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

By G. A. Mousr and R. K. Evenson

ABSTRACT

Overdraft in the Santa Maria Valley ground-water basin since about 1946 has
resulted in a significant decline in water levels throughout the basin as ground
water has been removed from storage. In 1959 approximately 2,200,000 acre-feet
' '-_of ground water was in storage above sea level in the ground-water reservoir.
*"Bstimates of storage depletion are mot consistent with estxmates of ground-
rater recharge and drscharge The natural perennial yield of the basin probably
is about 50,000 acre-feet, on the basis of estimated recharge and natural discharge.
he augmented perennial yield probably is about 70,000 acre-feet and 111c1udes
1,2no acre-feet of water per year released at Twitchell Dam. Storage depletion,
not ‘egtimated in the seaward ends of the aquifers, will result as the fresh water—
sea Water interface moves landward in response to the continuing decrease in
ydrauhc gradient in the aquifer system.

. Bvidence of sea-water intrusion into the basin has mnot been observed, but
i1 ited sea-water encroachment may have occurred at the offshore ends of the
quifers. Additional observation wells will be necessary to provide supplemental
“dafa to insure that hydraulic heads and gradients in the deeper aquifers are prop-
Tly momtored

INTRO DUCTION

This is the second mterpretrve report on ground water investiga-
ions of the Santa Maria Valley area by the U.S. Geological Survey n
cooperation with Santa Barbara County. The first investigation was
begun-in 1941 and resulted in a comprehensive report by Worts (1951,
. 1-48 and 72-169) in which the ground-water basin was described
and the perennial yield of the basin was estimated.” Surface-water
resources of the Santa Maria Valley area were described by Thomasson
n‘Worts 1951, p. 4, 48-72). In 1959 construction of Twitchell Dam
and reservoir was completed by the U.S. Bureau of Reclamation on the
Cuya.ma River ]ust upstream from Fugler Pomt. " Floodwater is de-
ined by the d dam’and later is released for replenishment of ground-
ater reservoirs downstream, thereby alleviating overdraft.

‘Smce about 1946, withdrawal of ground water from storage has
cansed g significant decline in water levels throughout the basin. The

) Al
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water users are concerned because ground water in the basin is the |
principal source of water supply for the area. Thus far the decline .
in water level has caused only an increased pumping lift. Eventually, .
if the water level decline continues unabated, the water level will be
below sea level and the hydraulic gradient will be reversed. This will
result in sea-water movement inland which will contaminate the fresh-
water reservoir. :
Water probably will be imported into the basin from northern Cali
fornia to supplement the available ground-water supply. However,:
the quantity of supplemental water that is required to stop the declin
in water level depends on the magnitude of the overdraft in th
ground-water basin. C

PURPOSE AND SCOFPE

The purpose of this report is to evaluate the magnitude of the over
draft in the Santa Maria Valley ground-water basin and to describ
the effects of overdraft, particularly in reference to ground-water stor
age and sea-water encroachment. Also, the estimates of perennia
yield published in Water-Supply Paper 1000 have been reappraise
by an analysis of geologic and hydrologic data collected during th
period 1950-59 and during the complete period of record 1918-59.

In particular, the scope of the reportis to (1) swmmarize the geology.
and hydrology, as related to the occurrence of ground water, (2) giv
calculations of the volume of water in storage above sea level, (3) brin;
up to date the estimates of recharge and discharge, (4) reevaluat
estimates of perennial yield, and (5) describe the sea-water-encroack
ment potential. : '

LOCATION AND GENERAL FEATURES OF THE AREA

The Santa Maria Valley .(fig. 1) is a large coastal valley in north
western Santa Barbara and southwestern San Luis Obispo Countie
Calif., at the northwest end of the San Rafael Mountains. The valle
area includes the alluvial plains of the Sisquoc and Santa Maria Riv
ers, and upland area known as Nipomo Mesa, and an extensive uplan
area between Foxen Canyon and the Pacific Ocean. o

- The Santa Maria River is formed at the confluence of the Cuyam:
and Sisquoc Rivers, and its carries most of the valley’s drainage
the Pacific Ocean. Twitchell Dam and reservoir control the Cuyam
River by detaining the floodfiow so that, later it can be released to
plenish the ground-water reservoir. '

Most of the water used in the Santa Maria Valley for agricultural,
municipal, industrial, and domestic purposes is obtained from wells:
that tap the ground-water reservoir. By far the greatest quantity
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of water is used for Irrigation; artichokes, broceoli, lettuce, sugar-
beets, and alfalfa are among the irrigated crops that are D'I'OWI’l on the
alluvial plains. Only recently, some alfalfa has been :ro%m' or the
‘upland area between Orcutt and Bradley Canyon, in(ilstri'al'w&e'r'
supplies are used by a sugarbeet refinery, several oil fields and tefin:

. e;:ies, and vegetable-processing plants.

