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Monterey'County
Board of Supervisors
P. O. Box 1819
Salinas, Ca. 93902

Subject: Hydrogeoleogical Report on the Deep Aquifer, Saiinas Valley,
Monterey County, California

Honerable Boafrd of Supervisors:

Transmitted herewith are 1@ copies of the above report as called for
under contract betweevn Thorup and the Board dated Rugust 3, 1976.

This report is updated to include pertinent groundwater developments
in the Deep Zone subseguent to the drilling of the County Well mnear
{ Mulligan Hill in 1976.

The subsequent pumping history and water quality data of the County
Well, and the data from three additional wells completed in the Deep
Ione confirm this agquifer as a viable source of groundwater in the
rangs of Clase 1 and the upper part of Class 2 types as defined by the
tate and County Health Departments. Deep Ione pumpage at this time
ic being used for municipal purposes in Marina, for the Monterey Dures
Subdivision and for irrigation purposes at the County and P B & E
Wells.

Iresmuch as the locations of the four wells are near the shoreline of
Monterey Bay, somz concerrn has been veiced on the possibility of salt
water intrusion into the Deep Zone. Flood Cotrirol will be conducting
some tests to help identify the amournt of safe yield which may be
extracted from the aguifer.

I trest this regp8t will assist in further expleitation and evaluation
of the Deep ZIcrne and that the zone will becowme a valuable source of

grourdwater for the valley ir the future.

Very truly yours,

“( RICHARD R. THORUP
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During 1976, in response to a need for a new supply of fresh
water for irrigstior lands in the Castroville Area, the County of
Monterey Board of Supervisors authorized the County Flood Control and
Water Conservation District to embark on a program t¢ develop, if
possible, a supply of fresh water from a potential fresh water aguifer
lying below the salt water—intruded 18¢ and 400 Foot Zone Rquifers.
This aquifer is knowrn as the Deep Zone, formerly called the 38¢ Foot
Aquifer. The County Well was successfully completed in the Fall of
1976 as an artesian well thru perforations between BBG and 1560 feet.
Dn a 48 hour pump test the well produced 2002 gpm of Class 1
groundwater from a pumping level of 1£3 feet. The well is in Section
&, Ti45, R2E, on the north side of the Saliras River about 1/2 mile
east of the Monterey Bay shoreline. The well was subseguently turred
over to the landowners and is now being used to irrigate 549 acres of
crops.

. Three additional wells have since been drilled into the Deep
Zone, the last one by the City of Marina. This well produces 2080 gpm
of Class 1 groundwater from an interval similar to the County Well.

Drilling records of abandoned oil test wells show that the Deep
lone extends along the coast between Marina and the Springfield-Moro
Cojo District, north of Moss Landing, for a lateral distarce of 12
miles. It is believed to extend into the Soguel-Aptos area, near
Santa Cruz and to Seaside on the south. The zone extends in the sub-
surface along the Salinas Valley southeasterly to San Ardo, where it
is called the Paso Robles formation. The zone is thought to outcrop
along the walls of Monterey Canyon in MontereyBay at a distance of
some five miles from the shoreline.

The thickness of the zone varies from 722 feet in the County Well
to a maximum thickness of 2800 feet west of Greenfield. South of King
City, along the valley floor, the formation thins to a a few hundred
feet, where it rests on Pliocene and Miocene Strata.

The Deep Zone along the coast lies above Miocens Marine Shale{pawfhnfv

It is the lowermost fresh-water bearing agquifer in this District. The
lower 350 feet are composed of 3 weakly indurated fossilifirous sard
fingers separated by 20 foot layers of clayshale. These marine strata
are correlated with the Pliocene Purisima formation of the Santa Cruz
Mountains, The saline waters of these marine beds were flushed out in
Pliocene and Pleistocene time and replaced by fresh water. The marine
strata pgrade laterally eastwards into the Nonn Marine Paso Robles
Sands, gravels and clays a few miles east of the coast. At the
Marihart abandoned oil test well in Section 31, T135, R4E, near
Chualar, the strata are all non marine. The formation is buried along
the east side of the Salinas Valley to Cholane Creek. South of this
point it crops out along the base of the hills to Sar Lucas. On the
south and west sides of the valley, the formation outcrops over
portions of Fort Drd and the Spreckels Hillsy along the east flank of



the Sierra de Salinas the Paso Robles appears in isclated outcrops
dipping into the valley. Most of the formation in this strip is
covered by alluvial fans. The formation reappears at the RArroyo Seco
River and forms a fairly continuous line of outcrops southwards to
King City. The formation outcrops along the westerly edge of the
Salinas River, and in a strip along the edge of the hills, between
King City and San Ardo.

Fourteen wells, stretching between the Prunedale Hills and King
City, have been perforated solely in the Deep Zone. In all of the
wells the quality of the wter is either Class I or in the higher
quality level of Class II. Thirty additional wells mostly in the
northern end of the valley, are dual perforated in the upper member of
the Deep Zone and the 40Q Foot Aguifer.

Total groundwater in storage is ralculated at 1,349,333 acre feet
within the political boundary of the Castroville Irripation Project.
Total groundwater in storage within this study area is 21,525,612 acre
feet. Because of the unknown location of the salt water-fresh water
inferface beneath the bay, mno figure for usable groundwater, or safe
yield, in the coastal area is estimated at this time, Additingal
testing of the County Well and the drilling and testing of new wells
in the Deep Zone, together with constant monitoring of the quality and
water level of the present wells, will hopefully provide, in time,
sufficient data to provide a meaningful answer to this importani
guestion.

Usable groundwater in areas removed from the coast (Areas 2, 3,
and 6 in this report) is calculated to be approximately 3,708,882 acre
feet.

Average annual recharge into the Deep Zone is calculated at __
acre feet. This recharge begins near the Salinas Valley town of San
Ardo, 73 miles from the Monterey Bay shoreline by 65,502 acre feet
percolation from the Salinas River thru the alluvial sands and gravels
into the underlying coarse sediments of the Paso Robles formation, and
from direct percolation into the Paso Robles outcrops. Northwards
towards the bay, recharge along the east side is gererated by small
stream inflow into terraces and alluvial fans and downwards into the
underlying Paso Robles sediments. Direct precipitation into Paso
Robles outcrops occurs along the western edge of the valley from San
Ardo to the Fort Ord Military Reservation. Subsurta rcolation
thru The —poFous —Rromas—formation—imts the ummes
octurs in the Military Reservation, Marina, and the Prunedale Hills.
Most of the Deep Zone Fecharge is thought to be derived from Salinas
River percolation between San Ardo and Soledad.




DEVELOPMENT HISTORY AND REGIONAL HYDROGEOLOGICAL STUDY OF THE DEEP ZONE
PLIOCENE AGUIFER NEAR MDUTH OF SALINAS RIVER

The Monterey County Flood Control and MWater Conservation District
(M,C.F.C.), in early 1876, through funds authorized by the Board of
Supervisors, drilled and completed a successful irrigation water well
exclusively in the Deep Zone. The well was grilled on land lying within the
Castroville Irrigation Project and is located on the north side of the
Balinas River one-half mile east of Monterey Bay, near the topographic
landmark of Mulligan Hill.

The purpose in drilling the well at this location was to establish the
viability of providing Class ! groundwater from the deep zone for irrigation
in the Castroville area. The need for Class 1 water had become acute over
the last 20 years upon the progressive encreoachment of sea water intrusion,
first in the 180 foot aquifer and, subsequently, in the underlying 400 foot
aqufier.

