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DR. JOHUN F. MANN, JR.

DR. JOHN F. MANM, JR., who with his staff conducted the
extensive research into ground water resources of the District
and prepared the report titied, ”"A PLAN FOR GROUND WATER HANAGEMENT”,
is eminently qualified for this assignment.

The report represents almost two years of intensive research
and is the most comprehensive study of water resources and ground
water hydrology in the District to date.

A consulting geologist specializing in problems of under-
ground water, Dr, idann is widely recognized as one of the leading
authorities in his field. He is a graduate of the Colorado School
of ilines. His graduate work was taken at the University of

Southern California where he won his Master of Science Degree and
later his Ph.D.

Dr. idlann has completed numerous important assignments includ-
ing a study of the marine geology of Bikini Atoll prior to the
Bikini bomb tests there. He also conducted research and field experi-
mentation on resistive methods with the lllinois State Geological
Survey in the Division of Ground Water Geology and Geophysical
Exploration.

He has served as Associate Professor of Geology and acting
department head at the University of Southern California.

A Fellow of the Geological! Society of America, Dr. Mann is
also Vice-President of the National Water Well Association and a
member of the American Geological Union, where he has served on the
Ground Water Research Committee since 1955. He was. listed in
American Men of Science in 1956,

Dr. Mann is the author of many pub!ications dealing with
ground water which are recognized as authoritative treatises on
the subject.

His experience with the conditions and problems of the
Santa Clara Valley and the Oxnard Plain dates from 1948 when he
assisted with the U. S. Geological Survey of the Oxnard Plain.

The Board of Directors and staff of United Water Conservation
District feel that the District and the people of the area are most
fortunate to have had the services of such a well gqualified authority
as Dr. ilann to conduct this study and prepare this report.
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JOHN F MANN, JR. AND ASSOCIATES
CONSULTING GROUNDWATER GEOLOGISTS
945 REPOSADO DRIVE

LA HABRA, CALIFORNIA TELEPHONE
OWEeEN 7-9604

SerTEMBER 1, 1959

Boaro oF DiIRECTORS

UNiTED WATER ConsERvaTION DisSTRICT : )
33% WesTt HarvARD STREET

SaNTa Paura, CaLIFoORNTA

Dear Sirs:

ATTACHED IS MY REPORT ON THE GROUND WATER RESOURGES OF THE DISTRICT
AS AUTHORIZED BY OUR LETTER AGREEMENT DATED OcT0BER 29, 1957 WHICH WAS
APPROVED AND aAccePTED DecemBer 10, 1957.

[N THIsS REPORT | HAVE PRESENTED A DETAILED DESCRIPTION OF THE GROUND
WATER HYDROLOGY, AND WATER QUALITY PROBLEMS OF THE DISTRICT. UsSING THIS
COMPREHMENS[VE FACTUAL BACKGROUND A PLAN IS PROPOSED FOR THE EFFECTIVE
UTiLizZATION OF THE DISTRICT'S GROUND WATER RESOURCES.,

| WOULD LIKE TO ACKNOWLEDGE ESPECIALLY THE EXCELLENT COOPERATION OF
Mre PRiICE, MR. WILDE AND THE STAFF OF THE DISTRICT IN THE PREPARATION
OF THIS REPORT AND THE MANY COURTESIES RENDERED TO'ME AND TO MY RESIDENT

GeoLoGcisT, BURT A. BaBcock.

VERY TRULY YOURS,

WMZ%W{/, /
JoHn Fa. Mann, JR.
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SUMMARY

1. THE WATER RESOURCES OF THE UNITED WATER CONSERVATION DISTRICT ARE
ADEQUATE TO SUPPLY ALL OF THE DISTRICT'S NEEDS UNTIL FEATHER RIVER

WATER IS MADE AVA!LABLE.,

2. FOR MAXIMUM FLEXIBILITY IN THE OPERATION OF THE PROPOSED PLAN, IT
IS RECOMMENDED THAT EVERY EFFORT BE MADE TO HAVE THE IMPORTED SUPPLE-

MENTAL SUPPLIES DELIVERED FOR STORAGE BEHIND SaANTA FerLicia DaM.

3+ THE MAJOR GROUND WATER PROBLEMS OF THE DISTRICT ARE THE FOLLOWING:
(A) EX1STING AND FUTURE OVERDRAFTS ON THE GOASTAL PLAIN;

(8) ADVERSE SALT BALANCE IN THE FILLMORE AND SANTA PAULA BASINS
AND, TO A LESSER EXTENT, IN THE PIRU Basing

(C) HiGH WATER TABLES AT THE LOWER ENDS OF THE UPSTREAM BASINS,.

4- THE PROPOSED PLAN OF GROUND WATER MANAGEMENT I NCORPORATES THE FOLLOWING

FEATURES:

(A) A MAIN PIPELINE DOWN THE SANTA CLARA RIVER VALLEY FROM
SanTa Fericia Dam 10 THE MONTALVO BaSinNg

(B) A SURFACE STORAGE RESERVOIR ON SeEsPE CREEK FOR THE DEVELOPMENT
OF ADDITIONAL ECONOMICAL SAFE YIELD;

(c) SALT=-BALANCE PUMPING IN THE LOWER ENDS OF THE FILLMORE AND
SaNTAa PauLa BASINS AND EXPORT THROUGH THE MAIN PIPELINE;

(D) USING BYPASSED RESERVOIR RELEASES AND SALT~BALANCE PUMPING
AS A MEANS OF CONTROLLING HIGH WATER TABLES;

(E) DIRECT DELIVERY OF HIGH QUALITY RESERVOIR RELEASES FOR
RELIEF OF LOCAL QUALITY PROBLEMS IN THE UPSTREAM BASINS;

(F) DELIVERY OF SALT-BALANCE WATER TO MoNTALVO BASiIN FOR SPREADING
OR DIRECT DEL!VERIES; QUALITY UPGRADING |F NECESSARY WI!TH
RESERVOIR RELEASES];

() EXPANSION OF DISTRIBUTION FACILITIES ON THE OXNARD PLAIN;

(H) REDUCING PUMPING DRAFT ON THE OXNARD AQUIFER BY SUPPLYING
COASTAL DEMANDS FROM UPSTREAM SOURGCES AND SHALLOW PUMPAGE
IN MONTALVO BASIN; SUPPLEMENTING THIS SUPPLY WITH MODEST
WITHDRAWAL FROM EXTENSI|VE FRESH-WATER RESERVES IN THE Fox
CANYON AQUIFER IN MONTALVO BASsiN.
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CHAPTER 1
INTRODUCTION

THE UNITED WATER CONSERVATION DISTRICT

TBE”UN[TED wATER CONSERVATION.DISTRICT 1S ENTIRELY WITHIN VENTURA
CounTy AND INCLUDES (1) THE VALLEY OF THE SANTA CLARA RIVER ALMOST TO THE
Los AneceLEs CounTy LiNE, AND (2) ESSENTIALLY ALL OF THE COASTAL PLAIN
(PLAaTE 2). THE DISTRICT WAS ORGANIZED I[N DECEMBER 1950 UNDER THE WATER
ConservaTioN DisTRICT AcT oF 1931, STATE oF CALIFORNIA, AS AMENDED. IT

SUCCEEDED AN EARLIER DISTRICT, THE SANTA CLARA WATER CONSERVATION DISTRICT,

WHICH HAD BEEN SET UP IN DeEcemMper 1927, THE EARLIER DISTRICT OPERATED

SPREADING GROUNDS AT SATICOY, SanTa PauLa, AND PIRU AND ENGAGED IN OTHER
EXPERIMENTAL SPREADING ACTIVIT!ES., DurRING THE 25 YEARS OF EXISTENCE UNDER
THE ABLE GUIDANCE OF ITS ENGINEER, V. M. FREEMAN, MORE THAN 400,000 acre=-
FEET OF WATER WEREvRECHARGED TG THE UNDERGROUND==WATER THAT WOULD OTHER=-
WISE HAVE WASTED TO THE OCEANs THE SANTA CLARA DISTRICT ALSO COLLECTED

A LARGE AMOUNT OF HYDROLOGIC DATA, ESPECIALLY WITH REGARD TO AREAS OF
SEA~WATER INTRUSION,

THE ACTIVITIES OF THE SANTA CLARA DISTRICT WERE FINANCED OY TAX
ASSESSMENTS ON FARM LANDS (AND THEIR IMPROVEMENTS) WITHIN ITS DOUNDARIESs
As THE AREA DEVELOPED, IT BECAME APPARENT THAT THE WATER PROBLEMS COULD
NOT DE SOLVED WITH A DISTRICT OF SUCH LIMITED POWERS. FOR EXAMPLE, THE
DISTRICT COULD NOT [SSUE BONDS FOR THE CONSTRUCTION OF STORAGE WORKS.
FURTHERMORE, THE METHOD OF TAXATION WAS NOT REALISTIC; WHEREAS THE CON=
SERVATION MEASURES DENEFITED BOTH URBAN AND FARM AREAS, ONLY THE FARM
LANDS WERE TAXED., BECAUSE OF THESE DEFICIENCIES, THE UNITED WATER

CONSERVATION DISTRICT WAS FORMEDS, THE SANTA CLARA DISTRICT PASSED OUT OF

EXISTENCE .IN 1953 BY AN ACT OF THE STATE LEGISLATURE.

SHORTLY AFTER IT WAS ORGANIZED, DETAILED STUDIES OF THE UNITED
DisTrRICT'S WATER PROBLEMS WERE COMMENCED UNDER THE DIRECTION OF JULIAN
Hinosy, GENERAL MaNAGER AND CHIEF ENGINEER, AND A REPORT WAS COMPLETED I[N
THE FaLL oF 1952 RecoMMENDING THaT ToepaTora Dam, SanTa FeLtcia Dam, AND
DIVERSION AND CONSERVATION WORKS DOWNSTREAM ON THE SANTA CLARA RIVER BE
CONSTRUCTED AT A cosT ofF $18,500,000. IN THE ELECTION oF Decemper 16, 1952,

THE BOND PROPOSAL FAILEDVTO PASS.V A SECOND REPORT IN SEPTEMBER 1953

=1
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REGOMMENDED SANTA FeLicta DAM AND LOWER RIVER FAGILITIES, TO COST

$10,939,000. THE LATTER PROPOSAL FOR A OOND ISSUE WAS PASSED IN THE

ELECTION oOF OCTODER 17, 1953, AND CONSTRUCTION WAS COMPLETED DURING 1955.

IN 1957, UN(TED s APPL(CATION FOR A PERMIT TO STORE WATER AT
THE TOPATOPA SITE WAS PROTESTED OY THE CaLLEGuUAS MuniciPAL WaTER DISTRICT,
WHICH ALSO WANTED TO BUILD A DAM AT THIS SITE AND CONVEY THE WATER OUT
OF THE WATERSHED FOR USE ON LANDS IN-EASTERN VENTURA CounNTye IN DeEciston
D-88L4 paTeo January 17, 1958 TuEe STATE WATER RiGHTS BOARD GRANTED THE
PERMIT FOR STORAGE AT THE TOPATOPA SITE TO THE CaLLEGuUas MuNiciPaL WATER
DisTRICTs UNITED IS CURRENTLY APPEALING THE DECISION UNDER A WRIT OF
MANDAMUS

PREVIOUS MAJOR INVESTIGATIONS

DETAILED WATER RESOURCE STUDIES IN VENTURA COUNTY STARTED IN
1927. IN AUGUST OF THAT YEAR FIELD WORK WAS STARTED BY THE STATE DIVvisioN
oF WATER RESOURCES LEADING IN 1933 To THE PUGLICATION OoF BuLLETIN 46
(ReFerence 10, sSeE BIOLIOGRAPHY), FOLLOWING THE COMPLETION OF BULLETIN
L6, THE COLLECTION OF BASIC HYDROLOGIC DATA WAS FORTUNATELY CONTINUED DY
THE NEWLY FORMED VENTURA CouNTY WATER SURVEYs« THESE VOLUMINOUS, CONTINUOUS
RECORDS OF THE VENTURA CoOUNTY WATER SURVEY HAVE PROVED OF {NVALUAGLE HELP
IN ALL SUDBSEQUENT STUDIES.

THERE WERE NO COMPREHENSIVE WATER RESOURCE STUDIES OF THE SANTA
CLARA RIVER SYSTEM DURING THE LATE THIRTIES OR EARLY FORTIES. WITH THE
ONSET OF DROUGHT, HOWEVER, AND THE RENEWED POSSIBILITY OF SEA=WATER [N=
TRUSTON, CAME INCREASED CONCERN OVER WATER SUPPLIES., HaRoOLD CONKLING,
ConsuLTING ENGINEER, WAS RETAINED BY THE SANTA CLARA WATER CONSERVATION
DiSTRICT, AND THE REPORT ON THIS [NVESTIGATION WAS COMPLETED IN 1947
(ReFereNCE 25)., HE waS LATER RETAINED 0Y THE VENTURA COUNTY FLooD CONTROL
DiSTRICT; THE SEGOND REPORT WAS COMPLETED IN 1949 (Rer. 26). CompPRE=-
HENSIVE HYDROLOGIC STUDIES WERE MADE BY THE STAFF OF THE UNITED WATER
ConservAaTION DISTRICT DURING 1951-53 UNDER THE DIRECTION OF JuLlaN HiNDs,
THEN GENERAL MANAGER AND CHIEF ENGINEER OF THE DiSTRICTe THESE STUDIES
WERE SUMMARIZED IN WHAT WILL BE CALLED HEREIN THE WILDE-LONG REPORT
(REF. 68). DURING THE SAME PERIOD THE STATE DivisioN OF WATER RESOURCES

WAS PREPARING BULLETIN 12, WHICH WAS COMPLETED IN OcToBER 1953 aND REVISED



iN APrIL 1956 (ReEF. 23). REVISIONS AND UPDATING OF UNITED'S INVENTORY
METHGDS WERE MADE PRIMARI{LY BY Ray Y. KAWANO, AND THE REPORT DATED APRIL
1956 wiLL OE REFERRED TO HEREIN AS THE Kawano ReporT (RerF. L43),

THE OxNARD PLAIN PORTION OF THE DISTRICT, éSPEClALLY, WAS STUDIED
oy THE U, S. BUREAU OF RECLAMATIGN STARTING IN 1954, RESULTING IN A
RECONNAISSANCE REPORT DATED JUNE 1955 (ReF. 4), A MORE DETAILED STUDY

FOLLOWED, LEADING TO A PROPOSED REPORT DATED May 1958 (ReF. 5). THE LATTER

REPORT WAS RELEASED FOR OFF!C!{AL REVIEW ONLY, AND HAS NOT YET BEEN APPROVEDs

OBJECTIVES OF PRESENT INVESTIGATION

THE PRESENT INVESTIGATION FOLLOWS A NUMBER OF EXCELLENT, DETAILED
STUDIES, ALL OF WHICH DEPENDED, TO A LARGE EXTENT, UPON THE SAME DASIGC
GATA. UNDER THESE CONDITIONS, GLAIMS TO ORIGINALITY ARE NECESSARILY
LIMITEDoe THE OVERALL OBJECTIVE-—-GROUND WATER MANAGEMENT~=1S PERHAPS
DIFFERENTs SPECIFIGCALLY, THE PRESENT STUDY HAS INVOLVED THE FOLLOWINGS?

