0 175, 246 to 248, and 251 to 300 feet] . 4 L m— i 2 3 TPy e et I 8
: ._______________________.'__—————————'——"“ B 4 S 92 Cl a: ’ ” . .
; - 1 Lower member: g 2y, sandy, 1. 8 278
— ( 3 - d'and gravel, ‘“lig 9 288
: Alluyium—~Continued Sand, DIE oo o 114 O%n Tand grave
Alluyinm: .. " Lower membel—Contmued Graveliand sand, blue .- i 8y, sandy, Wwhite. . 3 261
Uppser member: ; 5 1 0 Clay and e g ) “Orcutt @ formation: 9 123 Clay and gravel. - 11 302
1 B o Roblest 'xifit—x?:'u' --------- » Rt o g e e % 146 ; NENT b
4 so Robles for: 1. P , vellow . .o -
g(o) 78 aso CIBY e ooommmeemmmm o .85 gig ZPaso Robles formatxom N 101 (éiaay;;nd gravel N g 30 .
e Bl | ghETET | B g s w|  Sees—o 3| B
: T TBVEL- - -omm 1. ) STOWIL - 4 204 Clay, blue.. - :
Tovgmgbs w|oousll g FI Qoo W) B Sepieee———e B
gy 4 Tavel . ocooaemem : L : t- . S " ! :
géf&%’ Ty andgravel | 12 13¢ Sand, clay, 634 &7 16 B , T T e P
3 A . . . - . - ey l i
e S 2 136 . . S 11/83-30QL.  Mary Bolten. On Santa Maria plain, Altitude 148 feet’ ’
} o . L
/35— . A. B , On Santa Marin plain. Altitude 113 feet L o : ) . . -
10/35-22H1. J. A, Brown /Anutv)%ggf — - . Alluvium—Continged
[Casing perforated 143 to 1‘63, a.;d 176 to 186 fest] R L 5 . Lower member—Continued - P
B — 20 80 AR 1
- ne. 3/ - o
Aluvium B ; Allug;tgl;r nggri(gxelg%onMued LDWSGI néember D ¥ Paso ‘Robles ??) formation: . 1 o7 ; "
Uppel member: gt - 2 " Olay and gravel. - and z0d gravel. ey 7l 12 sand... T 180 B
Soil 5 Ty “Grravel, clean- : j L ‘
5 12 8and, yeuo;v and gravel . . g g < = - i
bles formation: o s . N .
‘—ig gi Paso Ro%{ay sim(d%y, hglii-;,—a-s-ﬁ,-,- 11/35 19E1. Mary B.'Enos. On Santa Maria plain. Altitude 34 feet
soft, & . .
E -gg ' :a?:d.-. ~~~~~~ 13 [Casing perforatad 350to 360 and 500 to 520.feet] s
15 102 ¢ Clay.. 8 'iul " : i - T )
Tower member! : 2 e i . -1 ' Paso Robles form t1 — R E [
Sand amll gravel..-—- g Uppser member: 1 Olay-oon =00, - 28 350
Clay, yelloW . 1 10 |- Gravel. . oo N !
Clay, blne.~ 15| ﬁ% end, blua— 9% Sand snd Streaks of clay . 75 85 11 Clay and gravel LA ggg
Clay, yelloWornm - 2 15 Clay, yelow.. 2 30 115 Sand, “light”___ 40 400
ieh saax & qr!alge’i‘]ayéé-- § : Sand and gravel- 2 Clay and sand_ ’ 65- 180 {1~ Sgnd, herd, bive. 20 420
Gir?lycntgg__.__g__---j ...... Grave} and some § ¢ 6 IPaso Robles formation: 1o s : gxa%e‘ﬁéiﬁ'i’i&'&iiy’ zg' :éf
| . ' : : Bl 20 Clay, berd, end some | o
10/35-24B1. Union Sygar. Co. On Saniz Maria plain, Altitude 144 feet .1 222 - aﬁgvga.r.&- - ag 456
. 2 o 153, 169 to 175; and 178 to 288 feet] 28 273 Clay, hard_';___“__,__,_‘ 7 392
[Casing perforated 122 to 153, 169 i ._ > 15 288 gand and somé gravel 20 5?3
3? 322 . RO 15 . ::: L8 525
- Altuvium—-Continued Sand, A8 scwmemtmamabon 45 570
Aluvi b Lower member——c‘outmued b N
Uppsegl{nem er; 8 8 Grav 1___________*_‘___.?__ . 8 —
8 78 87 ||- Paso Robles {orimation: . 2
and 15 102 ClaYemmen= 2 .
Gravel 112 } I
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- TaBLE 168.—Drillers records of wells in the Santa Maria Valle area—-‘—Continuedz’ /
r f ¥ : TABLE 18. wDrzllers records of wells in the Santa I\Iarm Valiey area——Contlnued 4
- 11/35-20E€1, Unijon S Co. On Santa Marija plain. Altitude 49 feet
/35 fon Sugar Go # Tié plam e e_ ee ] _ 11/35-25P1. Dave McKeen, On Santa Maria plain. Alfitude 126 feet
Casing perforated 150 to 444 feet 4 - i}
[Ossing » b o : [Cesing perforated 110 to 179 fost]
i Thick- Thick- . . , » ‘
: e | sk, Cmess | RS Tpess | Depta Thiek- | popin
(feet) ) (feat) K (feet) (feet) (?::g) I(fest) i
Alluvium: Paso Roble= formation; . ) Tirwitrm . )
Upper member: ! Sand, YelloOW. - oeeeeene 80 224+ " Aﬂu%mn;{_ ber: Alluvinm—Continued-
Soil, sandy 13 |- 13 Clay, yellow - 12 2365 ] -PDSnﬂmem er: .. Lower member—Continued
Sand, yellow. .- ..o 14 27 Sand, yellow___ - 24 2600 Sand 8 61 . HArdpan" e e 30 . 164
Sand, blue, aud sobble- Clay, sticky, yellow .. 14 274 - P -8 1 Gravel oo e 5] 179
SEOTLES. & oo 19 46 Clay, yellow. - 7 281 . s 33&. - 4. 18-}j Paso Robles formation:
Sand, blue, and gravel..__ 28 300~ 1, 80C, COBTSC e 90 108 Sand ang. clay oo 23 202
18 64 Clay, blue. - .. 34 343 Ower Toemer; Clay.. e 1 203
20 84 Sand, yellow, and some BV, e 26 134 - X