PREVIOUS WORK AND ACKNOWLEDGMENTS

'Worts (1951) prepared the first comprehensive report on the water
supply 0_.f the area, and his work was referred to frequently in -the
preparation of thisireport. 'Woodring and Bramlette, (1950) mapped’
!:he geology of the southern part of the basin and provided valuable
mfo'rmatlop on the subsurface geology. Topographic maps mads by
the Geologlqal Survey and by the Army. Map Service were used as base
maps for this repért. Long-term records of streamflow and estimates
of runoff from the ungaged area were provided by the U.S. GeologiCal'
Survey,- Surface Water Branch. Mr. Tieh-liang Hsu of the Taiwan
Geological Survey compiled much useful data on ground-water storagé
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in the Santa Maria Valléy. The present report was prepared by the pants L—Water-bearing’ units in the Sante Moria Valley groundwater basin.
GEOIOgica'l Survey’ n COOpeI‘ELtl(.)D. with the Sant.la Barbara County E /,’T;:— Water—bea;i.ngunit Th'ic]mess Lithologic character Hydrologic properties
Water Agency, under the supervision of IL. D. Wilson, J1., and Fred Geoke ()
Kunkel, succe§sive @istrifzt supervisors for Ground Water Branch ; e Mfotiomm to souts el | Sieny porons et
mestigations in Califorma. - iy Domesad  |omoe | SabmpeioR | Lot
The Pacific Gas and FElectric- Co. made avaﬂal?le cl'ata on pump- - Lsd and fn pct No wels are Imown
efficiency tests and agricultural-power consumption in the valley. unit.
Records of municipal water use were obtained frgm the city of Santa Bowlders, gravel, send, | Genersly above zone of
Maria, ‘and records of water-level measurgment were obtained from %hua;:ﬁlg,oéitsﬁ o, tions, but large quan-
the Santa Maria Valley Water Conservation District. Mr. Vernon Riverchannel | snd Sants M mate foracharge
Rutherford and Mr. York Peterson provided useful data on the geol- gively fner grained Izing slluwtum.
ogy and hydrology in the Santa Maria area. g | meent Santa Maria River. | Jisted perméabilities
g gpd per sq ft.
GROU'ND WATER % 7 -Gravel, sand, silt and Main water-bearing
i . g, clay. Progressively zone in valley; con~
- Ground water in the Santa Maria Valley is relatively fresh and is i et Tayer | st wells sosin
contained in a continuous aquifer system that extends from the upper Alluvium 0-200= gfpsﬁg 50011 of - T, Bermeapility
end of the Sisquoc plain westward for an undetermined distance off et e o
shore beneath the Pacific Ocean. The aquifer system is composed of ;;‘?ddgo‘,.mj;gfgg,m o e Talley
unconsolidated water-bearing units which include. dune sand, river- s Niaria and e et nd. E.30)
channel deposits, and alluvium of Recent age and undifferentiated Mexis and continen. | May oomprise 3 ot more
deposits of Plocene and Pleistocene age. A brief summary of the Pleistocene GnaconeT By, | scpamateconfined
water-bearing units and their hydrologic properties is given in table Dot et ana, | Dartofares, butoll
1, and the areal distribution of these units is shown on plate 1. De- i aBon o Corangn |  oiected in the cen-
tailed information relative to the ground-water geology is given in the , uodifiereatisted | 0-2,300 Sand. port of axea. Tocally,
comprehensive report by Worts (1951, p. 23—44). 5 Pliocene 50 Fr bn e sont) 0
) 5 part of area. Large
AQUIFER SYSTENL N o stored 1n thete.

- ) . . . formations.

) ,’I‘h,e aquifer system is more than 2,300 feet in saturated- thicknes Gggﬁgasltlgn?g;ggous Not water bearing for
and averages about 1,000 feet. “It is composed of permeable beds of o Comsolidated rocks mudstone, a and g]yjro- cally, frachares supply
gravel and sand that, locally are separated by relatively impermeable k- undifferentinted | 0-10, 0004 | oveme sud older sge; | water (b walk snd.
beds of silt and clay. Most of the ground water in the aquifer systenﬁ = ’ gi%;;?:r;“,;:';gm springs. '
is in the undifferentiated deposits of Pliocene and Pleistocene age, bu Crotacoons age.

the main water-bearing zone is in the lower part of the alluvium o
Recent age (pl.1). - : T : .
Consolidated rocks form the bottom of the aquifer system, and th
base of the fresh water, shown on plate 1, generally coincides with th
eontact between the consolidated Tocks and the base of the undifferen
tiated deposits of Pliocene and Pleistocene age. The southern limi
of the aquifer system approximates the topographic divide between
Santa Maria and Los Alamos Valleys east of U.S. Highway 101 an
the outcrop of consolidated rocks west of U.S. Highway 101. Th
northern limit of the aquifer system is a topographic and poorly de
fined ground-water divide m the vicinity of Nipomo Mesa. East of

dated rocks.

-of the plain, beneath

PR 0a5766——2

"1\_Ivip.omo Creek a:nd north of the Santa Maria and Sisquoc Rivers, the
limit of the aquifer system is marked by the contact with the consoli-

- .The freedom of ground-water movement within the aquifer system
decreases from east to west across the valley and also probably de-
creases with depth. Aquifers in the deposits of Pliocene and Pleisto-
eene age are mostly confined, as is the main water-bearing zone, in the
western part of the alluvial plain. Minor bodies of perched ground
. Water lie above the confining beds in areas beneath the western part
the Nipomo Mesa, and locally beneath the Orcutt
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upland. A higher head'in the deeper aquifers was indicated in a well ;

near Orcutt, where, in 1961, a flow of several hundred gallons per min-
ute was measured passing from aquifers 1,190 feet below sea level into }
Water-level data are not available for aquifers

the upper aquifer.
“below about 1,000 feet; however, electric logs of oil wells and of deep !
water wells indicate several continuous impermeable layers that prob
ably would restrict hydraulic continuity in deeper parts of the basin

The dissolved-solids content of water from various aquifers, as ca.
culated from electric logs of oil wells and deep water wells, indicate;
that water of uniformly good quality is present from the top to th
bottom of the saturated zone.

STORAGE CAPACITY

Ground-water storage capacity was estimated according to tm
-method first described by Hckis and Gross (1984, p. 112) and later re
vised by Thomasson, Olmsted, and LeRoux (1960, p. 279-282). Al
though estimates of met change in ground water in storage for specifi
periods were listed by Worts (1951, p. 121-122), no estimate was mad
of the quantity of ‘water in storage above sea level. The total volum.

_ of saturated deposits is probably about 100 million acre-feet (Wort:
1951, p. 78). However, in a coastal valley the quantity of wate
available for utilization is limited by the threat of sea-water intrusio
if water levels are lowered to produce a landward hydraulic gradien
An effective ground-water barrier near the coast will be necessary t
retard sea-water encroachment if the water level in the coastal par
of the basin is to be lowered below sea level.

-~ For the computation of the storage capacity of the ground-wate
basin, the area underlain by water-bearing deposits was divided int
eight storage units (pl. 1). For each of the storage units, the sat
urated material deseribed in the well logs was assigned a value fo
specific yield according to the broad classification shown in the follow
ing table. The upper limit of saturation was determined from water
level-contour maps for- 1918, 1950, and 1959. These years were selecte
because the hydrologic equations in the following sections of the repor
are developed for the periods 1918-59 and 1950-59. Water-level dat
for 1918 are adequate for the valley floor but for the most part are in
terpolated for the upland areas; however, data for 1950 and 1959 ar
sufficient for making estimates of storage changes throughout th
ground-water basin. Plate 1 shows the water-level contours for th
spring of 1959. : o _

‘Within each storage unit, an average specific yield was computed fo

each 20-foot depth increment between the top of the saturated zon
and sea level (10 ft. above sea level in the Guadalupe storage unit)

‘volume of the increment.

GROUND-WATER TUSE, SANTA MARIA VALLEY, CALIF. CAT7

Assigned specific yield (percent)

Undiferentiated
deposits of
Pliocene and

Material B Alluyium Pleistocene age
" @ravel (generally includes some sandj.-.___. e 30 25
GI'B-VBI and sand_...__ e L L L e R L PR : 25 20
'Saﬂd-—-——-"'“"'"'"";" ________________________ 20 : 20
Sand and 63 10 ] lg
5 ,

. The volume of water in each 20-foot depth increment is computed by

multiplying the average specific yield by the corresponding saturated
The summation of increment totals is the
volume of water in storage above sea level in the particular storage
unit. Table 2 shows the estimated ground water in storage above
sea level within each storage unit for the years 1918, 1950, and 1959.