(1) A REFINEMENT OF THE GROUND WATER GEOLOGY OF THE DisTriCT,

IN ORDER TO ANALYZE THE INFLUENGE OF THE GEOLOGIC COM=
PLEXITIES ON GROUND WATER MANAGEMENT}

(2) A RE=CALCULATION OF THE DISTRICT'S GROUND WATER INVENTORIES
ON THE DASIS OF THE REFINED GEOLOGIC FRAMEWORK]

(3) A DETAILEC STUDY OF GROUND WATER QUALITY TO SPELL OUT THE
INFLUENCE OF POOR QUALITY WATERS ON CONTINUED éROUND WATER
DEVELOPMENT

(4) A DESCRIPTION OF THE CURRENT STATUS OF SEA=WATER INTRUSION,
AND THE DEVELOPMENT OF A GENERAL PLAN FOR COMBATING [Ta

GENERAL DESCRIPTION OF DISTRICT
TOPOGRAFPHY AND DRAINAGE

THE SANTA CLARA RiVER RisEs IN Los ANGELES COUNTY FAR TO THE
EAST OF THE DISTRICT AND FLOWS WESTERLY TO THE PaciFic OCEANe THE DRAIN=-
AGE AREA ADOVE ITS MOUTH, WHICH IS ABOUT THREE MILES SOUTH OoF THE CITY OF
VENTURA, IS 1605 'SQUARE MILES. FELEVATIONS WITHIN THE DRAINAGE DASIN RANGE
up To 8826 FeeT AT MounNT Pinos. ALmMosT 90 PER CENT OF THE ENTIRE DRAIN=-
AGE BASIN |S RUGGED TOPOGRAPHYj; THE REMAINDER IS OCCUPIED BY THE VALLEY
FLOOR AND THE COASTAL PLAINe FROM EAST OF THE DISTR!ICT EASTERN BOUNDARY,

WESTERLY TO SaTicovy, THE SANTA CLARA RIVER FLOWS IN A FAIRLY BROAD, OUT
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DEEP TROUGH. SOUTH OF THIS TROUGH IS THE STEEP FRONT OF THE SOUTH
MOUNTAIN=-OAK RIDGE UPLIFT, RISING IN PLACES MORE THAN 2000 FEET ABOVE THE
VALLEY FLOORs THE NORTH SLOPES OF THE TROUGH ARE GENERALLY MUCH LESS
PRECIPITOUS, ALTHOUGH THE ELEVATIONS ATTAINED ARE CONSIDERAGLY GREATER.
ALMOST ALL OF THE RUNOFF, AND ALL THE MAJOR TR!IDUTARIES COME FROM THE
NORTH SIDEe THIS ASYMMETRY OF DRAINAGE HAS EXERTED A MARKED CONTROL ON THE
DEVELOPMENT OF THE TROUGHe. THE ALLUVIAL FAN DEPOSITS DEDBOUCHING FROM THE
NORTH SiDE HAVE PERSISTENTLY PUSHED THE SANTA CLARA RIVER TOWARD THE SOUTH
SIDE OF THE TROUGH. ONCE CLEAR OF THE END OF SouTH MOUNTAIN AT SaTicOY,
THE SANTA CLARA RIVER HAS BEEN FREE TO SWING OVER THE ENTIRE OXNARD PLAING
ON THE NORTH, THE SWING HAS DEEN LIMITED BY THE SOUTH=SLOPING ALLUVIAL
FANS DERJVED FROM THE HILLS TO THE NORTHj; ON THE EAST, THE SWING HAS BEEN
LIMITED BY THE CAMARILLO HILLS AND THE HARD ROCKS OF THE SaNTA Montca
MOUNTAINS AT PoiNT MuGue THE OXNARD PLAIN IS CONSIDERED TO COINCIDE WITH
THESE BROAD ALLUVIAL FAN DEPOSITS OF THE SANTA CLARA RIVER,
GEOLOGY

THE GEOLOGIC FEATURES OF THE DISTRICT HAVE EXERTED A STRONG
POSITIVE CONTROL ON THE TOPOGRAPHYs THE YOUNG, SOFT ROCKS UNDERLIE THE
TOPOGRAPHICALLY LOW AREAS; THE OLDER, HARDER ROCKS STAND UP §N BOLD RELIEF,
ALMOS+ WITHOUT EXCEPTION, THE AGRICULTURAL AREAS OF THE DISTRICT ARE ON
ALLUVIAL MATERIALS WHICH IN TURN OVERLIE THE SAN PEDRO FORMATION. ONE
MILLION OR SO YEARS AGO, DURING A TIME REFERRED TO AS THE LowerR PLEISToOCENE,
THE SAN PEDRO FORMATION WAS DEPOSITED, PARTLY IN THE OCEAN, AS A SHEET
COVERING THE ENTIRE DISTRICT AND FOR SOME DISTANCE DEYONDs [HESE GRAVELS,
SANDS, AND CLAYS WERE ACCUMULATED TO A MAXIMUM THICKNESS OF PERHaPs 7000
To 8000 FEET. DURING MIDDLE PLEISTOCENE TIME, THE SAN PEDRO FORMATION WAS
UPLIFTED, FOLDED, AND FAULTED ON A TREMENGOUS SCALE. FROM THE HIGH AREAS.
THE SaAN PEDRO FORMATION WAS COMPLETELY REMOVED 8Y EROS!ONe STREAMS SOUGHT
OUT THE DOWNFAULTED AND DOWNFOLDED STRIPS OF SOFT ROCK AND CONTINUE TO
FLOW IN THESE STR!PS TODAYa. SUCH A STRIP OF SOFT ROCK IS OCCUPIED BY
THE SANTA CLARA RiVER. EXCEPT IN THE EXTREME EASTERN FEW MILES OF THE
DisTRICT, THE RIVER OVERLIES A FAULTED AND SYNCLINALLY FOLDED STRIP OF
RELATIVELY SOFT SanNn PEDRO FORMAT{ON. EVEN THE LOW AREA OF THE COASTAL
PLAIN 1S TO A LARGE EXTENT CONTROLLED OY THE DISTRIBUTION OF THE San PEDRO

FORMATIONs
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THE GEOLOGIC FORMATIONS OCCURRING WITHIN THE DisTRICT ARE
GIVEN ON TaBLE |=1s. DETAILED DISCUSSIONS OF IMPORTANT AQUIFERS ARE |N=-
CLUDED IN THE DISCUSSIONS OF THE {NDIVIDUAL GROUND WATER dAs;Ns."Foé
A MORE COMPLETE TREATMENT OF THE GENERAL GEOLOGY THE READER IS REFERRED
TO THE EXCELLENT MATERIAL PRESENTED IN CALIFORN!IA STATE WATER RESOURCES
Boarp BuLLeTin 12 (ReEF. 23). .
GROUND WATER BASINS ;

THE UPSTREAM GROUND WATER BASINS ARE FROM EAST TO WEST: PIRU,
FiLLMoRE, AND SaNTa Paura (PLaTE 2). THESE ARE ESSENTIALLY THE S AME
GROUND WATER BASINS AS ORIGINALLY DELINEATED IN 1933 N CALIFORNIA
Division oF WATER REsources BuLLeTin 46 (ReEF. 10). ON THE COASTAL PLAIN,
HOWEVER, INCREASING INFORMATION SINCE 1933 HAs RéQUIRED CONSIDERABLE
MODIFICATION OF THE BULLETIN 46 BOUNDARIESe [N THE PRESENT REPORT THE
OASIN BOUNDARIES ON THE COASTAL PLAiN ARE MUCH THE SAME AS THOSE GIVEN
IN CALIFORNIA STATE WATER REsouaczé Boaro BuLLeTin 12 (ReF. 23), 'THE
ALLUVIAL FAN OF THE SANTA CLARA RIVER MAY OE DIVIDED INTO TWO PARTS:
(1) A NORTHERLY AREA WHERE FREE WATER TABLE CONDITIONS EXIST; CALLED THE
OxNARD FOREBAY BasIN IN BuLLETIN 12, AND THE MonNTALvO Basin IN DisTRiCT |
REPQRTsj (2) THE OxNARD PLAIN BASIN WHERE GROUND WATER IS UNDER PRESSUREs
NORTH OF THE SANTA CLARA RivER s THE MounD BAsinN, WHERE fHERE ARE NO
IMPORTANT SHALLOW AQUIFERS, AND IRRIGAT][ON WELLS MUST PENETRATE TO THE
DEEPER CONFINED AQUIFERS AT THE BASE OF THE UPPER PLEISTOCENE OR I'N THE
SAN PEDRO FORMATION. EAST OF THE INFLUENCE OF THE SaNTa CLARA RIVER
THERE ARE SIMILARLY-NQ iMPORTANT SHALLOW AQUIFERS AND THE USUAL DR!LLING
ouJEchyE is THE Fox CANYON AQUIFER AT THE BASE OF THE SAN PEDRO FORMA=
TION OR THE GRIMES CANYON AQUIFER AT THE TOP OF THE SANTA BARBARA FORMA=-
TIoNe THIS EASTERN AREA OF THE DISTRIGT INCLUDES MOST OF PLEASANT
VALLEY, AND PARTS OF THE CaMarRiILLO HiLLs AND THE WEsST Las Fosas AREA
(PLATE M7). '
GENERAL GROUND WATER HYDRQOLOGY

. SURFACE FLOWS ENTER THE upPeRMOST (PIRU) BASIN ALONG THE SANTA

CLara RiIveErR anNpo PI1RU CREEK THROUGH ROCKY CANYONS WITH LITTLE ALLUVIAL
FiLLs RECHARGE TO PIRU BASIN IS LARGELY FROM PERCOLATION OF THESE

SURFACE FLOWSe LESSER AMOUNTS OF RECHARGE TO THE PtRU BASIN, AS WELL
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AGce
RECENT

UpPeER
PLEISTOCENE

LoweR
PLEISTOCENE

UpPER
PLi{OCENE

PLloCENE

MioCENE

EocenE

TABLE [=1
GEOLOGIC FORMATIONS OF THE
UNITED WATER CONSERVATION DISTRICT

NaMe

RECENT ALLUVIUM

CLay Carp
OxNARD AQUIFER
TERrRACE DEPOSITS

BasaL GRrRAVELS

Mucu AQUIFER

Upper San PEDRO
San Peoro ForMaTION

Fox Canyon AQUIFER

GrRIMEs CaNyYoON
AQUIFER

SANTA BARBARA
ForMAaTION

Ptco ForRMATION

MooELO FORMATION

SANTA MaRGARITA
ForMaTIiON

ToPANGA FORMATION

VAQuUEROS ForMATION

SESPE FORMATION

AQUIFER DESCRIPTION AND LocaTioN

SANDY SEMI-PERCHED ZONE OF OXNARD PLAIN.
MAIN ALLUVIUM OF UPSTREAM BASINS.

SILTY GLAYS AND SANDS BENEATH OXNARD
PLaIN.

COARSE GRAVELS AND SANDS==MAIN SHALLOW
AQUIFER BENEATH OxXNarRD PLAIN,

CLAYS, SOME SANDS AND GRAVELS IN uUP-
STREAM BASINS aAND MounD BAsiN.

GRAVELS WITH INTERBEDDED CLAYS JUST BE=
NEATH OXNARD AQUIFER, AND IN MoOUND AND
SANTA PauLa Basinse.

LocaL SAND AND GRAVEL LAYER IN THE Mucu
AREA. PROBABLY A LOGCAL PHASE OF BASAL
GRAVELS.

LENTIGULAR GRAVELS OF THE COASTAL PLAIN
AbovE Fox CaANYON AQUIFER.

INTERBEDDED SANDS, GRAVELS, AND CLAYS I[N
UPSTREAM BASINS AND IN MounND BAasiN,

GRAVELS AND SANDS WITH CLAY LAYERSe. NEAR
BASE OF SAN PEDRO FORMATION BENEATH
OxnNaRD PLAINy PLEASANT VaLLEY, CaMARILLO
HiLLs, aND WEsST Las Posas.

LocAL SANDS AND GRAVELS NEAR TOP OF
SANTA BARBARA FORMATION IN PLEASANT
VaLLEY, CamaritLo HiLLs, anD WEST Las
Posase

NONWATER DEARING
NCNWATER=DEARING,
NONWATER=BEARING 5

NONWATER=DEARINGS

SMALL QUANTITIES OF WATER [N VOLCANIC
ROCKSe.

NONWATER~DEARINGS

VERY SMALL QUANTITIES OF WATER



As TO THE FiLLMORE, SaNTA PauLa, AND MoONTALVO BASINS, ARE DERIVED FROM
DEEP PENETRATION OF RAINFALLs GROUND WATERS LEAVING THE P{RU BasiIN FLOwW
WESTERLY INTO FrLLHoéé BAasINy, PARTLY AS UNDERFLOW,VAND EXCEPT AT THE END
OF VERY DRY PERIODS, PARTLY AS RISING WATERe. RECHARGE TO THE FILLMORE
BASIN ALSO RESULTS FROM PERCOLATION OF FLOOD FLOWS OF THE SaANTA CLARA
RiVER AND oF SeEsPE CREEK. THROUGHOUT MOST OF [TS LENGTH, SESPE CREEK
FLOWS THROUGH A ROGCK CHANNEL, AND THERE IS LITTLE PERGCOLATION OF THE
FLOWS ONTIL THE WATERS REACH THE FILLMORE BASIN. GROUND WATERS LEAVE
THE FILLMORE Basin as UNDERFLOW.AND AS RISING WATERs THIS RISING WATER
IS PERENN[AL, THOUGH FALLING TO VERY LOW FLOWS NEAR THE END OF PROLONGED
DRY PERIODS., UNDERFLOW FROM F{LLMORE BASIN, AND PERCOLATION OF RISING
WATERS, SANTA CLaRA RIVER FLOOD FLOWS, AND SANTA PauLa CREEK FLOOD FLOWS
CONSTITUTE THE SOURCES OF RECHARGE TO THE SaNTa PauLa BaSiNe |

UNDERFLOW AND PERCOLATION OF RISING WATER FROM SANTA PauLa
BAsSIN ARE IMPORTANT CONTRIDUTORS TO MoONTALVO Basin. MORE IMPORTANT,
THOUGH, IS THE PERCOLATION OF FLOOD FLOWS ALONG THE SANTA CLARA RIVER.
BEYoND MoNTALVO BRIDGE THERE IS LITTLE FURTHER PERCOLATION, AND THE ‘FLOGD
FLOWS REMAINING ARE WASTED TO THE OCEAN,

UNDERFLOW OUT OF MONTALVO BASIN GOES [N THREE DIRECTIONS:
(1) INTO THE OXNARD AQUIFER DENEATH THE OxnarD PrLaing (2) inTo THE Fox
CANYON AQUIFER GCENEATH THE OxnNarRD PrLaiNj anD (3) INTO THE MoUND BaSINa -
ADDITIONAL RECHARGE TO THE Fox CANYON AQUIFER DENEATH THE DISTRICT OCCURS
AS UNDERFLOW FROM THE EAST AND WEST Las P0osaAsS AREAS. . U&DER NATURAL CON=-
DITIONS GROUND WATER FLOW WAS PREDOMINANTLY SEAWARD. HEAVY OVERPUMPING
HAS RESULTED IN LOCAL FLOW FROM THE OCEAN TOWARD THE CENTERS OF PUMPINGe
SOILS

A solL SURVEY OF THE ENTIRE DISTRICT AREA EXCERPT THE PIRU
BasiN was MapE purinGg 1901 oy THE Bureau oF SoiLs, U. S. DEPARTMENT OF
AcricuLTurRE (REF. 6)e¢ A MORE DETAILED SURVEY OF ALL OF THE DISTRICT'S
AGRICULTURAL LANDS WAS MADE OY THE BURéAu oF SoiLs IN 1917 AND PUBLISHED
in 1920 (ReF. 7)e MoST OF THE AGRICULTURAL AREAS ARE ON (1) RECENT
ALLUVIAL SOILS DERIVED FROM SEDIMENTS THAT HAVE NOT UNDERGONE MATERI}AL
CHANGES OR INTERNAL MODIFICATIONS SINCE THEIR DEPOSITION, AND WHICH ARE

STILL IN PROCESS OF FORMATI[ON, AND (2) OLD VALLEY-~FILLING AND COASTAL
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PLAIN SOILS, CONSISTING OF ELEVATED AND WEATHERED UNCONSOLIDATED WATER=-
LALD DEPOSITS. FEACH OF THESE GROUPS REPRESENTS A NUMBER OF SOIL SERIES,
AND'ﬁgéﬁ'éERlES ls‘éEpﬁESEN+éD”DY ONE OR ﬁdéé sofL +¥Eéé. 'Mosr'o; THé
SOILS ARE FAIRLY PERMEABLE AND DRAIN EAS{LYs SOIL PROBLEMS I[N THE
DtsTRICT ARE NOT SERIOUS. PRIOR TO AGRICULTURAL DREVELOPMENT MUCH OF THE
OXNARD PLAIN HAD ALKALINE SOILS DUE TO HIGH WATER-TADLE CONDI{TIONS.
AFTER THE INSTALLATION OF TILE DRAINS, AND LEACHING, THE SOILS WERE
EXTREMELY PRODUCT!VE. BECAUSE OF HIGH PERMEADBIL[TY SALTS DO NOT ACCUMU=
LATE [N THE SOILS BUT ARE CARRIED DOWNWARD, THE MAINTENANCE OF GOOD PER=
MEACJLITY |S ESPECIALLY FAVORED DY LOW SODIUM WATERS THROUGHOUT THE
DisTrRICTS

CLIMATE _

THE CLIMATE oF THE DISTRICT IS QUITE MiILD. AVERAGE ANNUAL
TEMPERATURES RANGE FROM ABOUT 69°F NEAR THE COAST TO PERHAPS H61°F INLAND
ON THE COASTAL PLAIN THE MAXIMUM TEMPERATURE Is AcouT 100°F aND THE
MINEMUM ONLY SLIGHTLY‘DELow FREEZINGs FROSTS ON THE GCOASTAL PLAIN ARE
UNCOMMON. INLANDy MAXIMUM TEMPERATURES ARE HIGHER, MINIMUM TEMPERATURES
ARE LOWERy AND FROSTS ARE MUCH MORE OF A PRODLEM. LIKE THE REST OF
GOASTAL SOUTHERN CALIFORNIA, THE CLIMATE IS OF THE MEDITERRANEAN TYPE
WITH A LONG DRY SUMMER AND A SHORT, COMPARATIVELY WET WINTER. ALMOST
ALL OF THE PRECIPITATION OCCURS IN THE DEcEMOER~-TO-MARCH PERIOD. EVEN
DURING THE WET SEASON, SKIES ARE CLEAR AND HUMIDITY LOW A VERY LARGE

PERCENTAGE OF THE TIME, MoST OF THE RAIN COMES DURING STORMS LASTING

FOR A DAY TO A FEW DAYS, W!TH hELATIVELY LONG CLEAR PER!ODS OETWEEN STORMS.