QOlay, yellow. ... e 14 98 I BIavel. oo mcmccemee 102 445
Orcutt (?) formation: Clay, sticky, blue.__.__..i ~ 8 45¢ :
%%’;?" 351]11(?\:— 23 ﬁ:g Sand, yellow, and gravel . e 25 11/35-27H1. Henry Tognazzini. On Santa Maria plain. Altifude 101 feet
Sand, yellow. 38 148. [Casing perforated 100 to 115, 205 to 220, and 300 to 325 fest]
1352182, B. A. Tognezzini. On Sants Masia plain. Altituds 77 feet ﬂ“@;ﬁ; member: . Paso Robles lormation:
- : : o 10 179 :
3 Soil 8 L
{Casing perforated 392 to 415 feet} . - Loam, sandy. evwe e 6§ li 'g %g? |
i Sand and clay._. 19 . 33 17 208
Alluvium: Paso Robles formation—Con., Clay, bhie. ... 13 4. 48 4 212
Upper member: Sand, fine streaks of clay_. 32 262+ O]Quwks“d - 17 63 10 222 |
- Boll .3 3 Clay, tough, light brown. 11 2737 < Qlay, yellow. 21 84 8 230 g
- 32 35 Sand, brown. . oocomees 15 288 L Hardpen”. 17 101 3 233 i
Clay and streaks of e 45. 80 Olay, brown, streaks of owar member; i 17 250 :
Oreutt (7) formation: SANA s e 21 309+ O " ravel, coarse._._..__ 9 110 Sand and gravel. 13 263 i ‘
ay, brown, hard and : Sand, hard: oo e 21 330 reu (CP formation: . Gravel ... 5 268 B 3
soft streaks of sand.. ... .40 120 Sand, hard, light brown; | é lay, yellow__.. - 23 133 Olay, blue_.__.._ 34 302 i
Sand, fine. ._____I- [ 126 a little gravel... .- .. 20 3500 ] . C%ay, bard, bro —— 7 140 “Hardpan,” yellow.. 4 308 P
Clay, sandy, brown 19} 145, Sand, hard, white_ - 22 a7z lay, EOR YBHOW-. . 7 147 Gravel_. .. ___ 17 323 !
Clay, bIe. oo 100 155 Sand, hard, brown.. . 12 984 Gy, hard, yellow., -~ 8 153 Olay, Yellow ........... 5 328 V
Paso Robles formation; Clay, browi...._.. A8 390~ - chksand ~~~~~~~~~~~~~ 18 189 . 13
5 160 Sand; s little gravel._..__ 10 400+ _ P
7 167 | - Gravel and sand; a little @ [ , i
Clay, Dl e 8 175 ClAY - e e 5 405 | - f . \ .
Clay, brown, and stresks Smell gravel and sand_._ 10 418, 4 11/85-28L1.  Union Sugar Co. On Santa Maria plain, AHitude 84 fest i
L of sand,.__.-_-- 27 202 ClaY o e 5 4200 et s o . .
- Ol Biue. ORI Cloy, Ble oo tl [Gasing perforatd-273 to 278 and 200 to 390 feat] I
- . : = Alluvium: ‘R ion: i
: 11/85-25L1. DL C. Gracia. On Santa Maria plain. Altitude 127 feot Upppr member: Faso Robles formation: 16 vz &
: o) | S 12{ . 12 T m— - : h
! [Casing perforated 95 to 121, 230 to 250, 267 to 275, 295 to 300, 51 to 313, and 425 to 835 feet] Clay, veliow. Sl 48| g8 ?}arna%'ei - sl = e
Sand and clay ... ..__ 40 98 it ] i
Clay, yellow..... 31, 265
Lower member: - Gravel, sandy. 16 ] 280 b
Alluvium; b  Paso Robles formation—Con. 5 Eéimd ; 5 14 112 Clay, Blus.. - 5 b i
Upper member: ravel, sandy.. 30 4 -
Dpsm : 4 4 2 Paso Robles (7) formation: 1 &’;*’;e%,ﬁgd arse sand...- 10g gg(l,
Sand and some gravel.__. 21 25 16 Clay, 7elloWmmme oo 64 206 = TTTTTm T
1 26 ’ Sand and some gravel. 7 “ '
3 29 Clay, blue 15 | !
8 % 8}1‘3791 4 streaksof 1 g 11/35 . ‘
8- 38 ay and streaksof gravel. a 36-29D1, P. P i. O i1 3 i .
3 41 Clay, tough, blue.. .. 13 ron 7 Santa Macia plain.  Altitide 60 feet
19 60 (CJ}]ay, fand and gravel 197 ATivi -
14 74 ravel .. oo uvyinm. — 3
2 .76 + Clay and gravel_ 'S Upper member; . Orcgtt (é)]:grng]a&on Continued |
2 78 a 13 Soll, 580QY < e oo | 10 19') Qlay, yellow.- - 8 158
1 [ 2 Sand, muddy, blas...._. 4 23 || Paso Robles formation: ol 7
7 86, ; 3 Sznd, fine, blte. .. 14 37 Olay, hard, blue 1
2. 88" glravel and sand . 2 glag, blue__... (] 42 “Sand. = }g ; fgg
2 eli] AY e e 2 and, yellow. .. 41 8l Sand and cormaa o A L
5 85, Clay, tough. 3 Clay: sandy, yellow 3 gg g‘?ang Bs!algdsgmeeﬁ?v:d" N g 0
Lower member: “Clay andsand__. 8 Bty Clay,bimel T v 98 Sand. ) JeUOw.. 3 2z
T2 .8, 103 €200 T— 2 Orcutt (?) formatiun' : Clay, sticky, vellow ! 203
" Orcutti(?) Iolmatmn Clay, soft, and sand. 8 Clay, yelloW .o 41 138 Clay, sticlky, gl P 1 27
Olay. e 57 160 Clay-and gravel.. . ... 8 “Sediment”, sandy, yel Clay, sap d;’: blEe" 8 225
Paso Robles formation: Sand end some gravel. 21 OW e e 1 7 146 Glay, sticky. ‘blua. . 5 230
Clay, biue R 21 181 Sand, white_ __ ... -_ 16 Vi ¥, Dlue... @ 2o
Clay, veloW e 8 189 :
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Tasre 16.—Drillers records of wells in thé.Santa Maria Valley a’rea-———-Contquue_d L