Storage estimates for the Guadalupe storage unit are based on the
depth increment between the top of the saturated zone and 10 feet

above sea level. The limit of 10 feet above sea level was arbitrarily
- chosen for this coastal storage unit as providing an adequate natural -
" barrier against sea-water intrusion. ' '

TaBrE 2.—Fstimated ground water in storage above sea level

Average saturated | Average | Number Estimated ' i
Storage units Surface thickness of full specific of s storaggr?'elxlcg‘ei—fwt)ater -
(fig. 3) area reservoir (in feet vield well
(acres) below 1918 (per- logs
© water level) cent) 1918 1950 1950
Guadalupe 1_ 25, 000 70 213 161 | 235,000 | 171,000 | 145,000
Nipomo. . 10, 500 160 115 10 {250,000 | 160,000 | 140,000
Betteravia. 6,100 120 212 26 82, 000 65, 000 47, 000
Santa Maria.. 17 400 160 | 220315 161 540, 000 292, 000 265’ 000
Fugler Point. ...._. 5, 500 260 220313 61 230, 000 -153, 000 170, 000
. Orentt 16, 200 180 315 93 440, 000 277,000 290, 000
AB.rad.ley Qanyon__. 22, 000 340 314 41 | 1,020,000 992, 000 900’ 000
SiSQUOC.iucmeeeo . s 380 | 221314 37 255, 000 252,000 250,’ 000
Totals
(rounded).| 107,000 |. 3,070, 000 | 2,360,000 | 2,210, 000
- Decrease in storége (acre-ft) | 1918-59 | 1950-59
Nebo o 860,000 | 150, 000
Average annual_._______ e 21,000 17, 000

. -1 Guadalupe storage nnit estimates a. . . ¢
aie from gbents aom poc Lot oSt satur;ge%ozlgng 1t above sea level to.the top of the saturated zone; others

? Alluvinm.

N 3.Deposi’c; of Pliocene and I;iéistocene age,

HYDROLOGIC EQUATION, 1918-59, 1956—59

A chief purpose of this ground-water study is to evaluate the magni-
tude of the overdraft and to describe its effects with particular

reference to ground water in storage and sea-water encroachment.

Q.Verdra.ft occurs in a ground-water basin when the quantity of water
withdrawn egceeds the perennial yield. The framework to evaluate
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the. magnitude of overdraft is based on the hydrologio equ;tlon. In
this equation the elenients of ground—water discharge are.sub-tracte‘d .
from the elements of ground-water recharge and the difference 1s a3
balanced against the observed change in ground water in storage for b
the periods 1918-59 and 195059, respectively. o ¥
TEstimates of ground-water recharge, discharge, and change in stor-

age are made by the same methods as used by Worts (1951, p- 80-123). -

Tstimates of ground water in storage are revised for 1
to include new water-level data for areas that had little or no da,t.;a}: .
available during earlier studies. The estimates of grou_nd water in §
storage for 1918, 1950, and 1959 are based on water Jevels 1n t].J:e spring:
of the year at the water-level peak, usually March or April. HEstii
mates for the elements of discharge are based on the calendar year:
(Jan. 1-Dec. 31) for the periods 1918-58 and 1950-58, and estimates§

he water year (Oct. 1-Sept
30) for the periods 1919-59 and 1951-59. Discharge estimates ar
based on the calendar year because most of the ground-water discharg
oceurs after irrigation begins in the spring. Recharge estimates ar
based on the water-year beginning 9 months later (Oct. 1), W}lmh
the start of the next sequence of rainstorms. The chronologic rel
tions are, in general, hydrologically comparable for the purposes
the hiydrologic equation.

RECHARGE

In the Santa Maria Valley ground-water basin, the elements of

recharge in the hydrologic equation are seepage loss from strearas a
infiltration of rain. The return to ground water of excess irrigati
“water to ground water 1s included indirectly by calculating net pump:
age as 80 percent of gross pumpagé (Worts, 1951, p. 88)- Underfl
from streams is included in the estimates of annual seepage loss.

SEEPAGE LOSS FROM STREAMS

Recharge to the grcjund—wlmter:"body oceurs by downward and laters
percolation of water from flowing streams, principally the Sisquo
and the Santa Maria Rivers in the upp er reaches of the Santa Mari
plain. Measurements of streamflow in the Santa Maria Valley ar
have been recorded since 1929.. Fstimates of annual seepage loss 10
the period after 1943 are based on measured streamflow into and o
of the valley, plus an estimate
ungaged streams. For the period prior to
loss are based on the projection of a grap
runoff, and seepage loss for the period of record 1929-59.

Seepage loss from the gaged streams is equa
measured flows into the valley area, plus an estimate of flow

1950 and 1959 °f

d small quantity of flow contributed by,
1929, estimates of seepagey.
hic correlation of rainfqﬂ, -
1 to the sum of totzﬂ
from theg

GROUND-WATER USE, SANTA MARIA VALLEY, CALIF, A9

angaged streazs, minus the measured outflow to the ocean. Hstimates
of flow from ungaged minor streams for 1946-59 are computed as 1%
times the flow in Tepusquet Creek. (Gaging-station records of the
dow of streams tributary to the valley area include those for the
(Cuyama, Huasna, and Sisquoc Rivers; Alamo, LaBrea, and Tepusquet

" Creeks; and, beginning in 1959, the Cuyama River below Twitchell

Dam. The gaging station on the Santa Maria River near Guadalupe
records streamflow discharging to.the ocean.

Table 8 shows that seepage loss from streams ranged from slightly
more than 4,000 acre-feet In the 1948 water year (Oct. 1, 1947—-Sept. 30,
1948) to about 150,000 acre-feet in the 1941 water year. The. total
seepage loss for the 41-year period (water years 1919-59) was about
1’500,000 acre-feet, or an annual average loss of about 39,000 acre-feet.
The seepage loss for the 9-year period (water years 1951-59) was
about 370,000 acre-feet, or annual average of about 41,000 acre-feet.