The Castroville area, which has been a part of Zones 2 and 2R since
their inception, has benefitted form the consturction of the Nacimiento and
San Antonio Dams in South County by receiving constant percelation of resh
water intc the alluvial aquifers from flow from the dams, but the benefit to
this district has been insufficient to halt the intrusion. Therefore, the
decision was made, and the funds authorized, to; first, drill a test hole to
the base of the deep zone and analyze the results, and, second, depending
upon the results of the test hole, to drill and complete an irrigation well.
In 1976, the Fontes test hole was drilled with the goal in mind of a
potential pumping rate of 3008 gpm, which, in the opinicon of the engineers,
would justify the establishment of a well field which would weet the Bureau
of Reclamation Fund Application PL 984 requriement of a guaranteed supply of
18,820 acre feet per year. This was the amount deemed to be needed during
anticipated fDrth°°m1“Qﬁgff-PEEZDQf}?‘g,G’”/ff//

The Fongpswwlocation did not appear to be capable of meeting this
requireneq;f/ so the decision was made to drill the Well No. 1 at Mulligan
Hill.)//This well was completed and test pumped in December 1976. It pumped
2002 gpm at 163 feet of Class 1 water, from a perforated interval of 880~
1560 feet.

Three additional deep, successful wells have been drilled in the
intervening - years and have established the viability of the zone along the
coast. These wells extend from abut a mile south of Moss Landing, on the
north, to Marina, on the south, a distance of 7.5 miles. Indications form
electric and drillers logs of oil test wells grilled in the Moss Landing and
Springfield-More Cojo districts are that fresh water in this zone extends
northwards along the coast towards the Pajaro River, and south into the Fort
Ord area.
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Southeast, toward the valley towns of Greenfield and King City, a
distance of some 60 miles from Moss Landing, indications are that the deep
zone continues up the Salinas Valley beneath the valley alluvium in
sufficient thickness and permeability to be a continuous viable aquifer. It
is a repository for several million acre feet of groundwater beneath the
shallow alluvial sands and gravels, now the sole source of gorundwater.

Reference is a preliminary report by this author containing a detailed
account of the results of the MCFC Fontes test hole. The report includes a
structure contour map and isopach map of the deep zone, a map showing the
recharge areas, and six cross-sections across the Salinas Valley between
Moss Landing and King City. It also contains a description and history of
the Castroville Irrigation Project and a map showing the hydrologic
provinces in the Balinas Valley.

This present report is concerned primarily with (1) the geological ard
well development results of the MCFC well No. 1; (2} a refinement of the
stratigraphy of the deep zone along the coastal area with a series of 8
electric lop cress-sections covering the northern part of the Salinas
Valley (3) 5 updated cross—sections between Spreckels and King City;
(4) updated structural contour mapj (5) isopach map and (6) recharpe map;
and {7) a water guality and groundwater storage map. The investigation was
enlarged to include the Prunedale Hills and adjoining Springfield District,
nrorth of Moss Larmding, and a portion of Fort Ord, along the southerly edpe
of the original report.

For additional background information on the Castroville Irrigaiton
Project and the Salinas Valley hydrologic provinces, consult Reference 34.

A i S i

The Geologic Base Map for this study is a strip map covering the
area between the Pajaro River, on the north, to King City on the
south, the Babilan Range in the east, and the Carmel Valley on the
west. The westerly limit of the drainage basin is the easterly
slope of Sierra de Salinas. The original scale is 1:125,608.
Most of the geology was taken from Dibble's USGS open file
quadrangel maps with a few revisions by the present author, The
Plate contains one table with 44 numbered oil test wells and
another with 37 water wells which were used in the construction of
the various plates. This Plate also shows the location of Cross-
Section lines A-R' thru G-G' and I-I1' thru M-M’,

w




Plate 2 - Is a Structural Contour Map on the base of the Deep Zone.

The limits of the basin extend between Springfield-Moro Cojo, on
the north, to King City at the southeast. Tables 3 and 4 contain
the control points (subsea) used in the ronstruction of the map.
The buried easterly subsurface limit of the Paso Robles formation,
as is presently known, is shown, as is the direction of
proundwater flow.

Plate 3 - Is an Isopach Mpa of the net sand thickness (clays and sand clays
excluded) of the Deep Zone.

The thickness along the Salinas River between Breenfield ard
Monterey Bay is estimated from well and outcrop data to be in
excess of 500 feet.

Plate 4 - Groundwater Storage Basins and Water Quality Chart

This Plate divides the total area into 6 separate proundwater
basins:

1) Castroville Irrigation Project
2) Prunedale Hills

2) Springfield-Moro Cojo District
4) Marina - Fort Ord East Garrison
%) Central Salimas Valley

&) East Side

Table S shows the surface area of each basin and the rcalculated
amount of storage in acre feet and the estimated amount of
useable groundwater in storage for each basin. The aregas were
planimetered by Flood Control personnel.

Water OQuality Chart shows selected quality data on 14 wells
perforated only in the Deep lone,

Values are shown for EC, CL, and Na.

This plate shows 13 Recharge Rreas located between Springfield-
Moro Cojo, at the Nerthwest, to San Ardo, at the Southeast, a
distance of 79 miles. Areas 1, 2, 3, 4 and 5 are in the hills
along the westerly border of the valley; FAreas 6, 7, 8, 9 flank
the easterly edge of the valley; Rreas 18, 11, 12 and 13 are
segments of the valley floor between San Ardo and Spreckels.

Total recharge from the 13 areas is estimated to be 50,200 + acre
feet per year. This recharge is believed to percolate within the
Paso Robles formation from the San frdo downslope into Monterey
Bay.
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5 - Regional Cross-Sections

|
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1) AR longitudinal section (a-R') between the Monterey Submarine
Canyon, on the north, and King City, on the south, a
distance of 6@ miles.

c) Six Transverse Sections (B-B' thru 6-6')

Plate & - Coastal Cross Section I-1'
This north—-south cross section correlates the Deep Zone between
Seaside, on the south, to the Springfield-Moro Cojo District,
three miles north of Moss Landing, on the north, a total distance
of 19 miles. Data from 19 wells (5 abandoned oil test wells and
14 water wells) is incorporated in this section.

plate 7 - Cross Section J-J?

: This is a SW-NE cross cection extends from the Flood Control well
(14/72/76L1) to a water well in easterly Prunedale Hills, which
bottomed in weathered granite basement at 530 feet. Included is
the Fred Ash abandoned oil-test well in easterly Prunedale Hills
drilled to 2898 feet in sedimentary strata of unknown age. The
electric log was run only to 1961 feet. Electric logs were used

for correlation between wells.
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8 - Cross-Section K-K!

This is an east-west cross section using electric logs thru 6
wells. It extends from Moss Landing (west) to a point near the
intersection of Meridian Road and Highway 156 (east)., The deep
zone was penetrated only at Moss Landing in an abandoned oil test
well (No. 7).

I
=
i
e
I

w0

g - Cross-Sectin L-L*

This is an east-west cross-section extending from the Flood
Controcl well, near the coast, across the basin thru Salinas and
the RAlisal District to the Gabilan Range. Seven electric logs
and one driller's log were used. This section shows the grading
of the Salinas River deposits into the alluvial sands. The
Alical Fauklt is shown to offset basement.

This is a north—south section between Moss Landing, on the north,
and the new City of Marina geep well on the south. Electric logs
from 10 wells were used.
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This cross—-section duplicates a portion of Cross-Section I-1!
(Plate &) but was included in order to show the electric log
correlations in the Deep Zone at a larpger scale. Water quality
is best in Well No. 37 and poorest in Well No. 6.

BEOLOGIC SETTING
The Salinas Valley deep aguifer consists primarily of sands and gravels
of the non—marine Pliocegze Paso. Robles Formation which, = upon grading into
marine sands and gravels along the Monterey Bay shoreline, are correlated
with.

The Pasoc Robles strata were laid down by the ancestral Salinas River
which had its headwaters in the upper Salinas Valley and the Paso Robles
area, from which it transported the sediments along the Salinas Valley into
Monterey Bay. Minor oscillations of sea level produced an interbedding of
marine and non-marine environments along the shoreline of the bay.

From King City to Salinas, west of Highway 101, the strata are all non
marine fluvial deposits consisting of interbedded sands, gravels, and clays.
About a half-mile east of the highway, the Paso Robles interfingers with
alluvial fan deposits, which carry a fairly high percentage of clay and an
overall lower permeability. The thickness of the fan material is 700-80@
feet, underneath which Paso Robles strata occur along the westerly edge of
the fans.