11/35-29R1. Unionn Sggar C;y. On Santa Marija pl:x_in.- Altitude 85.feet
[Casing perforated 144 to.154, 210 to 223, 310 to 322, and 390 to 428 feet]

Thick- Depth Thick- | epth
ness (tect) 1ess | “rroot)
(feet) ‘ " {feet)
Alluyium: Paso Robles formation: -
Upper memher: - Llay, browr e e 31 254
7 7 Olay, blue o cceciee 38 292
13 20 Sand and some.gravel. .. 4 296
20 40 |~ Clay, yellow, and gravel_ 10 306 .
5 45 1 . Sand and gravel___ - 8 314,
43 88 Gravel, cemented. 3 317
Sand and gravel... & 322
34 122 : Sand and somie gravel. 13 335
Lower member: . . Clay, Dl e 35 370
Sand and some gravel.. .. 10 132 Gravel, cemented . 23 393
Sand and gravel..eeoo—o. ! 22 154 . Sand and gravel - oo 3 396
Clay, blue .o comome 43 197 - QGravel and bouldsrs._..... 32 1428
Gravel and boulders 26 223 Clay and $804. e qwemm- 6 434
! 11/35-33F1. Union Sugar Co. On Santa Matia plain. Altfitude 84 feet
[Casing petforated 118 to 150, 154 to 170, and 174 to 208 fest]
Alluvium: Alluvium—Continued
Upper member; I Lowser member—Continued | . -
Sed 15 15 Gravel, CORTSE e e 36 150
17 32 . Clay e cwlcamamaam 4 154
6 38 Gravel, cemented.. 17. 171
4 | 42 [@}1:5- U 2 173
16. 58 Gravel, coarse 37 210
28 84 |1 Paso Robles formation
16.; .. 100 Sand. .o 18 228
Clay, bard, bl 6 234
Gravel, 880d Y- cmecceeeer 14 114 ’
11/35-35A1. DBelto Estate. On Santa Maria plain, Altitude 123 feet
[Casing perforated 125 to-189 feet]
Aluvinm;, . N Alluvinm—G@ontinued .
Upper mémber; ~ Lower.member: . .
g <7532 5 5 Sand and gravel ... 164 12
. “Hardpan".. _ 25 30 | c.Gravele s coccann - 20 150 .
, and. ... - 20 50 +Sediment” e, 1] 18
. ‘Sediment’ ... - 12 62 ‘Gravel. ..~ Lo 42 ¢ 103
Clay.ccece . 6 68 || Paso Robles {ormati )
P Quicksand v o<iiom e 37 105 Bl e e b e e 214 19534
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WELL-N UMBERING .SYSTEM