MmaBlE 3—Hstimated seepage loss from streams, 1915-59

[A1l values are rounded}

. Water ' s Water
year 0w . eepage 1 year Seepage t
G ol ey oo i e N Ao R
1919 28,000 3,000 25,000 { 1941.__ 333,000 183,000 150, 000
1920 6,000 0 6,000 | 1942___ 52,600 1,090 51: 500
1943___ 178,000 71,900 )
1921.__ 10,000 0 10,000 | 1944___ 83,000 13 520 128’ 288
1922_.. 114,000 40,000 74,000 |l 1945___ 49,250 4990 44, 300
1923 30,000 4,000 26,000 T ’
1924 _. 9,000 0 9, 000 1946._. 29,500 4,880 24, 600
1925_._ 36,000 7,000 29,000 || 1947 15,800 2,530 13,300
1948___ 4,000 0 4,000
1926... 12, 000 0 12,000 | 1949... 7,000 . 0 7,000
1627___ 30, 000 4,000 26, 000 1950__. 13,100 2, 460 10’ 600
1928.._ 24,000 1,000 23, 000 ’
1920._. 15, 000 0 15000 | 1981--- 63800 . 0 6300
1930 7200 0 7.200 || 1952--. 210,800 104,700 106, 000
1953___ 27,200 360 26,800
1981 4 800 0 4,800 || 195%--- 29,000 1,270 28,600
1932___ 114,000 42,000 72,000 | 1995--- "~ 11,100 0 11,100
1933.._ 26,200 3,700 22,500 '
s 17,700 e 17 700 1956___ 36,500 4,200 32,300
1835 43,200 3,600 39,600 1957 6,200 0 6200
¥ : : 1958___ 270,300 133,500 137, 000
1085 55,500 10,300 36200 1959._. 14,500 0 14,500
13-’;';-__ ;90, 000 88,000 102, 000 ~ Secpoge Ioss 1919-69. 1961-69
1988 62, 000 135, 000 127,000 || Total ________ 1,600,000 370, 000
1980.... 24, 600 . 0 24,600 || Annual ? ’
40.._ 27,700 0 27,700 average_.___ ‘39,000 41, 600

1 Bsti )
Estimated, 1919-29; in smalt part estimiated, 1930-59,
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“tion of Tain as recharge to the ground-water reservoir occurs throug

Twitchell Dam, completed in 1959 near the mouth of the Cu_yama?-_. '
River, has a reservoir capaciby of 239,000 acre-feet. It was designed :f

to conserve most of the river flow by storing water during periods of

high flow and, later, releasing the water at rates which would allow g

percolation into the channe] of the Santa Maria River. Scl.xedules are
planned to release a total maximum flow of 300 cfs (9ub10 feet per
second), which is considered the optimwm rate for maximum seepage
in the Santa Maria River channel. The U.S. Bureau of Reclamation

(1958, p. 12) estimated that Twitchell Dam reservoir will yield an:f -

additional 21,200 acre-feet of water annually for recharge to the

ground-water basin.
: INFILTRATION OF RAIN

Most of the precipitation on the watershed occurs as rain. Infiltr

out most of the basin. Worts (1951, p. 80-81) divided the basin in
three areas having different rain-infiltration characteristics on the
basis of surface soil, vegetation, and underlying formations. The fir
area, which includes about 20,000 acres of irrigated land, contai
relatively permeable soils underlain by permeable unconsolidat
deposits. Much of this area has a high percentage of rain infiltrati
because it lies fallow during the rainy season, and throughout.t
vear the soil moisture content normally is high owing to irrigation;
The second area of rain infiltration includes about 60,000 acres
grassland and is similar in permeability to the first area. Ithasa lo
percentage of rain infiltration because of dense vegetative cover. T
‘third area, which includes about 60,000 acres of scrub oak, brush, and
some. grassland, is underlain principally by thin soils and relative
impermeable consolidated rock -and has a low percentage of ra

infiltration. :

Estimates of rain infiltration by Worts (1951, p. 80), which we
based on data from Ventura, County (Blaney, 1933, p. 82-91), assum
no infiitration on irrigated land if annual rainfall is less than
inches, grassland if annual rainfall is less than 15 inches, and brus
land if annual rainfall is less than 18 inches. Worts (1951, p. 8
estimated that for the brushland underlain principally by consolidat
rocks, about 10 percent of the rainfall in excess of 18 inches would be
added to the ground-water body as recharge. _

Table 4 lists the precipitation at Santa Maria and the estimated:
annnal recharge to the ground-water body by infiltration of rain f
the water years 1919-59. Estimates for 1944-1959 are adjusted
account for the change in irrigated acreage. Recent studies of ra
infiltration in comparable land areas in the Santa Ynez River bas
indicate that the estimated recharge may be low for the irrigated la
{Blanev and others, 1963, p: 9). -
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TABLE 4-—Precipitation at Santa Maria and estimated infiltration of rain,
' 1919-59 ' '

[Precipitation date from U.S. Weather Bureau. Infiltration values are rounde d}

] DE:;JE' !;féz.rso Prec(zg:.t)utmn I?‘ﬁlrtergré;on eﬁ m;elrs é;?_rso Przcijpnz‘.i)atian I-zzcﬁlrtgfzﬁggn
1910 11. 40 -0 1943 _____ 17. 22" 13, 000
1920 - - 9.19 0| 1944 _____ 14 56 2, 000
1945 11.31 0
1921 oo- 11. 48 0 .
1922 - : 16. 44 8,400 || 1946____._ 11. 08 0
1023 ——-- 12. 66 400 || 1947______ 9. 42 0
1924 o ‘ 6.11 0 | 1948 _____ 8. 20 0
1025 15. 04 2,900 || 1949_____. 9.17 0
: : , 1950 ... 10. 47 0
1026 - 10. 08 o
10970 15. 59 6,000 || 1951_._____ 8. 66 0
1928 .- 15. 34 4,000 |} 1952.____ 18. 57 23, 000
L1929 - 10.70 - o Il 1953.____. 10. 87 0
1980 - 5. 33 o | 1954 .___. » 12.12 300
- 1955 __. 3.17 1, 900
1931 .- 8. 97 0
1932 16. 48 9,000 || 1956------ 14.56 - 4,300
1033 1.3 g 182;’ —————— S on 0
1934 7. 68 0 | 1900 °. 88 66, 000
1935 19. 55 25 000 T r.62 0
1086 1548 1,000 || Precipitation (in): .
> S . 25 y p

s oo 40, 006 fﬁ;ﬂ;;;‘;“;“ 543.56 120, 44
1930 11 P 4 verage.  13.40  13.38

,'1‘949""“. la. 61 2,000 || Infiltration (acre-ft):
RO : Total -._______ 340,000 95, 000
18&:: ?g gg fZO: 888 Annual average.. g, 200 11, 000

 Estimates of rain infiltration listed in table 4 indicate a range from 0

‘during several years to 80,000 acre-feet in 1941. Average annual re-

harge by infiltration of rain for the 41-year period 191959 is about

'_8,.2_’_00 acre-feet, and for the 9-year period 1951-59, nearly 11,000 acre-

1e,e,t., o
‘ﬂ']_ﬁl‘h'e percentage.of rain that reaches the ground-water body probably

W . increase In the future because urbanization in the valley will con-.
entrate the runoff, decrease evapotranspiration; and cause grassland

-tobs converted to irrigated land.
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DIS CHAR GH

Dlschal g6 of ground water from the Santa Maria basin has occurred

in four ways:

. Underflow to the ocean.
. Evapotranspiration by vegetation.