THE AMOUNT OF RAINFALL FROM YEAR TO YEAR [S HIGHLY VARIADLE, AND DURING
THE 85 YEARS OR SO THAT RAINFALL MEASUREMENTS HAVE DEEN MADE, THERE HAVE
DEEN PRONOUNCED PERIODS OF DRY YEARS FOLLOWED DY PERIODS CF WET YEARS.
EXTREMELY WET YEARS MAY OCGUR DURING THE DRY PERIODS, AND EXTREMELY DRY
YEARS DURING THE WET PER!IODSe NO RYTHMICAL OR FIXED CYCLICAL FLUCTUA=
TIONS CAN BE RECOGNI!ZED. [N WATER RESOURCE STUDIES, A SUFFICIENTLY LONG
PER!OD MUST DE TAKEN TO ASSURE THAT CONDITIONS STUDIED ARE FAIRLY RE-
PRESENTATIVE OF AVERAGE LONG=~TERM CONGITIONS. RAINFALL AT SANTA PasuLa

since 1888 is civeEN ON PLATE 3.
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COLLECTION OF DATA

THE UN;TEQ WATER CoNSERVATION DISTRICT HAS BEEN AN ACTIVE

01L-PRODUCING AREA FOR MANY DEGCADES. BEGCAUSE OF THIS ECONOMIC IMPETUS"

THE SURFACE GEOLOGY HAS OEEN MAPPED AND RE-MAPPED MANY TIMES. THE
DETAILS OF THE SURFAGE GEOLOGY WERE GOMPILED FOR BuLrLeTIN 46 (RerF. 10)
AND IN A MUGCH MORE REFINED WAY FOR BuLLeTIN 12 (ReEF. 23), AS AN ADEQUATE
DEPICGTION OF THE SURFAGE GEOLOGY WAS ALREADY AVAILABLE, {T WAS NOT THE
INTENTION OF THE PRESENT INVESTIGATION TO REFINE THE MAPPING. THE
LIMITED GEOLOGIC FIELD WORK UNDERTAKEN WAS CONFINED TO THOSE GEOLOGIC
FEATURES PERTINENT TO THE GROUND WATER HYDROLOGY OF THE DASINS, AND TO
DETAILS OF THE EXPOSED AQUIFERS.

THE FOCUS OF THE GEOLOGIC PHASE OF THE PRESENT INVESTIGAT!ON
WAS ON SUBSURFACE DETAILS. MUCH SUDSURFACE DATA HAD BEEN COLLEGTED ODURING
THE BUuLLETIN 46 anND BULLETIN 12 STUDIES. ALL AVAILAGDLE WELL LOGS WERE
ODTAINED FROM THE STATE DEPARTMENT oF WATER RESOURCES, VENTURA CouNnTY
DivisioN oF WATER REsouRrRcEs, aND THE U, S. GeoLoGicAL SuRVEY GROUND
WATER BRANGH. FROM THE STATE DIVISION OF OfL AND Gas, MAPS WERE OBTAINED
SHOWING THE LOCATIONS OF ALL OIL WELLS AND WILDCAT WELLS WITHIN THE
DisTrRicT. MOST OF THE MAJOR OIL COMPANIES OPERATING WITHIN THE DISTRICT
WERE CONTACTED FOR INFORMATION, USUALLY ELECTRIC LOGS. THEY WERE VERY
COOPERATIVE AND RELEASED MANY ELECTRIC LOGS, USUALLY JUST THE UPPER
PART OF THE LOG, TO THE OASE OF FRESH WATER. M0ST OF THE DEEP WELLS
DRILLED OY THE MibpwAY DRILLING CoMpaANY OF OXNARD DURING THE LAST FIVE
YEARS HAD ELEGCTRIC LOGS AVAILADLE, AND THESE WERE ODTAINEDe. AN ESPECIALLY
GOOD SOURCE OF CAGLE=TOOL DRILLER'S LOGS WAS LEONARD ANDERSON OF EL RloOa

WATER LEVELS OF NUMEROUS WELLS THROUGHOUT THE DISTRIGT HAVE
CEEN MEASURED BY THE VENTURA COUNTY WATER SURVEY (Now WATER RESOURCES
DivisioNn, DEPARTMENT OoF PuBLiC WORKS) SINGE THE BULLETIN b6 sTupiES.
THESE EXTENSIVE AN& CONTINUOUS WATER-LEVEL MEASUREMENTS, WHICH ARE KEPT
PLOTTED UP~TO~DATE, ARE THE SOURCE OF THE HYDROGRAPHS USED IN THE PRESENT
REPORTo NUMEROUS WATER—LEVEL MEASUREMENTS WERE MADE DuURING 1951-53 ov
THE STATE DivisioN 0oF WATER RESOURCES IN THE COURSE OF THE BuLLeTIN 12
lNQésrlGATzON; SbMEVEXCELLENTVWATER—LEVELVRECORbS AREVAVAILAbLE IN THE

FILES oF THE SanTA CLARA WATER CONSERVATION DISTRICTe. SOME OF THE WELLS



ARE MEASURED ON A MONTHLY BASIS, SOME WEEKLY, AND SOME HAD WATER=-STAGE
RECORDERS FOR LONG PER}IODS OF TIMEe UNITED HAS CONTINUED, IN PART, THE
Santa CLaARA DISTRICT PRoéRAM. WEEKLY MEASUREMENTS OF WATER LEVELS ARE
MADE BY DASE PERSONNEL FOR THE WELLS OF BOTH THE Mucu AND HUENEME NavaL
Bases. MaNY OTHER MEASUREMENTS, ESPEC|ALLY.FOR WELLS IN THE COASTAL
AREA, ARE AVAILADLE AT THE LoNe BEAacCH OFFICE oF THE U. S. GeEOLOGICAL
SurRVEY, GROUND WATER BRaANGCH,

THE FIRST COMPILATION OF WATER QUALITY DATA FOR THE DISTRICT
WAS THAT WHIGH APPEARED IN STATE DivisioNn oF WATER RESOURCES BULLETIN
Léa (Rer. 11) TrE APPENDICES To BULLETIN 46, BETWEEN THE TIME OF THE
BuLLETIN 46 WATER SAMPLING PROGRAM AND THAT STARTED N 1951 DURING THE
BULLETIN 12 INVESTIGATION, WATER QUALITY DATA ARE RATHER SPARSE. HoOwW=
EVERy; MANY SAMPLES WERE TAKEN ALONG THE COAST. IN THE AREA OF POTENTI AL
SEA=WATER INTRUSION DURING THE LATE FORTIES BY THE SANTA CLARA WATER
ConservaTION DisTRICT, aND BY THE U. S. GeEoLoGicAL Survey (ReEF. 56).
From 1951 To THE PRESENT TIME, THE WATER SAMPLING PROGRAM HAS DEEN MUCH
MORE SYSTEMATICe PERIODIC SAMPLING OF DOTH SURFACE WATERS AND WELL
WATERS [S CURRENTLY DEING UNDERTAKEN 0Y THE STATE DEPARTMENT OF WATER
ReEsources, VENTURA COoUNTY WATER RESOURCES Divistiony, anD oY THE UNITED
WATER CoNseERvATION DisTRIGT. MoST OF THE EARLIER ANALYSES WERE MADE DY
THE FRUIT GROWERS LABORATORY, AND MANY CAN DS FOUND [N REPORTS PREPARED
oy L. T. Suare (ReFs. 32, 62, 63). ALMOST ALL OF THE SURFACE WATER AND
GROUND WATER ANALYSES DATING FROM AFTER BULLETIN 46A WERE COMPILED AND
RECENTLY RELEASED AS APPENDICES TO STATE DEPARTMENT OF WATER RESOURCES
BuLLETIN 75 (ReF. 18).
NUMBERING SYSTEMS

CURRENTLY I[N VENTURA COUNTY, TWO WELL NUMBERING SYSTEMS ARE
USED. THE ORIGINAL GRID SYSTEM, DEVELOPED DURING THE BULLETIN 46 in~
VESTIGATION, UTILIZES BLOCKS TWO MILES ON A S{DE. THESE BLOCKS ARE
NUMBERED FROM WEST TO EAST AND LETTERED FROM NORTH TO SOUTHe WITHIN
EACH OLOCK (AREA FOUR SQUARE MILES) A WELL IS ASSIGNED A NUMBER AS
LocATEDe THUS weELL 10-R-57 wouLD O0DE THE 57TH WELL ASSIGNED A NUMBER
WITHIN THE 10-R oLOCK. THERE IS NO INDIGATION FROM THE NUMOER AS TO THE

POSITION OF THE WELL WITHIN THE FOUR-~SQUARE-MILE AREA.
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THE MORE RECENTLY DEVELOPED NUMBERING SYSTEM [S THAT EMPLOYED
oy THE U. S. GEOLOGICAL SURVEY AND ADOPTED BY THE STATE DEPARTMENT OF
WATER RESOURGCES. THIS SYSTEM UTILIZES THE TOWNSHIP, RANGE AND SECTION
SUBDIVISION OF THE FEDERAL LAND SURVEY. AREAS NOT ACTUALLY SURVEYED
INTO SECTIONS WERE DIVIDED DURING THE BULLETIN 12 INVESTIGATION BY
EXTENDING THE GRID INTO THESE AREAS. I[N THIS SYSTEM, EACH SECTION IS

DIVIDED INTO SIXTEEN 40—ACRE PLOTS AND LETTERED AS FOLLOWS:

D c B | A
E Fl 6| oH
M L} k|4
N p Q R

WITHIN EACH 4O-AGRE PLOT THE WELLS ARE NUMBERED IN ORDER, AS LOCATED.
[F A WELL IS DESIGNATED As 3N/20W-11N1, IT iIs LOCATED IN SeEcTlion 11 oF
TownsHt!P 3 NoRTH, RaNgeE 20 WeEsT. [T Is FURTHER LOCATED (N THE "N" pPLoOT,

1

AND IS THE FIRST WELL TO OE LOCATED IN THAT PLOT. ALL AREAS IN THE

DiSTRICT ARE REFERENCED TO THE SAN BERNARDINO Base ano MeriDian (S.B.B.M.).

I[N ASSIGNING LETTERS TO WELLS, THE NORTHEAST CORNER IS FIXED. IF A
SECTION IS SMALLER THAN 640 ACRES, THE WEST AND SOUTH LETTERED PLOTS ARE
REDUCED IN SIZE OR ELIMINATED. IN UNUSUALLY LARGE SECTIiONS, THE WEST
AND SOUTH ROWS OF LETTERED PLOTS ARE EXPANDED. |

IN THE PRESENT REPORT, THE UsS.G.S.~STATE SYSTEM WILL DE USED.
LOCATING A WELL IMMEDIATELY TO THE NEAREST 40 AGRES HAS BEEN FOUND TO
BE A DISTINCT ADVANTAGE. FOR MANY REASONS IT 1S RECOMMENDED THAT THE
DISTRICT GRADUALLY SWITCH TO THE UeS.GaS.~STATE SYSTEMe THIS SYSTEM
HAS ODECOME STANDARD [N THE ENTIRE STATE oF CALIFORNIA AND (S USED ALSO
IN MANY OTHER STATES DY STATE ORGANIZATIONS AND THE U, S. GEOLOGICAL
SURVEYs THE CaLIFORNIA DEPARTMENT OF WATER RESOURCES [S CURRENTLY
ADAPTING THIS NUMODERING SYSTEM TO PROCESSING OF HYDROLOGIC DATA I[N
COMPUTING MAGCHINESe . TO..ASSLST . IN..CHANGING FROM. VENTURA COUNTY . NUMBERS TO.

STATE NUMBERS, THERE |S NOW AVAILADLE A PUDBLJSHED CROSS=INDEX (Rer. 18).
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CHAPTER 1
DETAILED GROUND WATER HYDROLOGY

"PIRU BASIN

BOUNDARIES

THE PI1rRU BASIN REFERS TO THE AREA OF GROUND WATER STORAGE
WHICH 1S THE FARTHEST UPSTREAM OF THE MAJOR AGRIGULTURAL AREAS OF
THE UNiTED WATER ConsERvATiION DISTRiICT. THE BOUNDARIES ARE AS GIVEN
tN PLATE 4. THE EASTERN DOUNDARY IS PLACED O.7 STREAM MILES DELOW
THE VENTURA COUNTY GAGING STATION AT BrLuE CuT, AT A PLACE WHERE THE
ALLUVIUM 1S THIN AND UNDERLAIN BY NONWATER—-DEARING ROCKS. THE
WESTERN BOUNDARY MUST BE SELECTED ON A SOMEWHAT ARBITRARY BASIS, ABOUT
WHERE THE VALLEY REAGCHES. A MINIMUM WIDTH. IN THE VIGINITY OF THIS
BOUNDARY 1S A REACH OF PERIODIC RISING WATER. THE ALLUVIAL MATERIALS
HERE ARE NOT NOTIGCEABLY THINNER THAN ELSEWHERE, AND THEY ARE UNDERLAIN
BY PERMEABLE FRESH-WATER-DBEARING ZONES TO DEPTHS OF THOUSANDS OF FEET.
THE REMAINDER OF THE BOUNDARY OF THE BASIN DELINEATES THE AREA OF MORE
OR LESS PERMANENT GROUND WATER STORAGE, AND CLOSELY APPROXIMATES THE
AREA WHICH HAS BEEN COVERED DBY THE ALLUVIAL DEPOSITS oF FIrRU CREEK AND
THE SaNTA CLARA RIVER. INCLUDED WITHIN THE PiIRU BaSIN ARE THE TERRACES
ALONG THE SOUTH SIDE OF THE RIVER IN SECTIONS 29, 31, ano 32, T4N, R18W,
ALTHOUGH THE AQUIFERS BENEATH THESE TERRACES ARE AT T!MES NOT !N FREE
HYDROLOGIC CONTINUITY WITH THE MAIN ALLUVIAL WATERS. AS SO0 DEFINED,
THE PirU Basin COVERS AN AREA OF 7025 aAcReEs. FOR PURPOSES OF COMPUTING
RAINFALL PENETRATION, A SOMEWHAT LARGER AREA OF 8285 AGRES s ‘USED
(PLaTE L4). WITHIN THE ADDITIONAL, FERIBHERAL AREAS, THE PENETRATING RAIN
WATER, SUPPLIED ONLY IN VERY WET YEARS, MOVES DOWNWARD, THEN LATERALLY
AS SLOW UNDERFLOW TO FEED THE MAIN BODY OF ALLUVIUM. THE ALLUVIUM OF
HopPeErR CREEK CANYON, THOUGH VERY EXTENSIVE, !S SPECIFICALLY EXCLUDED HERE
BECAUSE HorPER CREEK HAS ERODED INTO HARD ROCK MEAR |ITS MOUTH, AND SUCH
RAINFALL AS MAY PENETRATE 1S GONSIDERED TO ENTER THE GROUND WATER DBASIN
AS SURFACE FLOW.,
GRQUND WATER GEOLOQOGY

GenNErRAL GEoLOGY

BroAaDLY SPEAKING, THE Pitru BasiN IS A REAGH OF THE EXTENS!VE
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THE MOUTH OF FAiRVIEW CANYON RESTRICTS THE RIVER SOMEWHAT, BUT THERE
SEEMS LITTLE DOUBT THAT THE RJVER NEAR THE WESTERN BASIN GOUNDARY HAS
LN THE PAST REACHED CLOSE.TO.THE .NORTH. WALL.