The well-numbering System used by th ic vey i
,.{Sa‘nta; I\/I&ria'V.aHey area shows the loétiogs%?%oegﬁs aioi;lllc;;l} ];3 ’211:116
~.re'ctangu_lar system for the subdivision of 'public land. For ezg(aIﬁ Iee
in ’g'he number 10/34-14E3, which was assigned to & well within the iﬂ ,
,%;m?ts of*Santa Maria, the part of the number lﬁl‘eceding the 'basr
‘ndicates the township (T'. 10 N.), the part between the bar and the

. byphen, the range (R. 34 W.); the digits between the hyphen and the

lette; i_ndibate the seotioq (sec. 14), and the letter indicates the 40-acre
wubdivision of the section shown in the accompanying diagram

ylihﬁn EaCh 4'0-.8,01v@-traot the wells are numbere d serially aé imdicated
i;y};ll.te‘bnal dlglt' of the'number. Thus, well 10 /34-14E3 is the third
. to. be listed in the SWHNWY sec. 14. " As all of tho Somta Mo

;/;ilzy area 1s J m‘_tl'ie northwest quadrant of the San Bernardino
'i&ndlr ian. gnd ba§e line,. the foregomg abbreviation of the toﬁrnship :
K ange1s sufficient, The wesf half of the area has never been public

~1£L-11’Ir‘i ﬁ for this thp rvectangular- gyst‘em of subdivision has been projected.
1e correlation’ of Geological Swrvey well numbers with those of

. other agencies has been presented in another report (La Rocque
’ . 7

“Upson, and Worts, 1950, tables 1 and 4.}
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