[l

ocean.
. Withdrawals from wells.
Before the turn of the century, practically all discharge from the
basin was by natural means, in about 1898, however, irrigation by
water from wells was begun in the valley, and since the early 1920’
most of the discharge of ground water has been from wells (Worts,
1951, p- 84). Thus, irrigation, much of it from formerly flowing wells
in the confined area, has resulted in a decline of water level near thc
west end of the valley. Tt has also affected the natural discharge by:

1. Decreasing the seaward gradient and reducing the underflow to the
oceal.
2. Lowering the water level below the root zone of phreatophytes (the
natitral vegetation) and causing them to die.
3. Lowering the water level at the landward end of the confined area,
thereby stopping natural ground-water overflow, which formerly.
discharged as streamflow to the ocean.

H:.

UNDERFLOW TO TEE OCEAN

Under natural conditions, ground-water underflow discharges to thé
ocean in an undetermined avea offshore, as is indicated by the seaward
hydraulic gradient at the west end.of the ground-water basin. The
quantity of discharge can be estimated according to Darcy’s Law,
expressed in the equation @=P;/4, where @ is the discharge, in
gallons per day; Py is the field coefficiént of permeability, in gallons
per day per square foot of aquifer at field temperature (64°F); I is
the hydraulic gradient, in feet per foot; and A is the cross-sectional
area, i square feet, through which discharge occurs. Worts (195
P. 95) determined the values of coefficient of permeability, the cro
sectional area, and the hydraulic gradient for the coastal end of the
Santa Maria Valley ground-water basin as follows: ’ ;

Cross-sectional
area (sq f1)

2, 238,:000 2, 000

Geologic unit
Alluvium (lower member) .. ___________.
Undifferentiated deposn;s of Phocene and Pleis-
tocene age:
Paso Robles and Orcutt Formations__ . ___
Careaga Sand_ . ______

29, 200, 000 65
11, 800, 000 75

. Overflow of the ground-water basin resulting in streamflow to the '

) and 1959 and correlated with hydrographs shown in ﬁgure
. underﬂow to the ocean is estimated for the 41-year period (calenchr
. years 1918-58) and is shown in table 5. Additional water-level data
- will be necessary to substantiate the assumed hydraulic gradient of
- grouncl water In the deep aquifers.

<C B
S
S 300 : .

WATER” SURFACE, IN FEET Al

’ FIGURE. 2.
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Hydraulic

. gradient
(ft per
Year, male)
1918 o __ I 10
1936, .l __ 6
1944 o __ 8

No new data are available on the permeability of the aquifers, but
recent data from oil wells drilled near the coast generally substantiate
the cross-sectional areas shown in the previous table. Fydraulic
gradients of ground water are indicated by water levels, and, in 1961,
a gmchent of 5 feet per mile in the alluvinm was computed from water
levels in wells near the coast. The ground-water gradient in the allu-
vium thus d etermined in 1961 is considered representative of gradients
of water in the deeper aquifers.

On the basis of amounts of underflow computed for 1918, 1936, 1944,
annuml

. Table 5 shows a maximum annual underflow to the ocean of 18, 000

. acre-feet in 1918 and 1919, when the ground-water basin was nearly
) full and the hydraulic. gradlent was 10 feet per mile. By 1958, under-
__ﬂow had decreased to about 8,000 acre- feet per year and the gradient

9/32-7N1

(near Sisquoc) | A~ /\,/\/\-—\

. 10/34-14€2

: L (near Santa Mafia) ‘

10/35-7F1 — . | ' B
. (near Guadalupe) . > \
R \—'/_\N\/\/\N\/\/\'\,\/\/ -

; ) ) A
—J_vJV_—LLLLLJ_I_LJ__u‘JIIIIII lllllMlm

1930
1940
1950
1960
1963

—Hydrographs of wells near Sisquoe, Santa Maria, and Guadalupe
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was approximately 5 feet per mile. The estimated average annual dis-

charge by underflow into the ocean was about 11,000 acre-feet for the i}
41-year period 1918-58, and was about 8,000 acre-feet for the 9-year -

-period 1950-58.

TasLe 5.—EBstimated underflow lo the ocean from the ground-water basin, 1918-68 P

[All values are rounded]

Underflow

Underflow ) Underflow _
to oczan . to ocean {o ocean
Calendar year {acre-ft) Cealendar yenr (acre-ft) Calendar year (acre-ft) ;

1918 __._ t 16, 000 1932 _____._ 11,000 || 1946 .-
1919 ____.-___ 186, 000 1933 o 10,000 |} 1947 .- ——-
1920_ .- 16, 000 1934 oo 10, 000 || 1948__ - -.

1935 - . 10, 000 1949 ... __
1921 ... 16, 000 1950 .o
1922 ____ 15,000 || 1936 ... 19,500
1823 o ___. 15, 000 1937 ccmee o 9, 500 1951 L __
1924 _____. 15, 000 1938 oo 10,000 |} 1952 . __.
1925 . __. 14, 000 1939 ___. 12, 000 1963 - ____

1940 __-____ 11,000 | 1954 ______._
1926 _____ 14, 000 1955 ..
1927 oo 14, 000 1941 _____ 11, 000
1928 ____ 13. 000 1942 .. _. ~ 12, 000 1956 ...
1929___ —..__ 12,000 1943 . .~ 12, 600 1967 o .
1930 . ____ 12,000, || 1944___..___. 112,800 1958 -
1931 . 11, 000 1945 o 13, 000

- Underflow to ocean (acre-ff) 191858

Total e o e e 470, 000

11, 000

. 1 Estimate by Worts. (1951, p. 95, table 11).
WITHDRAWALS BY WELLS

- Most of the ground—water'discharge is by pumping from wells, an
the water is used for agriculture, public supply, and industry. By f

the largest quantity of pumped water is for irrigation of agricultural:f

lands. A few irrigation wells are pumped by diesel or natural-g
engines, and the others are pumped by electric powerplants. T
quantity of water pumped for public supply is determined by meter
flow, and the quantity of water pumped for agriculture and indust
1s estimated. ’ . . . :
Estimates of the quantity of water pumped for irrigation from 19
to 1958 are based on eléctric-power ‘data obtained from the pow

company. Estimates for years prior to 1932 are based on irrigated

acreage and duty of water as described by Worts (1951, p. 85 and 88)