- THE‘RECENT ALLuvaM bEPaslTED BY THE>SANTA CLARA RIVER 1Is
PRIMARILY COARSE SAND AND GRAVEL. FELSEWHERE (N THE PirU BasiN THE RECENT
ALLUVIUM CONTAINS LAYERS OF MUCH LOWER PERMEAB{LITY. THESE FINER=GRAINED
LAYERS, INCLUDING SOME éLAYs, PROBABLY REPRESENT ANCIENT INTER=STREAM
OR [INTER=FAN AREAS. IN MANY PLACES NORTH OF THE PRESENT CHANNEL OF
THE SanTa CLARA RIVER, THESE CLAYS HAVE CAUSED A PERCHED CONDITION, AND
THE PERGCHED WATERS ARE TYPICALLY OF INFERIOR CHEMICAL QUALITY. THOUGH
THEY APPEAR IN MANY PLACES, THE SHALLOW CLAY LAYERS ARE NOT CONTINUOUS,
AND THE PERCHED WATERS ARE ABLE TO FLOW LATERALLY, AND IN AREAS OF GREATER
PERMEABIL!ITY MOVE DOWNWARD TO THE MAIN BODY OF GROUND WATER.

EXCEPT AT THE LOWER, WESTERN END OF THE PIRuU Basin, THE RECENT
ALLUVIUM BECOMES DEWATERED DURING A PROLONGED PER!IOD OF DRY YEARS. AS
A RESULT OF THIS DRAINING, SOME SHALLOW WELLS HAVE GONE DRY. ‘FORTUNATELY,
HOWEVER, THE RECENT ALLUVIUM ALMOST EVERYWHERE IN THE PIRU Basin Is
UNDERLAIN BY DEEPER AQU!FERS, AND WATER CAN BE OBTAINED AT SOMEWHAT
GREATER DEPTHS. |

THE DEPOSITS OF OLDER ALLUVIUM INCLUDE THOSE LAID DOWN B3Y THE
SanTa CLARA RIVER AND TRIBUTARIES DURING AN EPISODE DISTINCTLY PRIOR TO
THAT OF THE RECENT ALLUVIUM., THE OLDER ALLUVIUM FILLS BURIED CHANNELS
DEEPER THAN THOSE OGCUPIED BY THE RECENT ALLUVIUM AND |S PRESENT AS TERRACE
DEPOSITS RISING ABOVE THE PRESENT éTREAM CHANNELS. FLANKING THE SANTA
CLARA RIVER ON BOTH SIDES JUST WEST OF BLUE CUT ARE TERRACE MATERIALS
DEPOSITED DURING OLDER ALLUVIAL TIME. SIMILAR HIGH=~LEVEL DEPOSITS FORM
A PROMINENT DENGH ALONG THE SOUTH SIDE OF THE PIRU BASIN IN SecTions 29,
31, an0 32, T4N, R18W. THROUGHOUT MOST OF THE REMAINDER OF THE BASIN
THE OLDER ALLUVIUM OCCURS AS A LAYER OF VARIABLE THICKNESS BDENEATH THE
RECENT aLLuviuM. ON THE CamuLos RancH, In SecTion 27, T4N, R18W, THEe
OLDER ALLUVIUM HAS A THICKNESS oF aApouT 80 FEET. AT THE STaTE FisH
HATCHERY, RECENT ALLUVIUM LIES DIRECTLY ON THE San PEDRO FORMATION, AND
OLDER ALLUVIUM 1S ABSENT. ~HoweveEwrR, IN THE DURIED ALLUVIUM=FILLED CHANNEL
SOUTH OF THE STATE FisH HaTCHERY, THE BoTTOM 40 FEET OF FILL 1S ASSIGNED

TO THE OLDER ALLUVIUM. THE UPPER PART OF THIS ALLUVIAL FILLy WHICH
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BLANKETS THE ENTIRE WIDTH OF THE BASIN AT THE BASIN BOUNDARY, 1S CONS|DERED
RECENT ALLUVIUM, ALTHOUGH THE ABSENcé oF OLDER ALLUVIUM AT THE STATE

FrsH HATCHERY MAY BE DUE'TO NON-DEPOSITION, A MORE LIKELY EXPLANATI!ON

1S THAT THE OLDER ALLUVIUM WAS DEPOSITED, THEN LATER REMOVED B8Y EROS!ON.
IN THE CENTRAL PART OF THE BASIN, SOUTH AND WEST OF THE TOWN OF PIiRU,

THE OLDER ALLUVIUM THICKNESS IS BETWEEN 30 anp 50 fFEEeT.

AS COMPARED W!TH THE RECENT ALLUVIUM, THE OLDER ALLUViIUM IS
CHARAGCTERIZED DY MORE LAYERS OF CLAY, ESPECIALLY YELLOW TO BROWN (N COLOR.
DuriNg OLDER ALLUVIAL TIME T IS SUGGESTED THAT THE INFLUENCE OF THE
THROUGH-FLOWING RIVER WAS LESS IMPORTANT'THAN NOW, AND THE DEPOSITS FROM
THE SIDE TRIBUTARIES WERE MORE EXTENSIVELY DEVELOPED.

OLDER ALLUVIUM OVERLIES TRUNCATED LAYERS OF THE San PEDRO
FORMATION EVERYWHERE IN THE PIRU BASIN EXCEPT AT THE EASTERN END, WHERE 1T
OVERLIES THE NONWATER-BEARING PICO FORMATION.

DURING PROLONGED DROUGHTS THE OLDER ALLUVIUM BECOMES COMPLETELY
DEWATERED IN THE AREA SOUTH AND WEST OF THE TOWN OF PiRU. JUST WEST OF
BLue CuT, DURING DROUGHT PERIODS, STATIC WATER TABLES DROP TO WITHIN THE
OLDER ALLUVIAL GRAVELS, BUT THERE HAS BEEN NO EVIDENCE OF COMPLETE
DEngERlNG. NEAR THE WESTERN END OF THE BASIN, WHERE WATER LEVELS ARE
PERSISTENTLY HIGH, THE OLDER ALLUVIUM SHOWS ONLY SLIGHT DEWATERING, EVEN
AT THE END OF A PROLONGED DROUGHT PERIOD.

THERE ARE FEW WELLS WHICH RELY UPON OLDER ALLUVIUM AS AN
EXCLUSIVE SOURCE OF SUPPLY. MOST WELLS PENETRATING THE OLDER ALLUVIUM
ARE PERFORATED ALSO IN THE SATURATED OVERLYING RECENT ALLUVIUM OR IN THE
UNDERLYING SAN PEDRO FORMATION. EXCEPTIONS ARE THE WELLS IN SEGTION 27,
T4N, R18W, WHERE THE PicO FORMATION UNDERLIES THE OLDER ALLUVIUM. HERE
DURING DROUGHT PERIODS ONLY THE LOWER PART OF THE OLDER ALUVIUM IS
SATURATED, AND THIS IS THE ONLY SOURCE OF SUPPLY TO WELLS.

San PEDRO AQUiFERS

AsS USED IN THIS REPORT, THE TERM i'San PEDRO aQUIFERS! REFERS
TO THE PERMEADLE SANDS AND GRAVELS IN THE HIGHLY FoLDED LoweErR PLEiISTOCENE

MATERIALS WH!CH OVERLIJE THE PLIOCENE PICO FORMATION OR THE SANTA BARBARA

- FORMATI1ON.---NEAR -THE BASE OF -THE -FORMATION-IS-A~-GROUP -OF MARINE -LAYERS-

SOMETIMES CALLED THE lLas Posas FoORMATION. BENEATH THE PIRU BASiN, THESE

BASAL MARINE LAYERS HAVE A THICKNESS oF aBouT 1000 FEET. THE THICKER
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OVERLYING SEQUENCE OF LAYERS, COMMONLY CALLED THE SAUGUS FORMATION, IS
OF CONTINENTAL DEPOSITION., |IN THE ELECTRIC LOG OF ONE OiL WELL, LAYERS
OF APPARENT SAN PEDRO LITHOLOGY CONTAINING RELATIVELY FRESH WATER EXTEND
To A DEPTH oF 8800 FEET. THIS UNUSUALLY GREAT INFERRED THICKNESS MIGHT
BE EXPLAINED BY STEEPLY DIPPING BEDS, BY REPETITION OF STRATA DUE TO
FAULTING, OR BY PRE~SAN PEDRO LAYERS NOT PREV!OUSLY RECORDED.

ALTHougH THE SaN PEDRO AQUIFERS UNDERLIE MOST OF THE PIRU
BAsinN, THEY ARE NOWHERE IN THIS BASIN EXPOSED AT THE SURFACE. THESE
AQUIFERS ARE PRESENT IN WelLlL 4N/18W~28C1 CuT IN NO WATER WELLS FARTHER
EAST. THE APPROXIMATE EASTERN LIM!T OF THE SAnN PEDRO FORMATION BENEATH
THE BLANKETING ALLUVIUM 1S SHOWN ON PLATE 4. THE EASTERN PART OF THE
Piru BasiN, HOWEVER, IS VERY COMPLEX GEOLOGICALLY, AND GONCEIVABLY THE
LIMIT COULD BDE SOMEWHAT FARTHER EAST. AS INDICATED BY ELECTRIC LOG DATA,
THE SAN PEDRO FORMATION AT DEPTH EXTENDS BOTH NORTH AND SOUTH BEYOND THE
BOUNDARIES OF THE PIRuU BasIN BENEATH THE San CaveTano anND QaAk RibGE
FauLts (SecTion B-B', PLATE 5). AN EAST=WEST CROSS=SECTION ALONG THE
MAJOR SYNCLINE BENEATH THE PIRU BAsSIN 1s sSHOwWN IN SEcTtoON A=A' oF PrLaTE 5.
FROM THE APPROXIMATE EASTERN LIMIT, THE BASE OF THE SAN PEDRO FORMATION
PLUNGES STEEPLY TO A PROBABLE DEPTH oF 8800 FEeT IN THE NW 1/L4, SecTion
30, T4N, R18W. To THE WesT THE BASE REMAINS AT GREAT DEPTH, ALTHOUGH
THERE 1S PROBABLY A GENTLE ARCH IN THE WESTERN PART OF THE BASIN, AND
A LOW WESTERLY PLUNGE AT THE BASIN BOUNDARY.

IN THE CENTRAL PART OF THE PirRU Basin, THE SaN PEDRO FORMAT I ON
IS PREDOMINANTLY SAND AND GRAVEL WI!TH LOCAL THIN LAYERS OF CLAY. JTHESE
PERMEABLE LAYERS EXTEND FAR DEEPER THAN PRESENT~DAY ECONOMICAL DRILLING
DEPTHS. TOWARD THE WESTERN BOQUNDARY, THICK CLAYS ARE INTERBEDDED WITH
THE GRAVELLY AQUIFERS, AND ARTES!AN COND!TIONS ARE PRODUCED,

WATER WELLS TAP NUMEROUS SAN PEDRO AQUIFERS OVER MOST OF THE
Piru BasinN. TOTAL DEPTHS RANGE FROM 300 To 650 FEET, AND WELL YI[ELDS
ARE AS HIGH AS 3000 GALLONS PER MINUTE. SPECIFIC CAPACITIES GENERALLY
EXCEED 100, AND I[N ONE WELL THE SPEGCIFIC CAPACITY IS 200 GALLONS PER
MINUTE PER FOOT OF DRAWDOWN. NOT ALL PARTS OF THE SaN PEDRO FORMATION
Y1ELD-WATER PROLI{FICALLY. - IN SOME ZONES THERE ARE THLCK CLAYS.AND.- IN

OTHERS THE USUALLY PERMEABLE SANDS AND GRAVELS ARE WELL CEMENTED.
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SOURCES OF RECHARGE

THE P1RU BASIN IS RECHARGED MAINLY BY PERCOLATION OF SURFACE
FLOWS ALONG THE CHANNELS OF THE SANTA Crara Rtvewr, PtrRu CREEK, HoPPER
CREEK, AND SMALLER TRIBUTARIES. THE PERCOLATION OF THE PiRU CREEK
FLOWS 1S AUGMENTED BY DIVERSIONS INTO THE PIRU SPREADING GROUNDS. DURING
YEARS OF HEAVY RAINFALL, SOIL MOISTURE DEFICIENCIES ARE EXCEEDED AND LARGE
VOLUMES OF WATER ARE RECHARGED THROUGH RAINFALL PENETRATION. ON SOME
OF THE SANDIER SO!LS IRRIGATION WATER IS APPLIED VERY LIBERALLY AND THE
EXCESS IS RETURNED TO UNDERGROUND STORAGE. UNDERFLOW INTO THE BASIN IS
NOT LARGE, BUT A SMALL STEADY FLOW ENTERS THROUGH THE THIN ALLUVIUM AT
BLue CuT AND AT THE NARROWS NEAR THE TOWN OF PiRuU. ST:;L SMALLER,
INTERMITTENT UNDERFLOWS SEEP THROUGH THE SMALL TRIBUTARY ALLUVIUM AND
FROM TERRACE DEPOSITS. LEAKAGE FROM THE TERTIARY ROCKS DIRECTLY INTO THE
MAIN ALLUVIUM IS CONSIDERED TO BE INSIGNIFICANT.
BASIN QUTFLOW

A LARGE AMOUNT OF UNDERFLOW LEAVES THE PiRU BASIN NEAR THE
STATE F1sH HATCHERY MOVING THROUGH BOTH THE ALLUVIUM AND THE SaN PEDRO
AQUIFERS. BECAUSE OF THE SLIGHT DECREASE (N WIDTH OF THE VALLEY, BOTH
THE ALLUVIAL AQUIFERS AND THE SAN PEDRO AQUIFERS SHOW A HORIZONTAL
CONSTRICTIONs. IN THE WETTER PERIODS THE UNDERGROUND TRANSMISSIBILITY
IS INSUFFIGJENT TO HANDLE THE OUTFLOW AND THE EXCESS LEAVES AS RISING
WATER. |IN PROLONGED DROUGHT PERIODS THE UPPER PART OF THE ALLUVIAL CROSS=-
SECTION |S DEWATERED.
MOVEMENTS OF UNDERGROUND WATER

THE PIRU BASIN 1S CHARACTERIZED 8Y THE GENERAL wESTERLY
MOYEMENT OF GROUND WATER, CONFORMING TO THE SLOPE OF THE ALLUV!IAL SURFACE.
DURING WET YEARS, THE WATER TADLE RISES WITHIN THE BLANKETING ALLUVIAL
DEPOSITS AND THE SIMPLE WESTERLY FLOW IS EVIDENT FROM THE WATER-LEVEL
conTourRs (PLaTE 6A). TOWARD THE END OF A SERIES OF DRY YEARS, A LARGE
AREA OF THE ALLUVIAL OLANKET BECOMES UNWATERED, AND THE WESTERLY MOVEMENT
OF WATER IN THE ALLUVIAL DEPOSITS CONTINUES ONLY IN THE ALLUVIUM OF THE
SaNTA CLARA RIVER ALONG A STRIP AT THE SOUTHERN BORDER OF THE BASIN
(PLaTE 6B). To THE NORTH, AFTER THE ALLUVIAL DEPOSITS. ARE DRY4y THE

PUMPING PROGRESSIVELY REMOVES WATER FROM STORAGE N THE SAN PEDRO AQUIFERS.,

L1-6



ALLUVIAL STRIP OF THE SANTA CLaARA RIVER. THE MOUNTAINS FLANKING THIS

WESTWARD~SLOPING ALLUVIAL STRIP, DOTH TO THE NORTH AND TO THE SOUTH, ARE

-.COMPOSED OF HARD NONWATER-BEARING TERTIARY.ROCKS. UNDERLY.ING AND

COMPLETELY OBSCURED DY THE ALLUVIAL BLANKET IS A GREAT THICKNESS OF LOWER
PLEISTOCENE WATER-BEARING DEPOSITS WHICH HAVE BEEN THROWN INTO A SHARP
SYNCLINE WITH AN EAST-WEST AXIS. |IN THE DROAD WESTERN PART OF THE Piru
BASIN THE DEEP SYNCLINE OF LOWER PLEISTOCENE FRESH-WATER~BEARING ROCKS

IS ABRUPTLY TRUNCATED BOTH MORTH AND SOUTH BY THRUST FAULTS OF TREMENDOUS
THRdw. ON THE NORTH THE SaAN CAYETANO FAULT HAS-PUSHED THE TERTIARY ROCKS
UP AND OVER THE LOWER PLEISTOCENE AQUIFERS. A SIMILAR SITUATION OCCURS

TO THE SOUTH WHERE THE TERT!ARY ROCKS OVERHANG THE SAME AQUIFERS ABOVE

THE MORE NEARLY VERTIGAL OaK RiDGE FAULT. THESE COMPLEX GEOLOGIC CONDITIONS
ARE DEPICTED ON SeEcTtionN B-B' oF PLaTE 5. IN THE NARROW EASTERN PART OF
THE PIRU BASIN THE THRUST FAULTS ARE NOT CLOSE TO THE ALLUVIAL LIMITS

BUT THE RESULTS OF THE STRONG NORTH=-SOUTH COMPRESSION APPEAR AS OVERTURNED
TERTIARY LAYERS ON BOTH FLANKS OF THE VALLEY.