Between the Salinas River and the Sierra de Salinas, from Spreckels to
Breenfield, fan deposits spread easterly from the foot of the range to the
river. Sparse outcrops of Paso Robles are visible along the east side of
the trace of the Reliz-Rintonada Fault, where they have been elevated by the
action of the fault. It seems reasonable to postulate that the Paso Robles
underlies the entire strip of fans. Two test holes, one in Sect. 12/175/4E
and the second in Sec. 12/185/5E were abandoned at 509 feet in fan mwaterial,
which the drillers locally call "hill formation”. Two water wells west of
the River Road, opposite Bonzales, at surface elevations around a hundred
feet above the valley, encountered 5@ feet of loose sand and boulders
bottomed by 20 feet of clay below alluvial fan material at drilled depths
below 502 feet. The lack of cementation, as described, sugpests alluvial
rather than Pasc Robles material. Drilling was not deep enocugh in either of
the wells to determine whether or not fan material is present below the
gravels. '

The regional cross-sections (Plate 5) picture the Reliz-Rinconado Fault
as being a thrust fault with an offset of several thousand feet.

Greene (Reference 18) has identified a series of sedimentary strata in
Monterey Bay extending from Middle Miocene to Recent in age. Along the
coastline, south of Moss Landing, the combined thickness is 4080 feet thick,
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of which approximately 1500 feet are of Pliocene and Pleistocene age, and
the underlying 2500 feet are Miocene shale with a minor amount of
interbedded sand.

The strata along the coastline are only gently folded and seemingly
uncut by major faulting. Farther out in the bay the shales are folded ard
faulted along the Monterey Bay Fault Zone, which treads across the bay in a
northwest-southwest direction.

viaf

filong the slides of the Monterey submarine canyon, which traverses
westerly from Moss Landing, the Pliocene strata outerop along the canyon
walls and are thought to be subject to invasion of saline waters. Slumping
and landclides occur on a rather large scale along the canyon walls. This
may or may not enhance seawater intrusion.

Breene indicates that the Pliocene slopes toward MontereyCanyon from
the coastline at a low angle.

NORTHERN SALINAS VALLEY

Fresh water-bearing strata underlying the Salinas Valley are found in
three aguifers. The upper two are the 188 foot and 422 foot alluvial
aquifers, composed of unconselidated boulder and gravel beds, mixed with
sand and clay streaks. Indidivual gravel bedies up to 102 feet thick occur.
The aquifers often contain more than one gravel bed, with 10 foot clay
separations. These alluvial aguifers extend the length of the Salinas
Valley, unconfined in south county and confined from Bonzales morth. The
bulk of these gravel beds extend laterally between Hiphway 121 and River
Road, a distance of about three miles. Farther rorthwest, at about Highway
£8, south of Salinas, the deposits fan out and cover the area along the
coast between Marina, on the suoth, and the Springfield District on the
north, a lateral distance of 12 miles. They undoubtedly exist beneath the
coastal waters of Monterey Bay. REd sand and red sandy clay of the
Pleistocene Aromas formation is found BelTow the 400 foot aquifer in € wells
along the coast thus fixing the stratigraphic position of the 408 foot
aquifer as being within the time boundary of the Aromas formation. The 1976
Report of this author (Reference 33) erroneously placed the 4008 foot aguifer
in the Paso Robles formation.

The third aquifer is the deep aquifer, or the 908 foot aquifer, as it
was referred to in Reference 34. This aguifer is Pliocene in age. It is
composed of sands, gravels and clays of the Paso Robles formation. In south
county, the base is picked at the base of the high resistivity kicks on the
electric logs. in north county, the base is picked at the base of the

j —=>Pliocene sands, which in this part of the valley rest unconformable on the

et

Miocene Monterey shale formation. The lower 420 feet of these sands is
correlated with the Purisima of Watsonville - Aptos and the Santa Cruz
Mountains Purisma. Electric log correlations place the strata below lower
member the top of the Flood Control well as being equivalent to Purisima
member B int he Rptos area as defined by Hickey (Reference 22), The base of
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the deep aguifer at Mulligan Hill at 160@ feet is equivalent to the base of
the high resistivity kicks int he Paso Robles in central and south county.
The boundary of the transition of these lower strata from marine to non-
marine towards the east is not precisely known because of a lack of deep
well data, but is believed at this tiwe to lay in a north-south line east of
the Flood Control Fontes test hole, in the vicinity of Davis Road, or
perhaps as far east as Highway 68.

The name “"50@ foot zone" is being replaced in this report by the name
*Deep Zone", as it is felt that the term "5€0 foot zone" is too restrictive
in meaning. For one thing, it infers by impliration a reasonably thick
agquifer at 900 feet, which is not the case. It fails to communicate the
fact that most of the sand is deeper than 1008 feet. And thirdly, the top
of the zone isnot at 900 foot. The top of the Deep Aguifer is, in fact, the
top of the Paso Robles formation, which is closer to 700 feet than it is to |
920 feet.

CENTRAL VALLEY

Between Spence and Soiledad, the top of the Deep lone is placed at the
base of the 420 foot zone, considered to be at €00 feet, as for example in
the Marihart Well (Plate 1, Table 1, Well No. 13), near the 5. P. R. R
siding at Spence. Coarse sands and gravels, with interbedded tan clay
streaks, continued down to a depth of 163@ feet, the interval 1188-1559
being predominantly coarse to pebbly, with minor greenish-black and blue—
green sand. The interval 1630-1720 contains streaks of fine te medium sand.
fit 1720 the lithology changes to predominantly clay and medium-gray sandy
siltstone with interbedded sand streaks. The beds from 1638 to 1728 are
considered to be transitional between the sand and gravel above, ard the
clay and siltstone below. '

6 well field near this well was recommended by this author in 1976
(Refrence 34) because of the large amount of coarse material present in this
locale. Well No. 14 (Plate 1, Chart 1) was drilled in 1980 by Texaco, Inc.
to 230t feet. It ic located on an alluvial fan 1 mile northwest of
Bonzales. SAnds and gravels premoniate between 685 and 1092, below which
the material becomes thin bedded with low permeability. A prominent elog
break at 1499 is taken as the base of the deep zone. Branite basement was
encountered at 1975 feet. The lower par tof the Deep Zone, unlike the
Marihart well, appears to lack coarse sand and gravel. These are believed
to lie to the west, toward Highway 101.

fibundant deep well data is available about 4 miles due south of Soledad
on the RArroyo Seco Road in Well No. 15 (plate 1, Table 1), This well was
abandoned at 2326' in basement rock. Sand and gravel extend to a depth of
105¢ feet, below which sand, gravel, and clay with high resintivity streaks

10




are present to 1452 . Thin interbedded sands and clays extend to the top of
basement at 1780 feet. Numerous wells to the south and southeast of well
No. 15, which extend across the Arroyo Seco cone to King City, have a thick,
well-devleoped section of Paso Robles sands and gravels in excess of O50@
feet in net thickness. They fill the valley, and outcrop in long bordering
strips along both sides in the neighboring low hilis. These outcrops
continue south of King City to San Ardo.

The regional cross section (Plate %) show that the Salinas Valley is an
assymetric synclinal valley. 1t is bounded on the west by the Reliz-
Rinconada Fault, which has elevated the Sierra de Salinas several thousand
feet above the granite surface underlying the valley. The axis of the
syncline appears to underlie the west—central position of the valley, with
the basement surface rising gently to the east toward the 6Gabilan Range.
There is some suggestion from water wells of a normal fault being present at
least in localized areas, along the edge of the Gabilans.

* The Salinas Valley trough has received sediments from Miocene tiwe to
the present along the westerly part of hte basin, the older sediments being
overlapped towards the east. Two 0il test wells drilled withint he last 4
years (Plate i, Table i, wells 14 and 15) found Pliocene beds resting on
basement rocks at about 2000 feet. Depth to basement beneath the westerly
alluvial fans is estimated to be 6000 feet, or deeper.