GROUND-WATER USE, SANTA MARIA VALLEY, CALIF, Alb

Fror the period 1945-58, estimates of the pumpage for irrigation are -
computed by dividing the electric power consumed (kilowatthours
(kewhr) ) during the base year of 1950 by the appropriate energy factor

lewhr per acre-ft) for each-of 15 power areas. These areas were
selected on the basis of pumping lift. Average energy factors for each

"powel‘ area were determined from pump-efficiency data for the years

1947-53. Energy factors were adjusted each year to account for in-
creases in pumping lift in those power areas where water levels had
changed since 1850. Pump efficiencies ranged from 30 to 80 percent
ond averaged 55 percent. The unit-power factor averaged 1.6 kwhr
ser acre-ft. per foot of lift.

Table 6 lists the net pumpage for irrigation for the 41-year period,
calendar years 1918-58. Data for the years 1929—44 are from Worts
(1951, p- 89). Net pumpage for irrigation is computed as 80 percent
of the gross; use of this percentage leaves 20 percent of the gross for
return to the ground-water body.

TaBLE 8.—Net pumpage for irrigation, 1918-58

[All values are rounded. Pumpage for 1918-28 estimated by author from irrigated acreage and duty of
water; that for 1920-44 estimated by Worts (1951, p. 89); that for 1945-58 estimated by author from
electric power consumption]

Net pump- Net pump- Net pump
Calendar year age (acre-ft) . Celendar year age (acre-ft) Calendar year age (acre-ft)
1918 oo 5,000 || 1932__.____._ 41,000 || 1946_.______ 88, 000
1919 __ 5,000 || 1933________ 36,000 || 1947________ 96, 000-
1920 6,000 || 1934________ 38,000 || 1948___ _____ 83, 000
1985 ___._. 41,000 || 1949________ 88, 000
1921 oo 11, 000 1950 ____. 90, 000
1922 o 16,000 || 1936 ______._ 48, 000
1923 ____ 22,000 | 1987________ 47,000 | 18561 __..___ 74, 000
1924 . 26,000 || 1938________ 47,000 || 1952 _______ 87, 000
1925 . __ 28,000 || 1939________ 52,000 || 1953 _.___ 77, 000
1940__ . .____ 60,000 || 1954 _______ 83, 000
e 31, 000 1956 ___._ 88, 000
1927 .. 34,000 || 1941________ 48,000
1928 . __ 36,000 || 1942________ 49,000 |} 1956_.___.__ 87, 000
1929, ... 40,000 || 1943________ 54,000 |} 1957 _______ 86, 000
1930 oo ___ 42,000 || 1944________ 57,000 || 1958 ______ 111, 000
1931 o 43,000 || 1945________ 82, 000
o 't . Net pumpage (acre-ft) . 1918-58 1950-68
Tobal. . 2, 180, 060 7
Annual average . ___.____.__________ """ TT7"TT 53, 000 ggiggg

n addi;ti'on to pumpage for irrigation, a comparatively small amount
. o_f_wzf,ter 1s pumped each year for industrial, public-supply, domestic
.,“:agd_ h‘.vestock uses. Thispumpageisshown in table”. ' ,
: Est@ates of pumpage for industrial use are based on pump capacity
operating time, and product or process requirements. J
:‘For the period 1952-58, records of public water-supply pumpage
ere furnished by the city of Santa Maria; and, for the period prior
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storage change has been made for the probable landward displacement

to vl952, estimates of pumpage were made from per-capita-use data 3§ : ' :
of the fresh water—sea water interface in the offshore extension of the

derived for the years during which pumpage was metered. Both ex
cess water applied to lawns and sewage effluent return an unknown
quantity of water to the ground-water body. - However, the} amoun
probably is small and, therefore, hasbeen disregarded. Estimates of:
pumpage for the city of Guadalupe were obtained from the Campo

aquifer-

7 —Hstimated withdrowal of water dy wells for uses other. than irriga- )
tion, 1918-58 ) R

[ADl values rounded]

_TABLE,

donico Water Works. Estimates of public water-supply pumpag
used by other communities and rural areas in the valley are based o ‘ Public-supply and o |
a per capita use of 150 gallons per day. _ cmen&ar year Industriel (acre-it) Livestock | Flowing , f;?f}{)
The Santa Barbara County Farm Advisor reported (Ray Gie eoretty |7 omer | @) | Gecre ) .
berger, oral commun., 1962) that in recent years about 6,500 head 0 Maris
dairy cattle and about 15,000 head of beef cattle in the Santa Mart 200 sl s00 250 2000 . 3400
Valley have required more than 1 million gallons of water a day, o e 20 o # §: oot i: S0
approximately 1,100 acre-feet per year. 1000 600 500 vs0 © %0 0
"Prior to 1946 & considerable quantity of water was discharged b Lo, 600 300 250 L 800 £ 400
fiowing wells in the western part of the confined area. However, b L 400 700 - o 230 } 00 i 500
1949 these wells had stopped flowing. Istimates of the quantity o 1600 700 500 »5o © %0 a0
water discharged from these wells are based ou a probable maximu o So s 250 L, 500 g 000
fiow of 2,000 acre-feet n 1918, a minimum flow of 500 acre-feet i 73 goo 500 220 i 30 gi 000
1936 (table 7), and an average flow of about 1,200 acre-feet a year for 2, 200 1. 000 700 250 - 5’ .
the period 1949-45 (Worts, 1951, p. 91). Estimates for the perio 2 1, 000 700 260 500 5,20
1918-36 and 1945-51 are apportioned in accordance with a probable 2 %0 L1 700 250 600 gj 20
flow of 2,000 acre-feet in 1918 and no flow since 1943. 2,700 1,200 700 250 500 5' 400
Estimates of withdrawal of water by pumping for purposes other 2o T 7% 250 i 800
than irrigation are shown in table 7. 310 1160 ‘ 00 250 500 2 i
CHANGE IN AMouﬁT OF GROUND WATER IN STORAGE % §§§ i: §§§ _ gﬁg ‘ 20 ii oo |60
: " : .8 0 250 1,200 8, 000
The final element of the hydrologic equation, the change in amount f . 155 i 5800, . Lol 860 i L 8 200
of ground water in storage, is the difference between the quantity offf 1'94'7 ________________________ 3700l 1800 500 0| - s 600
water in storage at the beginning of a selected period and that in sto L ————— fao| 3 Sof- ey . mo 200 7600
age at the end of the same period. Water-level data were used t 1950 3,800 5 200 1, 060 1,200 ’ [
_ compute the volume of water in storage above sea level in 1918, 1950 191 3,800 2,200 1,000 1,200 ol 500
and 1959, as shown in table 2. However, only data for 1950 and 195938 1888~ so| g §§§ T L 200 0 8100
are adequate for making estimates of storage changes throughouff 1% : . €000 7,600 el Lo 0 £ %0
the complete basin, and these show a depletion in storage of.about B 4100 2,300 1,100 1300 . o, 500
percent for the period 1950-59.- . Water-level data for 1918 are adé 1.9,??_;, e | k00| %00 T ;gg Lan 0 % 30
quate for the valley floor but are largely extrapolated for the uplan R U600 | 60,000 azo000| moo0|  5,000| 200,00
areas and are subject to error. == : - :
As is shown in table 2, the amount of ground water in storage d Withdrawal of water (acre-ft) | 101858 | 1050-58
creased about 860,000 acre-feet in the period 1918-59, an average an Toul . ' - e
ntal decrease of about 21,000 acre-feet. The amount of ground wate A BV OIAEe  -oreo 8,400 8, 900
in storage decreased about 150,000 acre-feet in the period 1950-59, a
average annual decrease of about 17,000 acre-feet. No estimate of
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Table 8 summarizes the hydrologic equation for the periods 1918597
and 1950-59. Estimates of recharge, discharge, and change in storage?
are based on the same methods as those by Worts (1951, p. 72-123)
However, estimates of storage change have been revised by the avail
ability of extensive water-level data for the springs of 1950 and 1959
'The most significant feature brought out by an analysis of the twe
periods of comparable recharge isthat the equation is almost in balanc
for the period 1918-59. On the other hand, large withdrawals o
ground water during the period 1950-58 have caused only a smal
depletion of ground water in storage; the result has been a relatively
large imbalance or discrepancy in the hydrologic equation. :