ALLUVIAL AQUIFERS

THE UPPERMOST ALLUVIAL LAYERS, PROBABLY OF RECENT AGE, BLANKET
ALMOST THE ENTIRE PIRU BASIN. THESE SURFICIAL LAYERS INCLUDE DEPOSITS
oF THE SanTa CLara River, Piru CrReEek, HorPreER CREEK, AND MINOR STREAMS
COMING FROM THE NORTH. NEAR BrLue CuT, AT THE EASTERN BOUNDARY OF THE
BASIN, ALLUVIAL DEPOSITS ARE PROBABLY NO MORE THAN A FEW TENS OF FEET THICK.
OVER MOST OF THE REMAINDER OF THE BASIN, THE THICKNESS OF THE RECENT
ALLUVIUM IS IN THE RANGE oF 60 To 80 FEET. IT APPEARS TO 2E THICKEST IN
SecTioN 27, T4N, R18W, WHERE THE PROBAGLE BASE IS AT A DEPTH ofF 80 FEET.
THERE 1S A GRADUAL THINNING TO THE WEST. SOUTH AND WEST OF THE TOWN OF
P1RU THE AVERAGE THICKNESS IS apouT 70 FEET, WHEREAS AT THE WESTERN BASIN
DOUMDARY SOUTH OF THE STATE FisH HATCHERY, THE THICKNESS 1S ABouT 60 FEET.

THROUGHOUT RECENT ALLUVIAL TIME THE DEPOSITS OF THE SANTA
CLARA RIVER HAVE DEEN RESTRICTED TO THE SOUTHERLY PART OF THE BASIN.
BECAUSE OF THE SOUTHWARD-SPREADING DEPOSITS OF PIRU CREEK AND THE FAN OF

Hopper CREEk, THE SANTA CLARA RIVER HAS NOT BEEN FERMITTED TO SWING INTC

"THE NORTHERN PART OF THE B4SIN. WEST oF THE HorPPER CREEK.FAN, HOWEVER,

THE RIVER HAS BEEN LESS RESTRICTED AND HAS BEEN ABLE TO SWING MORE FREELY

FROM ONE SIDE OF THE VALLEY TO THE OTHER. THE PRESENT ALLUVIAL FAN AT
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DuRING THESE DRY YEARS THE SAN Pebro AQUIFERS APPEAR TO DE |SOLATED FROM

~] POTENTIAL ALLUVIAL RECHARGE. UNWATERING OF THE TILTED PERMEABLE ZONES

IN' THE SAN PEDRO FORMATION CONTINUES UNTIL A YEAR SUFFICIENTLY WET TO
PRODUCE FLOW THROUGH THE OVERLYING ALLUVIAL BLANKET (PLaATE 60). From
[) THE SATURATED ALLUVIAL MANTLE THE WATER QUICKLY MOVES DOWNWARD AND FILLS

THE AVAILABLE STORAGE SPACE IN THE SaN PEDRO AQUIFERS.
i] ONCE WITHIN THE SAN PEDRO PERMEADLE ZONES THE WATER MOVES
) PREDOMINANTLY IN A WESTERLY DIRECTION, ALTHOUGH THERE MAY BE SOME SOUTHERLY
[i AND NORTHERLY COMPONENTS OF FLOW AS THE WATER MOVES DOWNWARD TOWARD THE

AX1S OF THE SYNCLINE. FLUSHING BY FRESH WATERS HAS APPARENTLY EXTENDED
[ TO GREAT DEPTHS, FOR AN ELECTRIC LOG INDICATED THE PRESENGCE OF LOW
‘ SALINITY waTeERs 8800 FEET BELOW THE GROUND SURFAGE [N LAYERS DELIEVED
— TO HAVE BEEN DEPOSITED IN OCEAN WATER. ‘
i; OVER MANY PARTS OF THE PIRU BASIN, ESPECIALLY ALONG THE SANTA
CLARA RIVER, WATER ORIGINATING FROM STREAMFLOW, RAINFALL, OR [RRIGATION
RETURN MAY MOVE DOWNWARD FREELY FROM THE GROUND SURFACE TO JOIN THE MAIN
WATER BODY. IN PLACES IN THE NORTHERN PART OF THE BASIN SUCH PERCOLATING
l WATERS ARE PERCHED ON CLAY LAYERS WITHIN THE RECENT ALLUVIUM. THESE
SHALLOW WATERS ARE OFTEN OF INFERILOR QUALITY. DESPITE THIS TEMPORARY
IMPEDIMENT TO DOWNWARD MOVEMENT, THE PERCHED WATERS IN TIME REACH THE
MAIN GROUND WATER DBODY. THE RESULT 1S AN INCREASED AMOUNT OF WATER
r WHICH SHOULD BE CLASSIFIED "IN TRANSIT. HOWEVER, NO MODIFICATION SEEMS
L NECESSARY I[N THE GENERAL VIEW THAT THIS IS A BASIN CHARACTERIZED BY A
FREE WATER TABLE.
FLUCTUATIONS OF WATER LEVELS

THE HYDROGRAPH OF weELL 4N/18W-27B2 (PLATE 7) IS CONSIDERED
REPRESENTATIVE OF THE EXTREME EASTERN PART OF THE PIRU BASIN WHERE REGENT
AND OLDER ALLUVIUM OVERLIE NONWATER=~BEARING PIiCO FORMATION. ALTHOUGH

THE EFFECGTS OF PUMPING, AND NATURAL DRAINING TOWARD THE WEST ARE SHOWN

BY A SHARP DROP IN WATER LEVEL DURING EACH DRY SEASON, THERE 1S A MARKED

RECOVERY EACH WET SEASON DUE TO PERSISTENT UNDERFLOW THROUGH BrLue CurT

ANG TO PERCOLATION OF RISING WATER AND FLOOD FLOWS. FAILING RECHARGE
THROUGH THE PER!100S 1947-51 anp 1952-57 s EVIDENT, 8UT THERE IS SUGGESTED

i ALSO A BALANGCE OJETWEEN RECHARGE, AND PUMPING PLUS DRAININGy FOR DEPLETION
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BELOW ELEVATION 580 APPEARS TO BE ACCOMPLISHED ONLY W!TH DIFFICULTY
UNDER EXISTING CONDITIONS OF DEVELOPMENT.

FARTHER DOWNSTREAM 15 WELL 4N/18W-30G2 wHOSE WATER-LEVEL
FLUCTUATIONS ARE REPRESENTATIVE OF THE AREAS WHERE THE SAN PEDRO AQUIFERS
ARE PERIODICALLY UNWATERED (PLATE 7). DURING AND AFTER THE WET PERJOD
OF THE EARLY FORTIES (1941-47), WATER LEVELS WERE HIGH AND THE BASAL .
ALLUVIAL DEPOSITS REMAINED SATURATED. DUE TO PUMPING AND NATURAL DRAINING
THE ALLUVIAL DEPOSITS WERE UNWATERED. CONTINUED PUMPING DURING THE PERIOD
1947~51 UNWATERED THE UPPER PART OF THE SAN PEDRO AQUIFERS. THE SHARP
DROP DURING THIS PERIOD REFLECTS LOW AVERAGE SPECIFIC YIEL®S AND RELATIVELY
MINOR RECHARGE. IN EARLY 1952, RECHARGING WATER MOVED THROUGH THE
ALLUVIAL BLANKET, FILLED THE UNWATERED PORTIONS OF THE SAN PEDRO AQU!FERS
AND PRODUCED A SHARP RISE IN WATER LEVELS. THOUGH CONSIDERADLE [N VOLUME,
THIS REPLENISHMENT WAS BARELY SUFFICIENT TO REFILL THE DEPLETED STORAGE
IN THE SAN PEDRO AQUIFERS. LITTLE EXTRA WAS AVAILABLE FOR KEEPING THE
BASAL ALLUVIUM SATURATED, AND CONSEQUENTLY A NEW CYCLE OF SAN PEDRO
UNWATERING STARTED IMMEDJATELY AND CONTINUED TO 1957. THE RECOVERY IN
1958 wAS ALMOST AS GOOD AS IN 1952.

TYPICAL OF THE WATER-LEVEL FLUCTUATIONS NEAR THE WESTERN BOUNDARY
oF THE PirRU BasiN aRE THOSE SHOWN BY WELL UN/19W-33J1(PLATE 7). ALTHOUGH
THIS HYDROGRAPH BEARS A RESEMGBLANCE TO THAT OF WELL 30G2, THE DIFFERENCES
ARE SIGNIFICANT. [N THE WESTERN AREA, NOT ONLY 1S5 THE RANGE OF WATER~-
LEVEL FLUCTUATIONS OF SMALLER MAGN[TUDE, BUT THE WATER LEVELS REMAIN
MIGH [N THE ALLUVIAL DEPOS!TS, THE PERSISTENTLY HIGH WATER LEVELS REFLECT
THE REDUCED CROSS~SECT!IONAL AREA OF PERMEABLE MATERIALS THROUGH WHICH
THE UNDERFLOW MUST MOoVE. DURING A PROLONGED DROUGHT PER!OD THERE IS SLOW
BUT CONTINUOUS RECHARGE, PRIMARILY FROM THE ALLUVIUM OF THE SanTa CLARA
RIVER NEAR THE SOUTH SIDE OF THE BASIN. THIS EXPLAINS WHY THE WATER-LEVEL
LOWERING OF 1947-51 was LESS THAN IN THE INTERMITTENTLY RECHARGED
ALLUVIAL AREAS WHERE THERE |S HEAVY PUMPING FROM THE SAN PEDRO AQUIFERS.
BECAUSE OF THE STRONG UNDERFLOW COMING FROM THE SANTA CLARA RIVER
ALLuviuM IN 1952 anbD 1958, THE RECOVERY WAS ESSENTI!ALLY COMPLETE} IN
CONTRAST WITH THIS [S THE INCOMPLETE RECOVERY OF WELL 30G2 inN 1952 aND

IN 1958,

THE UNUSUAL HYDROGRAPH OF WELL 4N/18W-29P5 (PLaTE 7) INDICATES
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A DBODY OF GROUND WATER WHICH IS NOT FREELY CONNECTED WITH THE MAIN ALLUVIAL
DEPOSITS. TH!S WELL IS PERFORATED ONLY IN TERRACE DEPOSITS RELATED TO
STREAMS ENTERING THE PIRU BASIN FROM THE SOUTH. DURING THE WET YEARS
1941-4L4 wATER LEVELS REMAINED HIGH, THOUGH REFLECTING HEAVY DRY SEASON
PUMP I NG. [T 1S SUGGESTED THAT DURING THESE YEARS THERE WAS GOOD LATERAL
RECHARGE FROM SATURATED GRAVELS UPSLOPE TO THE SOUTH. DEPLETION COMMENCED
tN 1944 AND GENERALLY HAS CONTINUED TO THE PRESENT. THE RECOVERIES IN
1952 anD in 1958 SHOULD HAVE BEEN BETTER IF WATER HAD BDEEN ABLE TO MOVE
FREELY FROM THE MAIN ALLUVIUM INTO THESE TERRACE GRAVELS. RECOVERIES
DURING A PERIOD OF WET YEARS SHOULD BE CONSADERADLY BETTER.
STORAGE CAPACITY

THE STORAGE CAPACITY OF THE AQUIFER MATERIALS WAS CALCULATED
BY APPLYING UNIT SPECIFIC YJELD VALUES TO THE LITHOLOGIES OBTAINED FROM
WATER WELL LOGS. THE UNIT SPECIFIC YIELD VALUES USED ARE GIVEN IN
TaoLe lf=1, WITHIN GEOLOGICALLY HOMOGENEOUS CELLS, EACH INCLUDING A GROUP
OF WELLS, AVERAGE SPECIFIC YIELD VALUES WERE ASSIGNED TO EAGCH 25-F00OT
INTERVAL BELOW THE MAXIMUM WATER SURFACE, WHI!CH WAS ASSUMED TO HAVE
OCCURRED IN THE SPRING OF 1944, THE sToraGE DeEPLETION curRveE (PLATE 8)
WAS CONSTRUCTED BY RELATING HISTORIC WATER-LEVEL ELEVATIONS OF WELL
4N/18W-30G2 To THE UNWATERED STORAGE CAPACITY DERIVED FROM THE SPECIFIC
YIELD STUuDY. THE WATER SURFACE ELEVATION IN WeLL 30G2 SHOWS A RANGE
FROM A MaxiMuM oF 602 FEET IN THE SPRING OF 1944 To A MINIMUM oF 450 FeerT
IN THE FaLL oF 1951. ASSUMING A FULL BASIN WITH NO AVAILABLE STORAGE
IN THE SPRING oF 1944, THE MAXIMUM STORAGE DEPLETION OCCURRED IN THE
FaLL oF 1951 anp aMounTED To 113,000 ACRE-FEET.

FILLMORE BASIN

BOUNDARIES

THE MIDDLE AND LARGEST UPSTREAM BASIN IN THE UNITED “WATER
ConNsERVATION DiSTRICT == THE FILLMORE BASIN ~~ INCLUDES THE BROAD AREA
ALONG THE SANTA CLARA RIVER EXTENDING FROM A MILE OR SO UPSTREAM FROM
THE CiTy oF FILLMORE DOWNSTREAM ALMOST TO THE CIiTY oF SanTa Paura. THis
BROAD AGRIGCULTURAL AREA S RELATED TO THE JUNCTION OF THE SaNTa CLARA
RIVER WiTH SesPeg CREEK, ITS LARGEST TRIGUTARY. THE FiLLMORE BASIN IS
CONSIDERED TO COINCIDE WITH THE MAJOR AREA BLANKETED BY ALLUVIAL AND

TERRACE DEPOSITS (PLATE 9). THE ALLUVIUM OF THE MINOR TRIBUTARY VALLEYS,

f1-9



—

TABLE 11-1 UNIT SPECIFIC YIELD VALUES

ALLUVIUM

SAN

SAND
SAND & GRAVEL

GRAVEL

BGULDERS

SANDY CLAY _

SOIL, CLAY, & SILTY CLAY
YELLOW CLAY

BLUE CLAY

PEDRO FORMATION

SAND, INCLUDING CEMENTED SAND
SAND & GRAVEL

GRAVEL

GRAVEL & CLAY, CONGLOMERATE
CLAY, SANDY CLAY

%
25
21
18
15

- AN WM

18
16
14

N
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WHERE GROUND WATER STORAGE }S ONLY TEMPORARY, IS NOT CONSIDERED IN THE
DASIN. THE EASTERN BOUNDARY, WHICH TRENDS NORTH=SOUTH, IS PLACED AT THE
TOPOGRAPHIC NARROWING AT THE STATE FisH HaTcHERY. ALONG SeEsPrE CREEK THE
BOUNDARY IS TAKEN AT THE GAGING STATION, WHICH IS THE NORTHERNMOST LIMIT
OF APPRECIABLE THICKNESS 0OF ALLUVIUM. THE WESTERN OR DOWNSTREAM BOUNDARY
IS AN ARBITRARY LINE TRENDING ACROSS THE VALLEY IN AN AREA OF TOPOGRAPHIC
CONSTRICTION AND PERENNIAL RISING WATER. THE REMAINDER OF THE BOUNDARY
OUTLINES THE AREA OF MORE OR LESS PERMANENT GROUND WATER STORAGE. THE
AREA OF THE FiLLMorRE Basin 1s 18,580 acres.