The Pliccene outcrops along the westerly edge adjacent to the Reliz-
Rinconada Fault, between Spreckels and the Arroyo Seco, dip about 20" to the
east, placing the axis of the basin syncline in the vicinty of the present
course of the Salinas River. The Division of Mines Gravity Map (Figure o
confirms this interpretation.

Cross section B-B' (Plate 5) is based on an interpretation of 2 short
seismic lines run along the edpe of the valley south to Spreckels. This
interpretation shows the basement being down-faulted on the north side an
pstimated 2508 feet. The Pliocene and Pleistocene sediments being younger
than the age of the faulting, are shown dipping northwards into the valley,
unfaulted.

The Structural Contour Map on the base of the Pliocene {Plate 2) shows
that the basinal synclinal axis continues toward Monterey Bay along the
Salinas River. No faulting in either the Aromas strata or the Deep Zone in
the coastal area could be proven from the many electric logs. This writer
has concluded from his interpretation of the available data that if faulting
does occur in the area along the coast between Marina and the Springfield
District, it is most probably pre-Pliocene in age.

Fairly pood correlations in the Springfield District suggest a north-

south synclinal axis between the bay and the Elkhorn Slouph. This syncline
is shown on Plates 2 and 8.

11
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Two unmapped faults are shown on Plate 1 which are postulated from
subsurface data.

Y

2)

32)

Eikhorn $lough Fault. Evidence for this fault, though mnot
compelling, is strongly suggested from subsurface contouring along
both sides of the slough. The east side is the upthrown gide, and

there way be some lateral movement, as well.

Alisal Fault. Evidence for this fault is strongly suppested from a

number of deep water wells.

Water well No. 29 (Table 2, Plate 1) hit granite at 782 feet,
while wells to the east and west are 1080 feet deep. Farther to
the southeast, wells 25 and 26 (Table 2) both hit granite, or
granite rubble, at elevations which indicate an offset. This is
ghown on Plate 9, Cross-Section E-E’. This fault is thought to
trend to the southeast to Chualar Canyon along the east side of a
line of low hills which rise seventy feet above the surrounding
valley floor. The westerly side is upthrown, These hills are
shown on the Gonzales 1" = { mi. sheet of Dibblee’s open file
Geologic Map as being older fan gravel, flog.

Reliz-Rinconada Fault

The northerly extension of this fault is shown to traverse
westerly from the hills along River Recad south of Spreckels (Cross
Section B-B', Plage 5), cutting in the subsurface acress Fort Ord
along the south side of a subsurface gravity anomaly encountered
by Seick (Reference 32). From this point, the fault is projected
into Monterey Bay (see Cross-Sectien I-1', Plate &) where the
subsurface correlations suggest an anticline with the north side
downdropped. There is no surface evidence of faulting. The
faulting is probably Pre-Pleistocene in age.

12

/1[!&“}
[
Pt
zGTN

N



[

Location

MCFC AND WED WELL NO, 1 (145/2E/6L1)

— -

North Bank of Salinas River 1/2 mile east of Monterey Bay shoreline and
Mulligan Hill topographic marker.

Section &

Hell Drilled For:

Drilled by:

Test Hole:

9/24

9/30

10/2
10/4

ie/7
ig/10
1e/18-18
10/19
le/2e
le/ze
10/24

id/28

19/3@
11/2
11/2

11/4

T14S5/R2E Surface elev 12 feet

Monterey County Flood Control and
Water Conservation District

Salinas Valley Pump and Drilling, Salinas, CA,
succeeded by Salinas Pump Company.
Spudded September 27, 1576

Bit size 12 1/4" to 1562
7 7/8% to 18@9

Drilling History

Drilled and set 30" conductor pipe in 36" hole.
Landed in solid clay. B&rout cemented.

Drilled 12 5/8" hole to 1560

Drilled 7 7/8" hole to 1809

Lost drill collar in hole, top at 15508, Fishing.
Failed to recover fish.

Ran Welenco E lopg to 1775

Ran Bo International E log suite to 1560.

1. Induction Log

2. Compensated Density Log

3. Micro Log

4, 6@ sidewall samples

Opening Hole from 12 5/8° to 17 1/2®

Reamed to 1568

Reamed hole to 28 1/2"

lLost slips in hole. Fishing. Pushed slips to bottonm.
Reaming 26 1/2" hole to 156@.

Finished reaming at 1568.

Installing casing. Ran to 15680,

Ran 2" gravel feed line to bottom.

Begin gravel packing. Two inch feed line parted at
69' after packing 1@ joints. 48 pots in hole from
12997. Install 3" gravel feed line to 848 feet.

155 pots in hole. Total 10 tons

Swabbed and installed total of 165 tons of gravel.
Top at 802'.

Swabbed and washed bottom 200" of hole. No sand
recovered. MWell clean. Ran temperature survey.
Finished cementing with 1750 sacks.

13
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11/8
11/9
11710
11711

11/14
11/19
11/22
12/2
12/6

3 centralizers welded

97-10@% passing #3
9@~98% passing #4
6@-85% passing #5
10-25% passing #B8
P-1%  passing #16

Commence swabbing.

Swabbing. Fluid level at 25 feet in AM

Well flowing 120 gpm S5e6 ppm CL 1800 TDS

Rig wmoved off location

Formation water tested 186 ppm CL and 780 ppm TDS
Water Analysis 122 ppm CL and 558 ppm TDS
Installed Pump

Commence well devleopment

Develop well. 68 hours gross time

Commence 48 hours pump test

9 A.M., Artesian Flow 100 gpm. Water temperature 93°.

Performed Rosson Sand Test,

32" 1.D. Cu-Bearing Steel Conductor Casing

16" I.D. x 3/8* wall, Cu-Bearing Steel Casing
16" - 12" Cu-Bearing Reducer

12 3/4" D.D. x 1/4" Wall Cu-Bearing Casing

12 2/4" 0.D. x 1/4* Wa2ll Full Flo Shutter Screen
apertures ©.060", 122 openings per foot.

12 34* D.D. x 1/4" wall blank Cu-bearing casing
1/2" welded steel plate on bottom

to casing every 60 feet from bottom to surface

Monterey Sand Co., Monterey, supplier

Cementing Data

with

1560 sacks of treated cement, @-882°, supplied and cemented by Majors
Cementing Co., Inc., oil well cementers, Bakersfield.

Results of 48 Hour Pump Jest (December 6-7, 1976)

Specific capacity 12.5 gpm per foot of drawndown.

18 feet in 30 minutes.

Pumping Level
137
159
164°

196!

Final Water Temperature 90" F

14

At 196 feet, recovery to
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Pump Test No. 2 July Z, 1973

Conducted by: Monterey County Testing Service, Salinas, CA.

Static Water Level = 4.9
Pumping Water Level = 136. @
Prawdown = 132. 9
Capacity gpm = 2152.9
Yield of Well gpm/ft. D.D. 16.@

This test, performed 2.5 years after Test No.
specific capacity from 12.5 to 16.@ gpm/foot DD.