TaBLE S—Hydrologic equation for the Sante Marig Valley ground-water ba

{1l values rounded]

Average annual rgcharga (acre-ft) 1915-59 1951-59
Seepage loss from streams (table 3)_-__._______ 39, 000 41, 000
Infiltration of rain (fable 4) ... ___ .- 8, 200 11,000
TObB] - e e e e 47, 000 52, 000
Average annual discharge (acre-ft) 1918-68 1950-68
Underflow to ocean (table 5) oo ___ 11, 000 8, 000
Net pumpage: N '
Irrigation (table 6) __ _ o _____ 53, 000 87, 000
Other uses (table 7)__ . __ 6, 000 8, 900
Total . - 70, 000 104, 000
Fguation balance (acre-Jt) © 1918-59 196059
Recharge (1) minus discharge (2)o-ooccomoooon_. —23,000 —52,000
Average annual change in amount of ground water
in storage (table 2). . __i____.. e —21,000 —17,000
Average annual discrepancy in hydrologic equa~
tiop, (3) minus (4)e oo 2, 000 35, 000

The hydrologic equation shown in table 8 indicates an average
nual discrepancy of about 85,000 acre-feet for the period 1950-59
compared to a near-balance for the period 1918-59, even though
annual average precipitation (table 4) was approximately the sam
for both periods. Because water-level data for 1950 and 1959 ar
more reliable than those for 1918, the estimate of storage change (tabl
2) for the period 1950-59 probably.is more accurate even though th
imbalance 1s significantly greater. Also, the discrepancy in the equa
. tion for the period 1950-59 is of a magnitude that indicates a situatio
stmilar to that in other basins in Santa Barbara County; that is, th
difference between recharge and discharge is considerably more tha
the change in storage indicates (Wilson, 1959, p. 86-88, and Evenso
and others, 1962, p. 61-101). The difference between recharge an
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discharge for the period 1950-1959 is about three times the estimated
change in storage. ; :
All estimates for the various elements of the hydrologic equation are
subject to errors which are expressed as the discrepancy in the hydro-
ogic equation (table 8). Hrrorsin the ésti_mated recharge may be due
to Jow estimates of penetration of rain and additional unknown sources
of recharge. Omne source of additional recharge may be subsurface
inflow from fractured or weathered zones in the consolidated rocks
that border and underlie the basin.  Brrors in estimated net pumpage
may be due to Inaccurate estimates of return irrigation water.
Estimates of storage change may be low because estimates of specific
yield are low or because some water is being mined from the sub-
marine extension of the ground-water reservoir. As ground-water
outflow to the ocean has gradually decreased during the past years, the

- fresh water-salt water interface presumably has moved landward

and thereby has displaced a corresponding amount of ground water
in storage in the offshore extension of the aquifer. This amount would
be in addition to the previously calculated storage. Supplemental
hydrologic data will be necessary before estimates can be made of the
magnitudeof the displaced amount of storage. '

PERENNIAL YIELD AND OVERDRAXT

. Perennial yield of a ground-water basin generally is the maximum
amount of water than man may use from the basin annually and still

~maintain the ground water in the basin as a permanently renewable

'r'esource. Overdraft is the quantity of water pumped from the basin
in excess of. the perennial yield. Worts (1951, p. 123) stated, “The
perennial yield of the water-bearing deposits in a coastal area is the

Tate 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

ifz{tg causes the landward migration of sea water into
thus renders the water chemically unfit for use.”

The detainment of floodflow by Twitchell Dam and reservoir, on

the deposits and

- the Cuyam'@ River, will result in an estimated increase of 21,200 acre-
. Teet per year to thé yield of the
~-of Reclamation, 1958, p. 19).

ground-water basin (U.S. Bureau

Estimates of perennial yield are.based on the hydrologic equation
f(?r the% 1950-59 period and may be determined by two methods: peren-
nial yield may be equal to the average annual recharge minus the
unrecoverable water, or it may be equal to the average ajmual pump-

Ing draft » minus t i i
St(i o plus or m;nlls the cllange 1n amount of ground water in
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Recharge for the period 1951-59 averaged 52,000 acre-feet per year -