FOR PURPOSES OF COMPUTING RAINFALL PENETRATION, SOME AREAS
BEYOND THE GROUND WATER GASIN ARE INCLUDED. FESPECIALLY [MPORTANT 1S THE
BROAD ALLUVIAL FiLL OF TIMBER CREEK. FLANKING THE BASIN ON THE NORTH,
BUT ONLY WEST oF SesPeE CREEK, IS A LARGE EXPOSURE OF THE San PeDRO
ForRMATION (PLATE 9). THis ouTcroP AREA OF 2080 ACRES 1S NOT INGLUDED
WITHIN THE RAINFALL PENETRATION ZONE, EVEN THOUGH THE SaN PEDRO FORMATION

IN PLACES CONTAINS IMPORTANT AQUIFERS. THE DEDS EXPOSED CONSIST OF ONLY

MiINOR SANDS AND GRAVELS WHICH ARE LARGELY LENTICULAR IN NATURE AND CONTAIN

MUCH CLAY, FURTHERMORE, THE BEDS EXPOSED ARE THE BASAL LAYERS OF THE
FORMATION; FARTHER SOUTH WITHIN THE DASIN THESE BEDS ARE MUGH DEEPER

THAN ANY EXI{STING WATER WELL, IF RAIN WATER WERE TO PENETRATE (NTO THESE
BEDS IT WOULD NOT CiIRCULATE FREELY BECAUSE THERE IS NO REMOVAL OF WATER
FROM THESE BEDS, EITHER TH{OUGH PUMPING OR NATURAL DRAINAGE. THE
ASSIGNED ZONE OF RAINFALL PENETRAT!ON COMPéISEs 19,830 ACRES.

GROUND WATER GEOLOGY '

GENERAL GEOLOGY

THE FILLMORE BASIN CAN BE DIVIDED GENERALLY INTO TWO PARTS.

THE LARGER PORTION, OCCUPYING THE SOUTHERN AND EASTERN PARTS OF THE DBASIiN,

IS COVERED MAJINLY BY THE LATEST SANDS AND GRAVELS OF THE TWO MAJOR STREAMS.

THE SaNTA CLARA RIVER ALLUVIAL DEPOSITS WITH A WESTERLY SLOPE AVERAGING
25-30 FEET PER MILE COVER THE SOUTHERNMOST STRIP OF THE BASINe THE LATE
ALLUVIAL DEPOSITS oF SEsPE CREEK START AT THE NORTHEAST CORNER OF THE
BASIN AND EXTEND SOUTHWESTERLY TO JOIN THE ALLUVI{UM OF THE RIVER. BETWEEN
THESE TWO YOUNG ALLUVIAL. STRIPS IS THE ALLUVIAL FaN. OF PoLE CREEK, ON
WHICH THE CtTY OF FILLMORE IS LOCATED.

THE SMALLER NORTH=-CENTRAL PORTION OF THE FiLLMORE BasIN 1s
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DESIGNATED THE SeEspe UpLanD (PLATE 9); IT LIES NORTH OF THE SanTa CLARA
RIVER ALLUVIUM AND WEST OF THE SESPE CREEK ALLUV!UM. In THE SeEsPe UpPLaAND

THE SURFACE SLOPES ARE PREDOMINANTLY TO THE SOUTH AND THE SURFI{CIiAL

DEPOSITS ARE MAINLY STEEP ALLUVIAL FAN MATERIALS BROUGHT DOWN BY TRIBUTARIES

WHICH RISE IN THE HILLS TO THE NORTH. ESPECIALLY CONSPICUOUS ARE THE
ALLUVIAL FANS FORMED AT THE MOUTHS OF TIMBER CaNYON anD BouLper (LorD)
CANYON. IN THE SOUTHERN PART OF THE SESPE UPLAND IS A PROMINENT GEOLOGIC
STRUCTURE WHICH TRENDS SOUTHWESTERLY FROM SecTion 34, TLN, R20W. THis
UPLIFT OF OLDER ALLUVIUM HAS EFFECTIVELY PREVENTED BOTH SEsSPE CREEK AND
THE SanTa CLara RIVER FROM SWINGING NORTH AND ENCROACHING UPON THE ALLUVIAL
FANS. WesT oF THE TiMBer CANYON FAN, HOWEVER, THIS UPLIFT IN VERY RECENT
TIMES CEASED TO BE A BARRIER, AND THE SANTA CLARA RIVER WAS AGLE TO
SWING NORTH IN SecTion 1, T3N, R21W.

BROADLY SPEAKING THE EX|STENCE OF THE FILLMORE BASIN AS A
LOW=LYING TOPOGRAPHIC AREA CAN BE EXPLAINED CY DIFFERENTI!AL STﬁsAM EROSION
IN A FAULT TROUGH. THE SANTA CLARA RIVER AND SESPE CREEK ARE NOW FLOWING ,
AND FOR SEVERAL HUNDRED THOUSAND YEARS HAVE BEEN FLOWING, ON A SYNCLINALLY
FOLDED STRIP OF SOFT SAN PEDRO SEDIMENTS. THE TERTIARY ROCKS FLANKING
THE FILLMORE BASIN ON THE SOUTH ARE VERY HARD; THESE HAVE BEEN THRUST
OVER THE SAN PEDRO FORMATION ALONG THE Oak Ripce FauLT (Section B-B',
PLaTeE 10). IN LATER GEOLOGIC TIME THE MAIN DRAINAGE HAS BEEN CONFINED

TO THE SOUTHERN PART OF THE DBASIN, THIS ASYMMETRY OF MAIN STREAM FLOW,

"WHICH IS EXPLAINED BY HEAVY TRIBUTARY FLOW FROM THE NORTH AND LOCAL

UPLIFTS WITHIN THE OASIN, HAS EXERTED AN IMPORTANT CONTROL ON THE REQIMEN
OF UNDERGROUND WATERS.

ALLUviAL AQUIFERS

THE ALLUVIAL DEPOSITS WHICH OLANKET THE SaAN PEDRO FORMATION
IN THE FILLMORE BASIN ARE BEST DISCUSSED AS TWO SEPARATE un!Ts: (1) THE
MAIN STREAM ALLUVIUM, AND (2) THE ALLUVIAL BLANKET OF THE SEsPE UPLAND.
IN THE GCHANNEL TO THE SOUTH OF THE STATE Fi1sH HATCHERY, AT THE UPSTREAM
BOUNDARY OF THE FILLMORE BASIN, THE RECENT SANDS AND éRAVELs OF THE SANTA
CLArRA RIVER EXTEND .TO A DEPTH oF 60 FEET aND OLDER ALLUVIAL MATERIALS
ARE FOUND CETWEEN DEPTHS oF 60 anp 100 FEET. FARTHER WEST, IN THE

BARDSDALE AREA, THE TOTAL THICKNESS OF ALLUVIAL MATERIALS MAY DE AS MUCH
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As 120 FEET. STILL FARTHER WEST, AT THE DOWNSTREAM BOUNDARY OF THE BASIN,
THE REGCENT ALLUVIUM IS IN THE RANGE OF 60 To 65 FEET THICK. JUST WEST
OF THE CITY OF FILLMORE THE ALLUVLUM. OF SESPE CREEK 18 GLOSE T6 80 FEET
THICKs THE MATERIALS DEPOSITED BY BOTH THE SANTA CLARA RIVER aAND SespPe
CREEK ARE VERY PERMEABLE, AND WATER SEEMS TO MOVE FREELY THROUGH THESE
BDOTH LATERALLY AND VEﬁTICALLY. ALONG THE SOUTHERN BORDER OF THE BASIN
THE RECENT ALLUVIUM IS [NTERBEDDED W!TH SIDE DEPOSITS SHED FROM SOUTH
MouNTAIN., THESE INCLUDE SOME WELL-DEDDED MATERIALS OF ALLUVIAL FAN ORIGIN
CbNTAiNING PERMEABLE ZONES WHICH ARE NOT HYDROLOGICALLY CONNECTED WI!TH
THE MAIN ALLUVIUM. THERE ARE PRODADLY ALSO AT DEPTH SOME ANCIENT
HETEROGENEOUS LANDSLIDE MATER!ALS INTERBEDODED WITH THE MAIN ALLUVIUM,.
SEVERAL LARGE LANDSLIDES STILL IN EVIDENGE ATTEST TO THE PROBABILITY OF
SUGCH ACTIVITIES IN THE PAST. THE LATERAL DEPOSITS JUST MENTIONED, AS
WELL AS THE MAIN ALLUVIUM, LIE IN PART UPON AN EROSIGONAL BENCH GCUT INTO
THE OLDER ROCKS WHICH WERE THRUST UPWARD BY THE Oak RiDGe FaurLT. THE
"gENCH' REFERS TO ALL THE VALLEY AREA SOUTH OF THE SUB=ALLUVIAL TRACE
OF THE FAULT, AS DELINEATED ON PLATE 9. NORTH OF THE TRACE OF THE FAULT,
THE ALLUVIUM 1S DIRECTLY UNDERLAIN BY THE SaN PEDRO FORMATION.

THE SURFICIAL MATERIALS OF THE SgsPeE UPLAND ARE A COMPLEX OF
TERRACE DEPOS}ITS, OLDER ALLUVIAL FAN DEPOSITS, AND RECENT ALLUVIAL FAN
DEPOSITS RESTING UPON AN EROSIONAL SURFACE CUT ON THE SaN PEDRO FORMATION.
THE OLDER ALLUVIAL DEPOSITS HAVE BEEN DISTURBED BY SCME LATE, BUT PRE~-
RECENT, FOLDING OR FAULTING. AN OBVIOUS RESULT OF THIS LATE DISTURBANCE
IS THE STRUCTURAL RIDGE WHICH TRENDS SOUTH-WESTERLY FROM SeEcTion 34, TL4N,
R20W. A GO0OD EXPOSURE OF THE TILTED LAYERS MAY BE SEEN ON THE BLUFF
ALONG THE WEST LINE OF SEGTior 34 a FEW HUNDRED YARDS NORTH OF TELEGRAPH
Roab. TO THE SOUTHMWEST THE RIDGE WAS NOT SO HIGH AND IT HASlDEEN
OVERWHELMED BY YOUNG FAN DEPOSITS SUPPLIED FROM THE NORTH. THE OLDER
ALLUVIAL DEPOSITS OF THE SESPE UPLAND CONTAIN LARGE QUANTITIES OF CLAY,
AND FROM WELL LOGS THE SHARP NORTHERN BDOUNDARY OF THE RECENT ALLUVIUM
IS EASILY TRACED WESTWARD FROM THE EAST LINE OF SecTion 34, T4N, R20W.
FROM THE INFORMATION AVAILABLE, IT APPEARS THAT THE RECENT ALLUVIUM WAS
BACKFILLED ALONG A SGCARP CUT IN CLAYEY DEPOSITS OF OLDER ALLUVIUM
(Section C=C', PLaTe 10). IN THE SeEsPE UPLAND THE WELL LOGS DO NOT

PERMIT A READY SEPARATION OF THE VARIOUS STAGES OF ALLUVIAL FIlLL, AND
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THESE NECESSARILY MUST BE GROUPED TOGETHER. AS A GROUP THESE ALLUVIAL
DEPOSITS REST UPON AN ERODED SURFACE, CUT ON THE SAN PEDRO FORMATION,

AND WITH A STEEP SOUTHERLY SLOPE. RUNOFF FROM THE NORTH .1S AOLE TO
PERCOLATE DOWNWARD TO THE DBASE OF THE ALLUVIAL BLANKET WHERE IT THEN FLOWS
JUST ABOVE THE UNCONFORMITY. SOME OF THE VERY EARLY PUMPING WAS FROM

PITS OR SHAFTS AS MUCH AS 170 FEET DEEP. |IT 1S SUGGESTED THAT THESE SHAFTS
WERE CONTINUED UNTIL THE BASAL ALLUVIAL WATER WAS ENCOUNTERED. BECAUSE

OF THE INDICATED STEEP SLOPE ON THE UNCONFORMITY, WHICH CAUSED A FREE
DRAINAGE TO THE SOUTH, IT IS DOUBTFUL THAT THE WATER TABLE IN THE ALLUVIAL
DEPOSITS WAS ABLE TO BUILD UP MUCH MORE THAN 10 orR 20 FEET ABOVE THE
UNCONFORMITY.

SaAN PeEbro ForMATION

THE SaN PEDRO FORMATION UNDERL{ES PRAGTIGALLY ALL OF THE
FiLimore Basin. THE BASIN EXISTS, IN FACT, BECAUSE THE SaANTA CLARA
Rtver anD Sesre CREEK WERE ABLE TO ERODE MORE QUICKLY ON THE SOFT,
DOWNFAULTED SAN PEDRO SEDIMENTS THAN ON THE OLDERs HARDER ROCKS WHICH
FLANK THEM., THE FILLMORE BASIN OCCUPIES A PORTION OF THE EXTENSIVE EAST-
WEST SYNCLINE COMPRESSED BETWEEN TwWO HUGE THRUST FAULTS., ON THE SOUTH
1s THE Oak RIDGE FAULT WHOSE TRACE IS NO LONGER VISIBLE. STRONG LATERAL
EROSION BY THE SanTA CLARA RIVER CAUSED A SOUTHWARD RETREAT OF THE FAULT
SGARP AND THE TRAGCE 1S NOW COVERED BY ALLUV}JUM. THOUGH BURIED, THE FAULT
HAS IN PLACES DEEN ACCURATELY LOCATED. THE [Rwin BErRYLwooD #4 oiL weLL
IN THE SW1/4, Section 1, T3N, R20W REACHED THE FAULT PLANE AT A DEPTH OF
3700 FeET. THE Texas BasoLo #1 0oiL WELL, NEAR THE SOUTHEAST CORNER OF
Sectton 31, T4N, R19W ALSO PENETRATED THE FAULT PLANE == AT A DEPTH OF
2355 FEET. IN DOTH WELLS THE DRILL PENETRATED ALLUViIUM, THEN THE SESPE
ForRMATION (EOCENE), AND THEN BENEATH THE HIGH=ANGLE SOUTH=D[PPING REVERSE
FAULT, THE SAN PEDRO FORMATION. THE STRUCTURAL CONDITIONS ARE SHOWN ON
SecTion B-B' oF PLaTeE 10,

THE NORTHERN THRUST FAULT == THE San CAYETANO FAuLT == 1S
CLOSE TO THE BASIN DOUNDARY ONLY IN THE EASTERN PART OF THE OASIN, WHERE
ITS STEEP SCARP APPEARS IN THE NORTHEASTERN PART OF THE CiTYy oF FILLMORE.
SEVERAL O!L WELLS ALONG TH!S SCARP WERE DRILLED INTO THE San PEDRO
FORMATzo& AFTER HAVING PASSED THROUGH THE MobeLo ForRMaTION (MiocenE).

THE FAULT TRACE HERE IS ALSO VENEERED WITH ALLUVIUM, AND 1S PROBABLY VERY
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CLOSE TO THE BASE OF'THE SCARP. THE San CaYETANO FAULT 1S EXPOSED AT
THE SURFACE JUST WEST o? SeEspe CREEK NEAR THE NORTHERN TIP OF THE BASIN,
AND TO THE WEST THE FAULT OUTCROP RISES TO HIGH ELEVATIONS AND 1S EXPOSED
CONTINUOUSLY. FLANKING THE SESPE UPLAND ON THE NORTH IS A STRIP OF SaAN
PEDRO OUTCROPS. BETWEEN THOSE AND THE SAN CAYETANC FAULT ARE EAST-WEST
OUTCROP DELTS OF THE SANTA BARBARA FORMATION AND THE Pico FORMATION. THE
EXPOSED BASAL SAN PEDRO LAYERS, STRIKING GENERALLY PARALLEL TO THE NORTHERN
BOUNDARY OF THE BASIN, SHOW SOUTHERLY DiPs OF 50 DEGREES OR LESS ALONG
SANTA PauLA CREEK, BUT THE DIPS STEEPEN TOWARD THE EAST, AND IN PLACES
ARE VERTICAL OR OVERTURNED.,

WITHIN THE STRUCTURAL FRAMEWORK DESCRIBED, THE MAIN FEATURE
OF THE SAN PEDRO FORMATION IS AN EAST~-WEST SYNCLINE. A MINOR STRUCTURE
—= AN UPLIFT DUE TO ANTICLINAL FOLDING, OR FAULTING == |S REFLECTED AS
THE PREVIOUSLY MENTIONED RIDGE WHICH TRENDS WESTERLY FROM THE PROMINENT
HiLL IN SeEcTioN 34, THN, R20W. THiIS LAST FEATURE WAS FORMED AT A TIME
MUCH LATER THAN THE MAIN FAULTING.