1, showed an

Final Rosen Sand Test 6.3 ppm

14/2/6L1 EC CL NO3

1976 830 146 1/40. 82
1977 - - -

1978 ace 146 -

1979 820 140 2.9
1980 835 146 1.6
1981 840 158 1.7
1982 ase 152 -

1983 875 = -

See Appendix for complete 1976 Ruality Rnalysis

increase

in



SUMMARY OF SIDEWALL CORE ANALYSIS
Average
Permeability
No. of Cores Average Porosity {millidarcies)
Upper Member ] 33% 440
Middle Member 19 34% 57@
Lower Member 12 35% 1628
ummary of Porosities from
Compensated Density Log
Upper Member 34%
Middle Member 34-36%
Lower Member 36X-42%, ave 37%
Summary of Brain Size Measurements
Upper Member Mostly silty Exception, 886-896 = ,018
Middle Member 025 - 818
4 Lower Member .e1e - .e28

16



Depth in Feet No. of Feet Lithelony

?-6 ) Top Soil

6-15 S Blue Sandy Clay

15-32 17 Fine Blue Sand

32-60 28 Blue Clay with Sea Shells
&8-75 15 Blue soft sand

75-1082 25 Blue Clay

ig2-132 30 7¢% sand, 30% blue tlay,

shell fraps
£0% med-grained sand

132-190 =) Coarse pgrained sand, pea
gravel. Felspar chert gtz,

shale interbedded with blue

pal

clay
190-203 12 Blue Clay
203-220 17 travel A. A. with shell frags
220-2490 ce Gravel
240-280 49 Pea Gravel, Sand and Clay
{1e%)
/" 280-3@5 23 Dk Grey clay;
L 3@85-320 15 Bravel streaks interbedded
I with blue clay
320-335 15 Eravel
335-343 2] Tan Silty Clay
343-360 17 Bravel
360-412 =¥24 Yellow and blue clay with
think streaks of gravel
412-480 &8 Bravel, few thin clay streaks
450-520 40 Blue and yellow clay,
minor gravel
520-970 1) Bravel with Streaks of Clay,
shell frags
578-535 25 Sand, Clay, coarse gtz and chert
sand, some granitic frags sand
and clay
595-68 10 Yellow clay
60R-618 18 Fine red silty sandstone
€18-7c@ 192 A, A. w/red siltstone,
minor pgravel
NOTE:
£eo-280 _ 18@* RAgquifer
29e-360 Lower 180 Foot Rquifer
410-4B8 Upper 499" Aquifer
S208-570 Lower 400' Agquifer
676-724 Salty sand
724 Base of Aromas Red Sands &—

17
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T724-784
784-T794
794-B86
E886-896
B96-996
g996—-102@
1g2e-1e72
1e72-1886
1266-1094
1094-1102
1iez~-18
1118-1150

115e-1192
11892-12@35
1285-1285
1285-1296
1296-1320
1320-1332
1332-1348
1348-1355
1355-1418
1410-1438
1438-1495
1495-1505
15e5-1560
1560-1630

163@-1645

1645-1660

1660-~1675

1675-1690

1690-17@5

17@5-1720

1720-335

1735-50

1750-1765

1e
92
1e
108
24
o2
14

16
32

42
13
8o
11
24
i2
16

59
ct
o7
19

o5
79

15

15

15

15

15

15

15

15

15

18

Eravel and clay streaks
Coarse gravel

Clay and gravel streaks

Sand, loose

Silty, clayey sand

Clay

Sand

Clay

Sand

Clay

Sand

Clay, yellow, and dark gray,
silty

Sand and pea gravel

Clay, shell fraps

Sand

Clay

Sand Streaks

Clay

Sand

Clay

Sand

Clay, shell fraps

Sand, shell frags

Clay

Sand

Sand, pebbly, abund. white
gqtz. grains, minor cemented
biotitic sand, few crs granitic
frags -

Clay, claystone, silt S@x

S50% fine-crse sand and silt
Siltstone, gray brown to
medium gray, sandy 4@0% fine to
medium grained sand and 1t gy
silt, 8%, few cemented ss chips
Increase in fine cemented

gray ss chips, biotitic

Clay, soft, plastic, dark
gray 7@%, yellow-brown
claystone 30%

Sandy silt, mushy, 95%
Sandstone med, grey, fine-med.,
well sorted, silty, friable
Sandstong a.a. and 5@% loose
fine to coarse grey sand,
botitic, rounded to subangular
Sand, light gray, very fire to
coarse, poorly sorted, silty
biotitic

Cemented fine ss, silty
claytstone and sandy siltstone,



wedium prey
1765-1809%9 b Siltstone and claystone, brown
gray, fish scales, silt and clay

Interval Net Hand Remarks

Upper 740-88@ 43 1@ think streaks
885-896 1 Bood
S19-1000 90 Fine, silty

Middle 1820-1072 oe Fair
1085~-1094 9 Fair
1182-1118 16 Fair
1150-1192 49 Fair
1206-1244 38 Fine & silty
1252-1284 32 Fair
1298-1318 16 Silty
1332-1343 11 Silty

Lower 1376~1408 32 Good

4 1440-1490 59 Bood
¢ 151@-1560 50 Bood, Clean

491 Total Sand

Note: Final Sand County used in Isopach Map (Plate 3) is 378 feet.

13
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Seven wells along the coastal area have been perforated exclusively in the Deep
lone. These are wells A through 6, shown on Table 7 and on Plate 4, They cover an
area of 132.5 sguare miles (9 x 1.5) between Moss Landing and Marina.

Castroville Irrigation Report Well E (145/2E/BL1)

lowermost portion of the Deep IZone. The top performations at B8P feet are nearly 30@
feet below the base of the 408 foot aquifer, and the lowermost perforations at 1568
feet are near the base of the fresh water bearing strata.

The Flood Control Well, is the first well to produce groundwater from the

The water from this well is Class 1 water. Water quality since 1976 has
essentially remained constant. It has been used to irrigate 57@ acres of artichokes

for the past five years, beginning in 1572 (see Table 7).

—

Well C, P. G. & E. well, was completed in the interval 1220-159@ at an initial
pumping rate of 1950 at 300 feet. The well was artesian at its inception. It soon
became apparent that the guality of the water in this well was different than the
County well (6L1) and not as satisfactory. Chloride, adjusted SAR and TDS were found
to be higher. It was also discovered that the chloride was higher at S62 gpm
(342 ppm} than at 2000 gpm (218 ppm). This appears to indicate that a higher
withdrawal rate may bring fresher water into the well.

Well D, Monterey Dunes South Well, is a recompleted domestic well locate din the
coastal sand dunes. Driginally drilled to 687 feet in 1972 with perforations fors
396 to 648, the well developed salt water intrusion. For economic and political
reasons, the decision was made to re-enter the well, drill through the Deep Zone,
cement off the shallow interval and perforate the Deep Zone. This was done in 1976.

Quality in the deepened well rose gradually from 156 ppm C1 & 838 ppm T05 in
1977 to 270 ppm CE by the end of 1989. Since then, it has leveled off at 292 ppm CE
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The high sodium level in wells 1903 and 6L1, as shown in Table 7, prompted Flood
Contrcl, in 1982, to authorize a study of the potential long-term effects of soidiuwm
on the Castroville soils (Reference 2). The adjusted SAR of 20.3 in 1903 and 12.4 in
&L1 exceed the U. S. D. R. "Severe Problem" value of 12X (Tables 1 and 2 of Reference

2.

Soils were analyzed and found to have slow internal drainage. The natural water
table is 3 to S feet from the surface. The conclusion of the report was that no
apparent damage had as yet been observed in the soils; nevertheless, the abnormally
high adjusted SAR supgests a long-term potential hazard.

Recommendations of the Report:

1} Establish a 1@-year bi-annual monitoring program for sampling and analysis
for both water and soilsj

) Encourage tile drainage system installations; and

Ky No s0il and/or water amendments are recommended for the County well {(6L1),
whereas, the additional gypsum has been recommended for 19G3. Since gypsum
was already being applied to this land, the recommendation required no
additional expense to the owner.