(table 8), and unrecoverable water (underflow to the ocean) fOI.‘ the ¢ -
same period averaged 8,000 acre-feet per year (table 5). The indi-f

cated perennial yield is the difference between the two estimates, or
about 44,000 acre-feet. With continuing overdraft, underflow to the:

ocean will decrease as the hydraulic gradient is reduced. If the gla

dient is reduced from 5 to 2 feet per mile, underflow to the ocean will ;

decrease from about 8,000 to 3,000 acre-feet per year and the naturaﬂj
perennial yield will increase proportionately to about 49,000 acre-feet, £

which closely agrees with the estimate of 53,000 acre-feet made by:
Worts (1951, p. 128). The additional yield of 21,200 acre-feet from
Twitchell Dam augments the perennial yield of the basin to about’
70,000 acre-feet per year. : f
Estimated pumping draft for the period 1950-58 averaged 96,000
dcre-feet per year (table 8), and the average change in storage w
17,000 acre-feet per year (table8). Thus,the indicated natural pere
nial yield is about 80,000 acre-feet. An additional 5,000 acre-fe
_increment, obtained as a result of reducing the hydraulic gradient
2 feet per mile, and a 21,200 acre-feet increment from Twitchell Da
result in. an augmented perennial yield of about 106,000 acre-feet.
The large discrepancy of closure of the hydrologic equation (tab
8) for the period 1950-59 indicates that use of the elements-of-rechar,
method is preferable to the use of the elements-of-discharge metho
to determine perennial yield. The discrepancy represents the sum

all the errors in the hydrologic equation plus the unknown quantit
of water mined as a result of the landward migration of the fres
water—sea water interface. However, 70,000 acre-feet probably
both a realistic and a conservative-estimate of the augmented perer
nial yield of the Santa Maria Valley ground-water basin.
. Overdraft occurs whenever average aunual discharge excee
+170,000 acre-feet per year, and during years of overdraft, water leve
will probably decline. If water levels decline enough to establish
landward hydraulic gradient, then, protective steps must be taken -
prevent extensive sea—water encroachment and consequent contamin
tion of the fresh-water aquifers. ' -

SEA-WATER- ENCROACHMENT

_Seaward hydraulic gradients and consistently low chloride conce:
trations in water from wells near the west end of the valley are ind
cations that sea-water encroachment has not been an obvious probler
However, as water levels have been lowered, the seaward hydraul
gradient has decreased and an unknown, amount of sea-water el

' In equation 1

_the hydraulic grads
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croachmient probably has occurred at the offshore ends of the aquifers
If the seaward gradient continues to decreasé and reverses t0a land-.
ward gradient, sea water will move inland in the aquifers.

The coastz_d segment of the Santa Maria Valley ground-water basin
-(pl. 1) consists of several permeable aquifers of sand andigravel con-
fined and separated by relatively impermeable zones of silt and clay
Data are not available to determine whether ground-water gradients‘
are the same in each of the aquifers in the coastal segment, of the basin.

. Hovwever, if one assumes that the gradient is the same In each aquifer,

- comparison of the relative position and shape of the intruded wedge

of sea water for ground-water gradients of 10, 5, and 2 feet per mile

- is significant.

- A mathematical equation used to determine the length of the sea-

water wedge In coastal aquifers was discussed by Brooks (1960, p
1-13) and can be expressed for confined aquifers as o
1 PE—1m?

o 1)

- where

.g=seaward tate of flow of fresh wat
(zpd per ft)

L:}ler%gth of intruded sea-water wedge (ft)

m=thickness of pressure aquifer (ft)

S_%_I.OQS
w1
(wsis density of sea water: w is densit;

4 . ; y of fresh water

_P:ﬁeld coeflicient of permeability (gpd per sq ft) )

er per unit aquifer width

=ratio of unit weight of sea water to fresh water

q=PmlI

‘_ I=hydraulic gradient (in ft per ft).

Substituting Pm7 for ¢ In equation 1

- (S—1)ym
- =" @
‘. Thus, equation 2 indicates that the length of the intruded sea~wat

wedge (L) is dependent only on the thickness of the aquifer (m) o

d
ent of ground-water dischare ; o
reuic g 7 - ge (I); the 1
:’;be V\lredbe is d_J.rectly proportional to the aquifer thickness eanfcih o
ersely proportional to the hydraulic gradient. : o
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Tn the coastal segment of the basin, the length of the intruded sex
water wedge for the lower alluvial aquifer is computed as follows

_(8=1 m
b=~

where
m=100 feet :
I=10 feet per mile, or 10/5,280.
Then, substituting values, equation 2 becomes -
’ £..0.025X100
, ~2(10/5,280) ,
Electric-log data show that below the base of the alluvium; seve

-of the aquifers are about 50 feet thick. The length of the iﬁtruc:lg,}
sea-water wedge will vary, depending on the hydraulic gradient a

=(60 feet

the thickness of the aquifer, as is shown in the following table.

m=thickness of pressure
aquifer (ft},

© 100 50

I=hydraulic gradient (ff per mile)

Length of i.ntrudéd
sea-water wedge (ft)

10 660 330
B e 1,320 660
3,300 1, 650

Although a seaward gradient of about 5 feet per mile existed
1961, the chloride concentration in water from a’ well within a f
hundred feet of the coast was only about 60 parts per million. T
‘fore, the submarine outlet of the aquifer in the lower member of
alluvium probably was farther than 1,320 feet offshore. .

The submarine outcrop of aquifers below the alluvium may ext
even farther seaward, but no data are available to show either"
draulic gradients or hydraulic pressures, both of which are necessa
to understand the hydraulic system in-the coastal segment of the bas
"~ At least two observation wells having piezometers that tap at le

three aquifers (table 1) will be necessary to évaluate this hydrau
system in relation to sea-water encroachment. '

g
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SUMMARY AND CONCLUSIONS

‘Overdraft since about 1946 has resulted in a significant decline in
- sater level throughout the basin as ground waté; has been removed
from storage. g :

. In 1959 approximately 2,200,000 acre-feet of ground water was in
storage above sea level in the ground-water basin—a depletion of
‘about 6 percent for the period 1950-59. -

3 ,_YEstim.ates of ground-water storage depletion are not consistent
with estimates of ground-water discharge and known sourees OE Te-
-charge. Krrors may exist in one or more items of the ground-water
- inventory, but: they are most likely to be in the estinmtesb of discharge
: and in the est.u_nates of change in ground water in storage. ¢
5 The best est;mates of perennial yield, therefore, are based on the
-elements of gro_und-water recharge. A conservative estimateiof the
$ :itura% peljennlal"yield is nearly 50,000 acre-feet:; the au mented
,_P'erenmal yield, which includes the 21,200 acre-feet (,Jf water grel ased
-at Twitchell Dam, is about 70,000 acre-feet ]er year. S
_Int.rgsmn of sea water has not been observed in landward arts of
'he basin, but limited sea-water encroachment probably has oL():curr 1
i the oﬁsh'ore extension of the aquifers. Although electric logs eff
: il wells drilled near the coast indicate the presence of several f%esl(i-
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