ALONG THE AXIS OF THE SYNCLiNE IN THE FiLLMORE BASIN THE BASE
OF THE SAN PEDRO FORMATION IS AT GREAT DEPTH (SecTion A-A', PLaTE 10).
WESTERLY FROM A SLIGHT ARCH DENEATH THE STATE FisH HATCHERY THE BASE DROPS,
AND NEAR THE BARDSDALE BRIDGE REACHES A DEPTH ofF 8430 FEeT. THE ELECTRIC
LOGS OF OiL WELLS NEAR THE BARDSDALE BRIDGE INDICATE FAI!RLY FRESH WATERS
AT DEPTHS OF AS MUCH AS 7000 FEET. WESTERLY FROM THE BaARosDALE BRiDGE
THE BASE oF THE SAN PEDRO FORMATION CLIMBS AND AT THE LOWER DBASIN BOUNDARY
IS AT A DEPTH ofF 5000 To 6000 FeeT.

SOURCES OF RECHARGE

THE FirLLMORE BASIN IS RECHARGED PRIMARILY BY PERCOLATION OF THE
SURFACE FLOWS IN THE SANTA CLARA River anND IN Sesre CREEk. IN THE SESPE
UPLAND THE REGCHARGE IS FROM PERCOLATION OF THE SURFACE FLOWS COMING FROM
THE NORTH, ESPECIALLY TIMBER CREEk AND BouLper (Lorp) CREEK. A SMALL
PORT!ON OF THE PERCOLATI{ON RECHARGE HAS ITS ORIGIN IN RUNOFF FROM SOUTH
MOUNTAIN. A LARGE QUANTITY OF RECHARGE IS DERIVED FROM THE PENETRATION

OF RAINFALL ON THE ALLUVIATED PORTION OF THE BASIN. PERHAPS THE MOST

PERSISTENT SOURCE OF RECHARGE }S THE UNDERFLOW WHI!CH ENTERS THE FJILLMORE

BasSIN FROM THE EAST, THROUGH BOTH THE ALLUVIAL DEPOSITS AND THE SaAN

PEDRO FORMATION. ANOTHER SIGNIFICANT INCREMENT TO GROUND WATER IS THE
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EFFLUENT FROM THE CITY oF FILLMORE SEWAGE TREATMENT PLANT. THE TREATMENT
PLANT IS ONLY ABOUT TWO YEARS OLDj; PRIOR TO ITS CONSTRUCTION AN EQUIVALENT
VOLUME OF WATER WAS GONTRIBUTED THROUGH INDIVIDUAL CESSPOOLS AND SEPTIC
TANKS. LEAKAGE INTO THE ALLUVIUM FROM THE OLD ROCKS OF SOUTH MOUNTAIN

1S NOT CONSIDERED SIGNI!FICANT.

BASIN QUTFLOW

AT THE LOWER DASIN BOUNDARY, WHERE THE MAIN ALLUVIUM AND

PROBABLY ALSO THE MAJOR PERMEABLE ZONES IN THE SAN PEDRO FORMATION ARE
CONSTRICTED IN CROSS~SECT!IONAL AREA, THERE [S A FAIRLY CONSTANT UNDERFLOW
INTO THE SANTA PaurLa Basin. MoORE OF THE WATER, THOUGH, IS FORCED TO

THE SURFACE AND LEAVES THE GROUND WATER BASIN AS RISING WATER. UNLIKE
THE INTERMITTENT RISING WATER WHICH ENTERS THE FILLMORE BASIN, THE RISING
WATER WHICH LEAVES IS PERENNIAL, ALTHOUGH IN LATE 1951 THE FLOW DROPPED
TO AS LOW AS 3 CUBIC FEET PER SECOND. [N THE AREA OF HIGH WATER LEVELS
NEAR THE LOWER DASIN BOUNDARY, RISING WATER IS DIVERTED, AND WATER IS

PUMPED FROM THE SanN Pebro FORMATION; THESE WATERS ARE TRANSPORTED WESTERLY
FOR USE IN THE SANTA PauLa Basin,

MOVEMENTS OF UNDERGROUND WATER

WATER MOVES THROUGH THE ALLUVIUM OF THE SANTA CLARA RIVER FROM
EAST TO WEST. IN THE ALLUVIUM cF SeEsPreE CREEK THE WATER MOVES FROM NORTH-
EAST TO SOUTHWEST AND MINGLES W!TH THE WATER IN THE MAIN RIVER ALLUVIUM.
BeENEATH THE SESPE UPLAND GROUND WATER MOVEMENT [S PREDOMINANTLY TO THE
SOUTH AND DOWNSLOPE, ALTHOUGH WEST OF FILLMORE AND NEAR THE LOWER BASIN
BOUNDARY THE MOVEMENTS ARE SOUTHWESTERLY. THE TYPICAL PATTERN IS SHOWN
WHEN THE BASIN IS FULL AS IN THE SPRING oF 1944, OR FOLLOWING HEAVY
RECHARGE AS IN THE SPRING oF 1958 (PrLaTe 11).

AT TIMES OF LCW WATER LEVELS (FALL, 1957, PrLaTEe 11), THE
PATTERN IS GENERALLY SIMILAR, ALTHOUGH DIFFERING IN DETAILS. WATER FLOWS
OUT OF, OR IS PUMPED OUT OF THE ALLUVIUM BENEATH SECTION 31 SOUTH OF
FILLMORE FASTER THAN IT IS SUPPLIED FROM PIRU BASIN, AND 4 STEEP WATER=-
LEVEL GRADIENT SHOWS IN SECTION 32. OTHERWISE, THERE IS A FAIRLY UNIFORM
SLOPE OF THE WATER.TABLE IN THE MAIN RIVER ALLUVIUM. By THE FaLL oF 1957
THE WATER IN THE ALLUVIAL FAN AND TERRACE MATERIALS OF THE SeEsPeE UPLAND
HAD DRAINED AND LOCAL PUMFPING HAD CAUSED DEPLETION OF SOME OF THE SaN

PEDRO AQUIFERS. SUCH A DEPLETION AREA SHOWS (N THE NORTHWESTERN PART OF
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Section 5, T3N, R20W. DURING YEARS OF HEAVY RUNOFF THERE IS CONSIDERABLE

PERCOLATION OF THE STREAMFLOW COMING FROM THE NORTH. AFTER PERCOLATING

"TO THE UNDERGROUND THE WATER FLOWS SOUTHERLY WITHIN THE BASAL ALLUVIAL

FAN DEPOSITS., A PART OF THIS WATER PROBAOLY REACHES THE MAIN RIVER
ALLUVIUM. A PART ALSO DRAINS INTO THE PORTIONS OF THE TRUNGCATED SOUTH=
DIPPING SAN PEDRO AQUIFERS WHICH HAD DEEN DEWATERED BY PUMPING DURING
THE PREVIOUS DRY YEARS. THE VOLUME DEWATERED {S SMALL AND FILLS QUIGKLY
AS RECHARGE OCCURS. FOLLOWING A SINGLE WET YEAR SUGH AS 1951—52 THE WATER
RECHARGED TO THE ALLUVIAL FAN DEPOSITS QUICKLY DRAINS DOWNSLOPE OR INTO
THE DEWATERED PORTIONS OF THE SanN PEDRO .AQUIFERS] IN A YEAR OR TWO THE
ALLUVIAL FAN DEPOSITS ARE AGAIN DRY.

WITHIN THE SAN PEDRO FORMATION, WATER MOVEMENTS BENEATH THE
SeEsPE UPLAND ARE SOUTHERLY IN THE DOWND!P DIRECTION, BUT IN ADDITION
THERE MUST BE SOME WESTERLY COMPONENTS OF FLOWe NEAR THE AX!S OF THE
SYNCLINE, BENEATH THE MAIN RIVER ALLUVIUM, WATER MOVEMENTS IN THE PERMEADLE
LAYERS IN THE UPPER PART OF THE SAN PEDRO FORMATION ARE PRIMARILY
WESTERLY, AND APPEAR TO BE CONTROLLED BY THE WATER=TADBLE SLOPE IN THE
MAIN RIVER ALLUVIUM.

SMALL NORTHERLY FLOWS OGCCUR IN THE TERRACE GRAVELS FLANKING
SouTH MOUNTAIN. THE WATER IN THE SHALLOWER PERMEADLE ZONES PROBABLY
RATHER EASILY REACHES THE MAIN RIVER ALLUVIUM, BUT {N THE OEEPER PERMEABLE

ZONES OF THE TERRACE DEPOSITS THE HYDROLOGIC CONTINUITY IS RESTRICTED.

FLUCTUATICONS OF WATER LEVELS

THE PERIODIC EFFECTS OF A SERIES OF WET YEARS ALTERNATING WITH
A SERIES OF DRY YEARS ARE GRAPHICALLY DEPICTED ON THE HYDROGRAPHS OF
WELLS 1IN THE FiLLMORE BAsiIN. THE LOWERING OF WATER LEVELS DURING DROUGHT
PERIODS HAS BEEN ONLY A FEW TENS OF FEET., IN WET PER10DS, RECOVERY IS
RAPID AND FA!RLY COMPLETE,

THE HYDROGRAPHS OF weLLS 3N/20W-10F1 anbp 4N/19W-31E1 ARE
CHARACTERISTIC OF WATER-LEVEL FLUCTUATIONS IN THE SanTa CLARA RIVER
ALLUVIUM IN THE FILLMORE Basin. WeLe 31E1 (PLaTeE 12) TYPIFIES THE LARGER

FLUCTUATIONS OF WATER LEVELS IN THE UPSTREAM PORTI{ON OF THE BASINy WHERE

.THE. MAX.IMUM RANGE HAS. DEEN. ON THE ORDER OF 50 FEET. -THE HIGHEST WATER

LEVEL FOLLOWING THE HEAVY RECHARGE OF EaRrRLY 1952 wAS NOT REACHED UNTIL

EARLY N 1953. THE SAME TYPE OF RESPONSE CAN BE NOTED IN WELLS AT THE
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PLATE (2

DATUM

U.5.G6.5.
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IN
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LOWER END OF THE PIRU BaAasiN. THE ONSET OF PUMPING FROM WELLS [N THE

SUMMER OF 1952 CAUSED A MINOR DEPRESSION IN WHAT WOULD OTHERWISE HAVE

DEEN A.SINGLE REGCHARGE PEAK. THE 600D, BUT INCOMPLETE RECOVERY IN 1952

AND 1§53 lNoiéATEs THA+ A SINGLE VERY WET YEAR WILL NOT FILL THE GROUND
WATER BASIN TO CAPACITY.,

THE STRONG MOVEMENT OF WATER WESTERLY TOWARD THE LOWER OASIN
BCUNDARY cAUSES (1) PERENNIAL RISING WATER, (2) HIGH WATER LEVELS, AND
(3) sMALL FLUCTUATIONS IN WATER LEVELS. ALTHOUGH WELL 10F1 1s SEVERAL
MILES ABOVE THE LOWER OASIN BOUNDARY, THE HYDROGRAPH (PLATE 12) REFLEGTS
THE STABILITY OF WATER LEVELS, THOUGH NOT TO THE FULL DEGREE, THAT WOULD
BE EXPECTED AT THE LGCWER BASIN GOUNDARY. AT weLL 10F1 THE ToTaL
FLUGTUATION IS ONLY ABOoUT 20 FEET; FURTHERMORE, RECOVERY IS QUICKER AND
MORE NEARLY COMPLETE THAN UPSTREAM WHERE THE EFFECTS OF THE ALLUVIAL
CONSTRIGCTION ARE NOT SHOWN.

ALONG THE SOUTH SIDE OF THE FILLMORE BASIN THE POOR RECHARGE
IS REFLECTED IN THE SHARPER DROPPING OF WATER LEVELS DURING THE DROUGHT
PERIODS AND THE SLOW, INCOMPLETE RECOVERY FOLLOWING A SINGLE WET YEAR.
Werr 3N/19W-5D1 (PLaTe 12) s PERFORATED IN CONFINED TERRACE GRAVELS
DEPOSITED FROM SOUTH MOUNTAIN STREAMS. WITH PUMPING, THESE GRAVELS ARE
DRAINED DURING DROUGHT PERIODS, AND ALTHOUGH THERE 1S SATURATED MAIN
RIVER ALLYUVIUM NEARDY, RECHARGE FROM THAT SOURGCE IS SLOW OR IMPOSSIDLE
AND THE PUMPING CAUSES A SHARP DROP IN THE WATER LEVELS. REPLENISHMENT
1S MAINLY IN WET YEARS, AND FROM THE SOUTH.

WELLS (N THE SeEsPE UPLAND SHOW A VARIETY OF WATER-LEVEL
RESPONSES. AS DESCRIBED AGOVE, THERE 1S A GROUP OF ALLUVIAL FAN AND
TERRACE DEPOSITS LYING ON A SOUTH-SLOPING SURFACE ERODED ON soﬁTH—
DIPPING LAYERS OF THE SAN PEDRO FORMATION. FOLLOWING WET YEARS, RECHARGE
WATER MOVES DOWNWARD TO THE UNCONFORM!ITY AND PRODUCES A FREE WATER TAOLE
NEAR THE DBASE OF THE. ALLUVIAL DEPOSITS. FREE DOWNSLOPE DRAINAGE COUPLED
WITH RECHARGE TO THE DEWATERED PORT!ONS OF THE SAN PEDRO FORMATION CAUSES
A NEARLY COMPLETE DEWATERING OF THE ALLUVIAL DEPOSITS. In werLL 3N/20W-
51 (PLAaTE 12) THE BASE OF THE ALLUVIAL DEPOSITS 18 AT AN ELEVATION OF
ADOUT 307, WHEN THE ALLUVIAL DEPOSITS HAVE BEEN DRAINED AND THE
CONTINUING PUMPAGE EXTRACTS ONLY FROM CONFINED AQUIFERS IN fHEHSK& Pebro

FORMATIONy, THE WATER LEVELS DROP SHARPLY. SlMlLARLY, WHEN PUMPING CEASES,
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THERE IS A SHARP PRESSURE RECOVERY TO ABOUT THE BASE CF THE ALLUVIAL
BLANKET, BUT NOT MUCH ABOVE THE DASE.

STORAGE CAPACITY

THE STORAGE CAPACITY OF THE GROUND WATER BASIN WITHIN THE ZONE
OF HISTORIC WATER~TABLE FLUCTUATIONS WAS CALCULATED DY APPLYING UNIT
SPECIFIC YIELD VALUES TO THE LITHOLOGIES OBTAINED FROM WATER WELL LOGS.
THE UNIT SPECIFIC YIELD VALUES ARE GIVEN IN TacLE H1-1. WITHIN
GEOLOGICALLY DISTINCT CELLS, EACH INCLUDING A GROUP OF WELLS, AVERAGE
SPECIFIC YIELD VALUES WERE ASSIGNED TO EACH 25-F00T INTERVAL BELOW THE
HIGHEST WATER=-TABLE SURFACE, WHICH OCCURRED IN THE SPRING oF 194k, THe
STORAGE DEPLETION CURVE (PLATE 8) WAS CONSTRUGCTED BY RELATING HISTORIC
WATER-LEVEL MEASUREMENTS OF WELL U4N/19W~31E1 To THE UNWATERED STORAGE
CAPACITY DERIVED FROM THE SPECIFIC YIELD STUDY. THE WATER-SURFACE
ELEVATION IN WELL 31E71 SHOWS A RANGE FROM A MAXIMUM OF 412 iN THE SPRING
oF 1944 To A MiIniMuM oF 364 iN THE FaLL ofF 1951. MAXIMUM STORAGE DEPLETION,
IN THE FaLL oF 1951, was acouT 80,000 ACRE~FEET.

SANTA PAULA BASIN

BOUND..R1ES

THE SanNTa PauLa BASIN INCLUDES THE OROAD AREA ALONG THE SANTA
CLaRA RIVER EXTENDING FROM EAST OF SaNTA PAULA TO THE VICINITY OF SaTicCOY.
SanTa PauLa CREEK, A MAJOR TRIBUTARY OF THE SANTA Coara RIVER, JOINS THE
MAIN STREAM NEAR THE EASTERN DOUNDARY OF THE BASIN, SEVERAL OTHER SMALLER
TRIBUTARIES FLOW INTO THE DASIN FROM THE NORTH, THE MORE IMPORTANT BEING
FacaN, ADams, WHEELER AND ALiIso CREEKS.