The quality differences in these two wells may be reflected in the individual
completion procedure of each well, well 6L1 was perforated from 880 to 156@, and
well 1903 was from 1228-1550. This leads to the speculation that the water above
1228 (88@-1220) has less Na and less Cl than the lower waters. The recommendation
herein is, in future wells, to begin perforations at a higher level than at 1240 in
order to achieve a more balanced water quality.
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TABLE 7

Table 2. Water fAnalysis of Well ND. T14S/R2E-6L1
County Deep Well - 900 Aguifer With Initial Tests in 1976.
Used for Irrigation of 578 Acres of Artichokes 1979, 1988,

' ant 1981 Cropping Seasons
HED
ECw Na Ca Mo 3 adj. ct
Year mmhos/cm meq/L weq/L meq/L  meq/L SAR pH meq/L
e/ 1976 B. 825 6.6 @.55 9,390 ——3.48 ._12.5 B.4.__ 4.2
1/ 1973 @. 820 6.7 2. 62 e.26 3. 36 12.4 8.1 4,8
1/ 1980 @. 835 -— — - -— - —_—
3/
1/ 1981 0. 842 7.1 0. 84 2. 30 3.11 12.3 B.4 4,2
" Average ©.830 6.8 @.67 .29 3.32 12,4 8.3 4.1
8/ 1982 @. 850 6. 22 2.85 8.25 3.20 18.93 8.3 4.29
7 5/ 1983 @. 875 €.39 0.76 .25 3. 20 11.53 8.3 4,23

WELL NO. T13S5/R2E~1903 Deep Well - 9@@' Aquifer With
Initial Tests in 1980 and Used For Irrigation in 1980 and 1981 Cropping Seasons

4/ 1980 1. 190 - .50 Q.41 4,02 - 8.2 S. 4
1/ 1981 1. 150 9.7 2. 49 0.26 3.883/ 26.7 8.2 6.9
S/ 1982 1. 150 8.96 0. 47 0. 33 3.99 18.43 8.2 B. 43
5/ 1983 1.380 11.40 1.36 2. 49 4. 00 20.20 8.2 8. 46

1/ Data from Monterey County Flood Control and Mdater Conservation District
Laboratory

2/ Tests of 12/22/76 - Soil Control Laboratory, Watsonville

3/ Estimated Value from alkalinity (CaCo ) by Berald E. Snow, Ph. D.
3

4/ Tests of 4/18/80 - Private Laboratory

( S/ Values provided by Berald E. Snow, Ph. D., MCFC & WCF, August 1983

NOTE This Table is adapted from Reference 2

z2
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Wells A, B, and F are perforated in the upper member and contain Class 1§
groundwater.

Well g (135/2E/24G), in the Prunedale Hills, has excellent quality. This well
pumped 45@ gmp from B2 feet of zone (about 58% sand) with a TDS of 205 ppm, C! 42 and
Na 32 ppmn.

HWell B (13S/2E/176) P. 6. & E. Plant at Moss Landing was abandoned because of

collapsed casing. The chloride was 147 ppm, and the TDS 6@2 ppm.

Well F (145/2E/18D) near Neponset. Perforated 666-834. The well was originally
drilled for use in Highway ! construction, to be used subsequently for irrigation,
During the well development, there was difficulty in pumping the well clean. After
several days of pumping mud and sand, the well was plunped back. Smaller perforated
casing was installed. When pumped, the volume was insufficient for irrigation, so
the well was shut in. There is every indication from this geological study to
believe that a well at this location could be developed satisfactorily from a

perforated interval similar to well &L1 (the Flood Control Well).

rina - Fort Ord East Barrison

11 B (145/2E/32E) City of Marina Well No. 10

—

Well 6 is the fourth well along the coast which is perforated in the lower
portion of the Deep Zone, and its quality is the best to date. The well was drilled
by the City of Marina to replace wells performated in the shallow zones (188 and 40@
foot aquifers) which, over the past several years have become progressivley intruded
by salt water. The Deep Zone ws regarded as the sole remaining potential source of
fresh groundwater for the City.

The well was drilled and completed in 1983. Testing in July and August revealed
excellent quality from 160 feet of perforations between 918 and 1520 feet. The
conductivity measured 542 and the chlorides 53.0 ppm.

—— i . i

Pell H (155/3E/28R), located along the River Road near Spreckels, is a
California Water Service Cowpany well perforated in the upper member of the Paso
Robles, with hiph volume and pood quality.
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Well 1 (155/4E/28J) is a nursery well on Potter Lane, south of Spence,
perforated £85-78, producing very good groundwater, The shallow sands in this area
are of poorer quality. The perforated interval is logged as “white sand” and is
regarded as Paso Robles formation underlying terrace and alluvial fan material.
These deeper sands appear to underlie the easterly portion of the fan areas all the
way to Soledad.

well J (Ti7S/RBE/28B) is a city of Soledad well, well perforations £40-650.
This well produces water of excellent guality. Shallow water in this area is over
1602 ppm TDS, Deeper sands, below the shallow alluvial deposits, appear to be
present east of a line between Scledad and Breenfield and are but sparingly used.
East of the town of Greenfield, all of the alluvial water is Class Il and Class III.
It abpears that better water in the Paso Robles formation may be present.

King City Rrea

East Side

Wells K (19/8/1BR) and L (19/8/33D1) are located on the mesa 1.5 miles northeast
of HKing City. In this area, the alluvial water to 300 feet is poor (1520-4000 ppm
TDS). Perforations in these two wells are below the alluvium, part bieng in the Paso
Robles formation and part in a fossiliferous Pliocene sand. Water quality is about
928 ppm TDS, considerably better than the overlying alluvial water. Well L was
drilled in 1952. MWell K, about 1 mile NE of L1 was drilled as a confirmation well to
tests the guality of the lower strata.

West Side

Well M (19/7/20A1) is perforated in the Paso Robles formation below a 282 foot
clay pod, herein called the “Cowles Clay". This clay pod extends for about 4 miles
NW-SE and § mile E~W. It grades into sand, pgravel, and clay along the Salinas River.

The Paso Robles is well developed beneath the clay and contains several hundred
feet of interbedded sands, gravels, and clays. Water guality of 20R1 is about 800
ppm TDS. - This quality has held since samples were first analyzed in 1959.

Alluvial water, for the most part, is good in the King City area, so the need
for better water is not as pressing as in some other areas. However, for areas where
shallow alluvial water is unsatisfactory, the deeper Paso Robles formation may offer
a viable alternative.



West Breenfield - Arroyo Seco Cone

Shallow alluvial water in the Arroyo Seco Cone is abundant and of excellent
quality for irrigation. Consequently, most of the wells are drilled to the base of
the alluvium, which is at about 300 feet. R few deeper wells perforate both the
alluvium and the urderlying Paso Robles formation and are consequently not included
in Table E.

The electric log of abandoned oil test well No. 17 (18S/6E/27) Plate 1, Table 1)
in the Arroyo Seco Cone shows gravels and boulders extending down to 900 feet, &0¢
feet below the base of the alluvium. Below this depth are interbedded sands, gravels
and clays. The base of the formation, for the purposes of this report is at about
1802 feet, below which point clay becomes predominant, althoug the water still
appears to be fresh. Indeed, o0il test Well No. 15 (Plate 1, Table 1) was stated by
the Operator to have fresh water to the top of basement at 1820 feet (-1568 feet).

Well N (Plate 4, Table 6) is a domestic well located at the eastern edpe of the
elevated fans (185/6E/18H, The driller's log indicates that the top of the Paso
Robles formation may be at 410 feet. No Salinas River alluvial material is present.

The perforations are form 360 to 620 feet. MWater guality is excellent.

Well P (Plate 4, Table 6) is a municipal well located in the northwest part of
Ereenfield (18S/6E/3LE) in the Arroyo Seco Cone. The well is perforated from 313 to
8632 and produces water of excellent quality. EC is 548, TDS 341 ppm, CL 21 ppm, Na
32 ppm and NO 5.3 ppn.

R careful check of water well logs in Flood Control files shows 14 wells withf
perforations solely in the Deep Aquifer. Half of these wells are west of Highway &8
and half scattered between Spreckels and King City. All fifteen show uniformly
acceptable water quality for their particular use. Three of the wells are for
wunicipal wuse, six for irrigation, two for industrial, and three for domestic
purposes. About thirty wells are perforated both in the alluvial and Paso Robles.

&5



TABLE 8 i

#Rbandoned - collapsed caisng

(S S ]

Domest ic

Irripation
Municipal
Industrial

26

DEEP ZONE WATER QUALITY FO WELLS
PERFORATED SDLELY IN DEEP ZONE
|
Plate & Year fnal.
Well & Drld. Date T/R/S Perf. Int. Ec Ci Na ND USE
3
A 1956 1983 13/2/2406 758-838 290 42 32 — D
B 1951 1973 13/2/17 696-912 BED 147 - - Ins
C 1986 1983 13/2/19Q 1220-1558 1150 24 224 - 1
D 1977 1983 13/1/36J 1298-1448 o1@ 182 17e — D
E 1976 1983 14/2/6L1 88@-1560 B840 15 164 —_ 1
F 1974 1974 14/2/18D E66—BE4 557 38.0 - - I
6 1983 1983 14/2/32E 91@-95@
979-99@ 540 53.0 - —_ |
. 18201260
A 11706-119@
1400-152¢
H 1980 1983 15/3/28R &£B0-730 Gee &c 42 - -
1 1980 1983 15/4/20J7 685-729 595 64 59 - In
J 1978 1983 17/6/28B &40~699 565 26.2 4.5 .3 M
K 1978 1983 19/8/18R 325-680 1178 ii6 44 2.0 1
L 1952 1576 19/8/33D1 7@3-88
725-94
&eg-27 1417 136 55% 9.9 I
] 1959 1983 19/7/20A1 456-976 1140 99 187.5 - 1
N 1979 1983 18/6/18H 260-628 585 2.9 ig.% — D
p 1978 1978 1B8/6/36E 313-863 540 2.0 32.2 5.3 K



GROUNDWATER IN STORAGE, AND USABLLE GROUNDWRTER IN STORRGE

s i T e S e e e HE A mmaem

In calculating the groundwater reserves for the Deep Zone, the st udy
area was broken up into six areas (Plate 4):

Area 1 Castroville Irrigation Project
Area 2 Prunedale Hills

Area 2 Springfield-Moro Cojo District
frea 4 Marina-Fort Ord East Barrison
frea 5 Central Valley and West Side
firea & East Side

These areas were planimetered to obtain surface area in acvres. The
total net thickness of sands and gravels wWas derived by a bed thickness
count of the sand and gravel beds on the electric logs. The alluvium,
alluvial fan material, and Aromas formations were excluded from the
calculations, as well as clay beds within the deep zone. An average
porosity value was assigned to each area for the purpose of calculating the
net volume of pore space. These figures are believed to be a realistic
balance between the porous gravels and coarse sands and the less porous
materials, such as silty sands, packed sands, cemented sands and gravels.

Area 1 Castroville Irrigation Project

This area is @ political area with a prescribed boundary. It is
hydrologically, and geolopgically, connected with Area 5, on the south, and
Area 3, on the north. The ground water in storage is 1,349,955 Ac. Ft.
This amount appears to be reasonably well substantiated by drilling data.

wEEELAE Emam o=

Usable pgroundwater for this area is difficult to determine due to the
proximity of Monterey Bay and the possibility of salt water intrusion being
commenced by over-—pumpane. In order to determine the safe yield in terms of
acre feet of annual pumpage, jt is necessary to know (1) the amount of
recharge for the area, (2) the approximate distance the fresh water—salt
water interface is from the wells, and (3) the present volume of pumpage.
It is felt that a review of the available pump tests of the four deep wells,
together with additional pump testing of the wells and the drilling,
testing, and monitoring of, as yet unspecified and unlocated test well(s),
may furnish valuable information on the possibility of salt water intrusion
into the deep zong. Until further testing and analyzing are dona, the
problem of affixing an amount for safe yield in the coastal. area is

deferred.

27



The amount of groundwater in place in the Paso Robles Formation is
caleulated at 298,000 acre feet. Most of these reserves &are along the
southerly arnd westerly borders. The Paso Robles sands tend to be
thinbedded. They occur no deeper than a thousand feet. (See Plate 7,
Cross-Section J-J). The usable groundwater is 29,800 acre feet, using &
figure of 10% for specific yield.

Afrea 3 Springfield-Moro Cojo District

This area lies between the Bay and Elkhorn Slough, and from the Pajaro
River south to Moss Landing. It is about 1@ miles long and 2.5 miles wide
and appears to contain good possibilities for production from the Deep lone,
as shown on Plate 6. The area is thought to be enterly underlain by the
Deep Zone. Three deep abandoned oil test wells (wellis 1, 35, 7 Plate |,
Table 1) logped sands and gravel down to a depth of over 1500 feet. The
quality and well capacities are, of course, untested. The groundwater in
place is calculated at 1,652,805 acre feet. o

oy

Usable Eroundwater

Since no water quality data from the Deep Ione is available from any
well in the area, the amount of usable groundwater is unknNown. At some
point in time a well must be drilled to the base of the zone and tested for
quality and quantity. It is obvious that the guantity of usable groundwater
can be substantialj however, the quality must be determined.

The peeclogic structure in Area 3 is shown to be synclinal in a north-
south direction (see Plate 2 and Plate 8). However, additional data may
wodify this interpretation. 1f the structure is synclinal, a shown, the
chance of finding fresh water would appear to be good, as the adjoining
anticlincal fold to the west may act as a possible deterrent to salt water
intrusion.

A test to the base of the Deep Zone herein recommended to be drilled
and tested at a location in the vicinity of Dil Test Well No. 1 (Plate 1,
Table 1) in T12S/R2E/Section 29. The location of this abandoned oil test
well is 5002 feet from the Bay and 5000 feet from Elkhorn Slough.

firea 4 Fort Ord - East Barrison

|'( The recently completed City of Marina well No. 18 (145/2E/32E) adjoins

Fort Ord near the southeasterly corner of the city. This well was completed
in the Deep Zone (160 feet of perforations, %0p 912, base 1528). On a 24—
hour pump test on fAugust 6, the well produced 1550 gpm with a drawdown of
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122 feet. Water gquality is 378 ppm TDS and 53 ppm chloride, the best
quality in the Deep Zone to date.

Dn the basis of this well, it is fair to speculate that the Deep Zome
is a viable potential source of Class 1 groundwater along the northerly and
northwesterly edges of Fort Drd. The southerly and westerly limits of
viable production is unknown.

Broundwater in storage for Area 4 is calculated at 1, 452, 800 acre feet.

The amount of usable groundwater in Area 4 is not known at the present
time, although one would suspect that the excellent quality of the water,
the sjizable thickness of the sands and gravels, and the fact that the
location of the well is 10,008 feet from the shoreline, would allow an
optimistic estimate for this amount.

The pumping test of the Marina City Well No. 1@ shows that the Deep
Zone is under pressure, as the standing water level was found to be at 154
feet, with the perforations spaced between 920 and 1520 feet. The drilling
and testing of a Deep Zone test hole near the Bay, and long-term monitoring
of the present well, appear to be required in order to assign reasonable
figures for usable groundwater and safe yield.

The amount of recharpe into this area is believed to come from two
sources: {1 percolation of rainfall through surface outcrops in the
southerly portion of Fort Ord, and (2) subsurface mitigation within the Deep
Zone from the southeast along the west side of the Salinas Valley
groundwater basin. The excellent quality of the groundwater in the Marina
well suggests that recharge from one or both of these sources is responsible

for the good quality.

This area, without guestion, contains the preatest amount of
groundwater in storage, partly because the area is the largest, partly
because the total sand and gravel count is thicker, and partly because the
geologic structure appears favorable for the occurrence of a continuous
thick section of Paso Robles between King City and Monterey Bay.

Although there is no deep well data between the Marihart 0il test well
{155/4E/31, Number 12 of Plate 1, Table 1) and wells 15 and 16 in T18S/R6E,
a distance of 20.5 miles, the regional surface and subsurface geology, in
conjunctionw’ ith the position and configuration of tha valley synclire
paralleling the Sierra de Salinas (Figure ) compels this writer to extend
the Paso Robles along this synclinal axis between the Bay and King City.
Dil test wells 13, 18, 19, 21, and 29 each contain some S@@ feet of net sand
and gravel along the trend of the synclinal axis.
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The amount of estimated usable groundwater is 3,618,615 acre ‘feet.
This is based on a specific yield factor of 22%, which is felt to be a
viable balance betwene the boulder and sand content.

The above estimate is open to argument because of the unknowns inherent
in the area, mnamely (1) pausity of test data in the southerly portion,
(&) 1lack of drilling and testing data between wells 13 and 15 {(Plate 1,
Table 1), as a distance of 28.35 miles.

Dffsetting this lack of information are several positive conclusions on
the regional geologic structure and sand thickness {Plates 2 and 3) and the
water guality data from wells in the Deep Zone (Plate 4, Table 6€).

Area & East Side
#

The East Side contains alluvial fan deposits down to 800 feet. Most of
these deposits are red and/or brown, think beeded, alternating deposits of
clays, sand, sandy clay, gravel, and gravelly clay, About 75 irrigation
wells are operating in this long strip.

Wells drilled within 1.5 miles of the mountainfront generally drill to
basement. Farther west, however, the basement surface is lower, and it is
this strip that appears to have some undrilled Deep Zone possibilities in
Paso Robles sediments which underlie the fan deposits. Depth to the top of
these sediments vary from 7860 to 900 feet. The thickness of these Paso
Roblesis estimated to be as much as three feet to four hundred feet. It
ceems reasonable to assume that the percentage of coarse materials will
increase towards the west.

fin amount of 332,800 acre feet of pgroundwater in storage and 49,928
acre feet of usable groundwater are calculated for this long, narrow strip.

It would seem that deeper drilling might prove up more reserves from the
lower strata.

—— e T o e S . S . e e
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TABLE

Estimated Amount of Groundwater in Storage
and Useable Broundwater in Storape in Deep Rguifer

Surface Sasxggted Broundwater &pec. Usable
Area Thickness Porosity In Storage Yield Broundwater

Area {Acres) In Feet * (Acre Feet) p (Acre Feet)

1 11,610 350 « 33 1,342,935

= 14,900 100 .20 298, 000 .10 29, 808

3 14,319 350 .33 1,652, 885

4 17,600 250 .33 1, 452,808

] 187,980 350 25 16, 448,250 .22 3,618,615

& 16,640 100 .20 332,800 .15 49, S2@

21,525,610 Ac. Ft. 4,615,416 Pc.Ft.

~~
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DEEP ZDNE RECHARBE

p— 24—t 1

The principal sources of recharge into the Deep Zone, as shown on Plate
4R, are as follows:

1. The southwest flank of the basin between Monterey Bay and San Ardo.

2. The western flank of the Babilan Range between Prunedale Hills and
San Ardo.

3, Subsurface recharge into the Paso Robles from stream flow of the
Salinas River between San RArdo and Spreckels. -

Total recharge is estimated to be 65,500 acre feet per year, about one
third of this amount being provided by each source, as shown in Table .

The three sources have been subdivided into a total of 132 sub-areas.

Table 4 represents a prelimianry estimate of the amount of recharge
into the Deep Zone. Since no detailed studies have been made to date of
this particular source of groundwater recharge, the above figures are
considered preliminary.

Johnson, Table {Reference 22, Groundwater in North Monterey County)
on papge 42A states that “few guantitative data are available for the
preQRuaternary formations, which extend under the North County area;
therefore, no estimates of underground flow were made for these deposits®.

Durbin, et al (Reference 13, 1979, "Two Diwensional and Three
Dimensional Digital Flow made for the Salinas Valley Groundwater Basin,
California") outlines in detail the annual small stream recharge of 31,000
ascre feet into the Salinas River and 45000 acre feet of recharpge into
alluvial fans and terraces along both edges of the valley between the Bay
and San RArdo. In addition, six thousand acre feet are shown to enter the
system as direct recharge from precipitation: 5000 acre feet in the
Prunedale Hills through the Aromas sand and 100@ acre feet north of Marina
through a large sand dune deposit.

Durbins only reference to recharpe through subsurface inflow is 21009
acre feet from a large area of “clder warine rocks" on the east side of the
valley between King City and San Ardo. This area is the Babilan Mesa, which
is underlain by the Poncho Rico silts, claystones, and thin interbedded fine
sands.

The mesa tilts toward the Salinas River from Peachtree Valley at 4° to

the southwest in a broad monoclinal structure. It terminates along the
casterly edpe of the valley floor.
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Durbin's water balance is as follows:

Recharge
Balinas River 156,022 acre feet
Bmalil Streams 96, DOY
Pumpage Return 217, 008
Salt Water Intrusion 11,000
Recharge from Precipitation 6, 0ed " :
Subsurface Inflow 21,000 3§
j
S@7, 020 acre feet :
Discharpe
Pumpapge 482, 609
Evapo-transpiration 25, 602

507,800 acre feet

, The above water balance is concerned primarily with the shallow
& } and 482 foot aguifers,

Adyusting the above balance to include recharge intc the Deep
Zone will regquire the input of total recharge from all of the sources
mentioned at the beginning of the chapter, with a 1like amount of
outflow from the Pasoc Robles into the Monterey Bay.

Stream flow measurements taken by the Flood Control Office at
Bradley, Soledad, and Chualar during the years 1968-63 through 1977-78
provide a possible clue on potential recharge from flow measurements
of the BSalinas River during this time period. Data for unmeasured
stations has been extrapolated from rates of absorption between
measured stations.

Stream Flow Percolation Recharpe

Bradley -~ Soledad 121,24@ acre feet
*#Bradley - King City 76, 368
#King City - Greenfield 28, 2090
#Greenfield - Soledad 24,718

Soledad - Chualar 154, @60

Bradley — Chualar 273, 300

#From interpolation of length of stream channel and average
(‘ absorption per mile of channel.

Streambed absorption during this 1@-year period compares j
favorably with averages occurring since construction of the dams. It |
is, therefore, considered reliable for long-term evaluation, in the
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,inion of MCFC.

Plate 47 shows (1) the sources which contribute recharge into the
Deep Zone, and (2) the direction of groundwater flow. Recharge from
the flanks of the basin migrates down intc the subsurface of the
valley floor. Recharge from the Salinas River into the Paso Robles
begins near San Ardo and continues along the curve of the river to as
far north as Spreckels. This recharge is pictured as percolating
downward into the Paso Robles and migrating northwards towards the Bay
through an area which extends east-west from near the base of -the
Sierra de Salinas eastward to a somewhat sinuous line roughtly
paralleling Highway 101, about one to two miles to the east. The
location of this line has been drawn from deep well data. The
westerly portion of Prunedale Hills and the Springfield-Moro Cojo
Dsitrict are shown to receive part .of this recharge. The portion of
the Salinas River which is most likely to provide recharge to the Paso
Robles sands and gravels lies between San Ardo and Soledad, where the
sediments lay directly below the shallow alluvial pravels. Recharge
from the Arroyc Seco Cone is probably because of the presence of

 coarse Paso Robles sediments directly beneath the shallow alluvial

,ravels.
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Area

h

List of Sources of Recharge for each Groundwater Storage Area

cIrep

Prunedale Hills

Springfield-
Moro Cojo

H

Marina-Fort Ord
East Barrison

Central Valley
and West Side

East Side

Source of Recharge (Plate 4R) Recharge Sub—firea

b.

al
b.
c.

ae

Ce.

bl‘

e

TABLE 9

Subsurface inflow thru
Gtp from southeast and
east

eastern hills
subsurface inflow
probable inflow from
Carneris River

subsurface inflow
from east
subsurface inflow
from southeast

direct rianfall
recharge from south
subsurface inflow
from southeast

percelation and runoff
from Sierra de Sainas

rainfall recharge on
tp outcrop
percolation from
Salinas River
probable recharge from
irrigation returns

Runoff and subsurface
percolation thru
alluvial fans from
Babilan Range
subsurface inflow from

southeast alonp westerly

margin
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R10-13, R-3, R-7

R-5
R-10-13
R-&
Rt
f-10-13

R3

RS I

R10-13, R-3

R~4

R-1, 2, 8, 9
R1Q, 11, 12, 13

R-3

R-10-13, R-3
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