THE AREA COVERED BY THE SaNTa PauLa Basin 1S CONSIDERED TO
COINCIDE WITH THE ALLUVIAL AND TERRACE DEPOSITS ALONG THE SANTA CLARA
RIVER AS SHOWN ON PLATE 13. THE EASTERN DBOUNDARY IS ARBITRARILY PLACED
AT THE TOPOGRAPH|C AND HYDROLOGIC CONSTRICTION WHILCH EXISTS ABOUT ONE
MILE EAST OF THE CtTy oF SaNTa Paura. THE BASIN IS EXTENDED UP THE VALLEY
oF SaNTa Paura CREEK TO THE ALLUVIUM=COVERED GEOLOG!C CONTACT CETWEEN
THE PERMEABLE San PEDRO FORMATION AND THE UNDERLYING, NONWATER-BEAR!NG
SANTA BARﬁARA FORMATION. THE ALLUVIUM OF THE MINOR TRI!IDBUTARY VALLEYS
IS COGNSIDERED TO GE OUTSIDE OF THE AREA OF MCRE OR LESS PERMANENT GROUND
WATER STORAGE. THE WESTERN DASIN DOUNDARY CONSISTS OF THREE ParTs: (1)

A REACH OF CONSTRICTED RECENT ALLUVIUM AND RISING WATER; (2) A FAULT WHICH

[1-18
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PRODUCES A SHARP BREAK IN WATER LEVELS, AND (3) A TOPOGRAPHIC DIVIDE. As

SO DEFINED, THE AREA OF THE SANTA PauLa BasInNn 1s 12,980 acres. FOR PURPOSES
OF -COMPUTING RA1NFALL~PENETBAW+QN;Wﬂ"SOMEWH#T“&ARGERWAREA“QF“T438@5'AQRES'W“
ts used (PLATE 13). THE ADDITIONAL AREA CONSISTS OF NORTH=SIDE ALLUVIATED
TRIBUTARY VALLEYS, AND LOW-LYING TERRACES SOUTH OF THE SANTA CLARA RIVER.
RAINFALL PENETRATION IS ASSUMED TO OCCUR ONLY ON THOSE PORTIONS OF TRIDUTARY
ALLUVIUM UNDERLAIN BY SaN PEDRO STRATA, WHICH CROP OUT ON THE NORTHERN
FLANKS OF THE SANTA PauLA Basin. THE San PEDRO OUTCROP ZONE IS EXCLUDED
FROM THE RAINFALL PENETRATION AREA BECAUSE (1) THE COARSE DEDS ARE
LENTICULAR AND CLAYEY; AND (2) THE LAYERS EXPOSED BiP To THE SOUTH AND ARE
DEEPER THAN THE WATER WELLS IN THE BASIN.

GROUND WATER GEOLOGY

GENERAL GEOLOGY

THE SANTA PauLA BASIN CAN BE DIVIDED INTO TWO GENERAL AREAS. A
ZONE OF RECENT ALLUVIATION FOLLOWS THE PRESENT COURSE OF THE SanTa CLARA
RIVER AND 1S RESTRICTED TO THE SOUTHERN PORTION OF THE BASIN. THE ALLUVIAL
SANDS AND GRAVELS RANGE FROM 60-80 FEET THICK AND HAVE A WESTERLY SURFACE
sLope oF 20-25 FEET PER MiLE. THE LARGER PORTION OF THE BASIN LIES NORTH
OF THE STR!P OF SanNTA CLARA RIVER RECENT ALLUVIUM. THE SURFACE SLOPES ARE
PREDOMINANTLY TO THE SOUTH AND THE SURFIGCIAL MATERIAL CONSISTS MOSTLY OF
FINE-GRAINED ALLUVIAL FAN DEFOSITS CARRIED INTO THE DBASIN BY THE
TRIBUTARY STREAMS COMING FROM THE NORTH. [IHE FANS WERE DEPOSITED ON AN
EROSIONAL SURFAGE CUT ON THE SaN PEDRO FORMATION.,

THE TOPOGRAPHIGALLY LOW AREA OCCUPIED BY THE SanTa PauLa Basiw
WAS DEVELOPED DY SANTA CLARA RIVER EROSION ALONG THE AXIS OF A SYNGCLINALLY
FOLDED BELT OF RELATIVELY SOFT SaN FEDRO SEDIMENTS. THE TERTIARY ROCKS
FLANKING THE BASIN ON THE SOUTH HAVE BDEEN THRUST OVER THE SaN PEDRO
FORMATION ALONG THE Oak Riboee FaurLt (SecTion B-B', PLaTe 14). THe
ALLUVIAL BOUNDARY ALONG TAEVSOUTHERN EDGE OF THE BASIN CLOSELY COINCIDES
WITH THE BURIED TRACE OF THE FAULT. THE SaANTA BaArRBARA AND FiCO FORMATIONS
UNDERLIE THE SAN PEDRO FORMATION ON THE NCRTHERN LIMB OF THE SYNCLINE.

ALLUVIAL AQUIFERS

THE ALLUVIAL DEPOSITS WHICH OLANKET THE SanTa PauLa BasiN ARE .
oF Two Types: (1) THE MAIN RIVER RECENT aLLuviuM; aAND (2) THE REGENT AND

OLDER ALLUVIAL FAN DEPOSITS DERIVED FROM THE NORTHa. THE RELATIONSHIPS OF
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THE ALLUVIAL DEPOSITS ARE SHOwN IN SecTion C~C', Prate 1k,
BENEATH THE SANTA CLARA RIVER, IN THE VICINITY OF WILLARD BRIDGE,

COARSE SANDS AND GRAVELS EXTEND TO A DEPTH OF 60 T0 65 FEET. DOWNSTREAM

THE RIVER DEPOSITS MAY REACH A MAXIMUM OF SLIGHTLY MORE THAN 80 FEET THICK,

AND AT THE LOWER DBASIN BOUNDARY RECENT ALLUVIUM 1S ABOUT 75 FEET THICK.
THE ALLUVIAL MATERIAL UNDER THE NORTHERN PORTION OF THE BASIN
i{s A COMPLEX OF TERRACE DEPOSITS, OLDER ALLUVIAL FANS AND MINOR RECENT
ALLUVIUM. THE OLDER ALLUVIAL FAN DEPOSITS GONTAIN CONSIDERABLE QUANTI!TIES
OF CLAY IN THE UPPER PART, BUT PRIMARILY GRAVELS IN THE LOWER PART. THESE
BASAL GRAVELS TRANSMIT LARGE QUANTITIES OF RECHARGE TO THE UNDERLYI|NG
SaN PEDRO AQUIFERS. THE MAXIMUM THIGKNESS OF THE OLDER ALLUVIiAL DEPOSITS
APPROACHES 300 FEET. THE MAIN RIVER RECENT ALLUVIUM WAS APPARENTLY
BACKFILLED ALONG A SCARP CUT INTO THE CLAYEY UPPER PORTION OF THE OLDER
aLtuvium (SecTion C=C', Prate 14), |
SiAN PEDRO FORMATION
THE SAN PEDRO FORMATION UNDERLIES THE ALLUVIUM OF THE SANTA
PauLa BAasIN NORTH oF THE Oak RIDGE FAULT. STRONG LATERAL EROSION BY THE
SANTA CLARA RIVER HAS CAUSED A SOUTHWARD RETREAT OF THE FAULT SCARP AND
THE TRACE OF THE FAULT IS NOW COVERED BY ALLUVIUM. SouTH ofF THE 0Oak
Ripge FAULT ARE EXPOSED TERTIARY ROCKS OF THE SeEsPE, VYaqueros, MopELO,

Pico, AND SANTA BARBARA FORMATIONS. THESE ROCKS ARE CONSIDERED TO BE

NONWATER—-BEARING, ALTHOUGH SUFFICIENT PERMEABILITY EXISTS IN THE COARSER

STRATA TO ALLOW SMALL QUANTITIES OF POOR QUALITY WATER TO CI{RCULATE.
THE SAnN PEDRO FORMATION HAS DEEN FOLDED [NTO AN EAST-WEST
SYNCLINE WITH THE AXIS LYING NORTH OF THE PRESENT COURSE OF THE SaNTA CLARA
RiveER. THE NORTH=DIPPING OR OVERTURNED SOUTH LIMB OF THE FOLD WAS FORMED
BY. DRAG ALONG THE OAK RIDGE FAULT, AND THE TRUNCATED EDGES OF THE UPTURNED
AQUIFERS ARE EXPOSED TO THE OVERLYING ALLUVIUM. /ALONG THE AXIS OF THE
SYNCLINE AT THE EASTERN DBOUNDARY OF THE 3ASIN, SAN PEDRO SANDS AND GRAVELS
REACH A MAXIMUM DEPTH OF ADOUT 6000 FEET AND ARE UNDERLAIN BY (MPERMEABLE
SHALE OF THE SANTA BARBARA FORMATION. AS SHOWN IN SeEcTioN A=-A' oF PLATE
14, THE BASE OF THE SAN PEDRO FORMATION APPEARS TO RISE SLIGHTLY TOWARDS
THE WEST AND IN THE VICINITY OF THE SanTa PauLa~MOUND BASIN BOUNDARY IT
IS PROBABLY NO MORE THAN 4000 FEET DEEP. FLANKING THE DBDASIN ON THE NORTH

1S A WIDE STRIP OF SAN PEDRO OUTCROPS. THE EXPOSED BasaL SAN FEDRO LAYERS,
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STRIKING GENERALLY PARALLEL TO THE NORTH BOUNDARY OF THE BASIN, SHOW
SOUTHERLY DIPS OF ABouT 50 DEGREES AT THE MOUTH OF SaANTA PauLa CREEK; THE
DIP ANGLES BEGOME LESS TO THE WEST. IN THE ViGINITY OF THE SaANTA PauLa-
MOUND BASIN BOUNDARY SAN PEDRO STRATA HAVE 15-25 DEGREE SOUTHERLY DIPS.

/\ COMPLEX STRUCTURAL PATTERN OF FOLDING AND FAULTING EXI!STS IN
THE SOUTHWESTERN PORTION OF THE DASIN NEAR THE To¢WN OF SaTicoy. THESE
STRUCTURES ARE RELATED To THE OaAak RIbpGgeE FauLT. THERE IS NO EVIDENCE THAT
THE RECENT ALLUVIUM GF THE SanTa CLARA RIVER HAS BEEN DISTURBED BY THIS
FAULTING AND SO THE LATEST MOVEMENTS AGE BELIEVED TO HAVE TAKEN PLAGE IN
THE VERY LATE PLEISTOCENE. AT LEAST TwO FAULTS €AN BE RECOGNIZED, AND
THERE MAY BE SEVERAL MORE. THE CouNTrRY CrLut FaurT (PLATE 13) TRENDS A
LITTLE SOUTH OF WEST. T[HE VERT)CAL-DISPLACEMENT SHOWN BY THE DBASE OF THE
San PEDRO FORMATION MAY BE AS MUCH As 2000 FEeT. THE FRACTURE CAN NOT BE

DETECTED IN THE MouND BASIN AND THE THROW |S ASSUMED TO DECREASE TO THE

WEST. FAULT MOVEMENTS CCNTINUED UNTIL THE VERY LATE PLEISTOCENE AS SUGGESTED

BY SURFACE EXPOSURES WHICH CAN BE TRACED ON AERIAL PHOTOGRAPHS ACROSS THE
SaTicoy CoUNTRY CLUB AND FOR SOME DISTANCE TO THE WEST. DI!SPLACEMENT OF
THE BASAL UPPER PLEISTOCENE AQUIFERS HAS CAUSED A SHARP DBREAK IN WATER
LEVELS ACROSS THIS LINE. FLOWING WELLS AT SATICOY APPEAR TO BE RESTRICTED
TO THE NORTHERN (DOWNTHROWN) SIDE OF THIS FAULT. THE FAMOUS ANCIENT
INDIAN SPRINGS AT SAT!ICOY AND THE AREA OF ALKALINE SOIL SHOWN ON THE SOIL
mMaP (REF. 7) ARE PROBABLY RELATED TO THE SAME ARTESIAN PRESSURE. THE
SaTticoy FaurLt (PLaTe 13), TRENDING MORE TOWARD THE SOUTHWEST, IS USED AS
PART OF THE BASIN BOUNDARY. ON THE SOUTH SIDE THE SANTA BarRBARA AND SAN
PEDRO FORMATIONS HAVE DBEEN LIFTED IN PLACES TO WiTHIN 100 FEET OF THE
PRESENT GROUND SURFACE. THE VERTICAL DISPLACEMENT APPEARS TO DECREASE {N
A WESTERLY DIRECTICN ALSO. THE SATIcOoY FAULT IS MARKED DY A SHARP DREAK
IN WATER LEVELS.
SOURCES OF RECH/RGE

THE SANTA PauLA BASIN IS RECHARGED PRIMARILY BY STREAM PER-
CCLATION OF THE SURFACE FLOWS IN THE SaNTA CLARA RIVER AND SanTa PaurLa
CREEK. A MUCH SMALLER QUANTITY (S CONTRIBUTED GY PERCOLATION OF
TRIBUTARY SURFACE FLOWS COMING FROM THE NORTHa A SI1ZEABLE INCREMENT TO
GROUND WATER STORAGE |S DERIVED FROM THE DEEP PENETRATION OF RAINFALL ON

THE ALLUVIATED PORTION OF THE BASIN. UNDERFLOW THROUGH THE ALLUVIUM AND
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THE SAN PEDRO FORMATION FROM FILLMORE BASIN IS A LARGE AND PERSISTENT
SOURCE OF RECHARGE. /LL OF THE EFFLUENT FROM THE CIiTYy oF SanTa PauLa
SEWAGE TREATMENT PLANT IS DISCHARGED TO BASINS ADJOINING THE SanNTa CLARA
RIVER AND REACHES THE WATER TADLE.
B/ASIN QUTFLOW

UNDERFLOW FROM THE SaNTa PAuLA BASIN IS CONSIDERED TO OGCCUR IN
SIGNIFICANT QUANTITIES ONLY THRCUGH THE RECENT ALLUVIUM ALONG THE SANTA
CLara RIVER CHAMNEL INTO THE MONTALVO BASIN. STRUCTURAL DARRIERS AND
MATER!ALS OF LOW PERMEADILITY PRECLUDE THE POSSIGILITY OF ALL BUT MINOR
UNDERFLOW WITHIN THE BASAL UpperR PLEISTOCENE OR San PEDRO AQUIFERSVINTO
THE MouND OR MONTALVO BASINS. ADDITIONAL WATER IS FORCED TO THE SURFAGE
IN THE RIVER CHANNEL AND LEAVES THE BASIN AS RISING WATER.
MOVEMENTS OF UNDERGROUND WATER

GROUND WATER MOVES THROUGH THE ALLUVIUM OF THE SaANTA CLARA RIVER
FROM EAST TO WEST AS INDICATED BY THE WATER=LEVEL CONTOURS (PLaTE 15).
WITHIN THE oasaL UPPER PLEISTOCENE AQUIFERS AND THE UNDERLYING SAN PEDRO
AQUIFERS THE MOVEMENT {S SOUTHERLY AND WESTERLY. LOCAL VARIATIONS DURING
DROUGHT PERIODS, PARTICULARLY IN WELLS PERFORATED IN THE CONFINED SAN
PEDRO AQUIFERS, ARE CAUSED BY HEAVY PUMPING COMBINED WITH RESTRIGTED OR
REDUCED RECHARGEs SANTA PauLa CREEK FAN MATERIAL 1S COARSER AND RECHARGE
TO THE BASAL UPPER PLEISTOCENE AQU!FERS FROM THAT STREAM CHANNEL OCCURS
MORE READILY THAN IN OTHER FANS OF THE SaNTA PauLa Basin.

UNDERFLOW OUT OF SanNTa PauLa BASIN MOVES FREELY ONLY THROUGH THE
RECENT ALLUVIUM ALONG THE SANTA CLARA RivER. UNDERFLOW FROM THE SANTA
FauLa BasiN To THE MONTALVO BASIN WOULD HAVE TO MGVE INTO THE UPLI{FTED
BLOCK SOUTH OF THE SaTicoy FauLT. /\LONG MOST OF THE SaTicoy FAULT FROM
SouTH MOUNTAIN TO THE TOWN OF SATICOY THE UNDERFLOW FROM THE S$SanN PEDORO
FORMATION OR THE BASAL UPPER FPLEISTOCENE DEPOSITS WOULD HAVE TO MOVE INTO
THE IMPERMEABLE SANTA BARDARA FORMATION. JUST AT SaTicoy, THE Fox CANYON
AQUIFER IS SOUTH OF THE SATIicCOY FAULT, CUT UNDERFLOW WOULD BE RESTRIGTED
BY THE KNOWN BARRIER AFFORDED BY THE FAULT. UNDERFLCW INTO THE MoUND
BAasSIN GAN NOT BE LARGE. WELLS [N THE TRIANGLE BETWEEN THE COUNTRY CLUD
AND SATICOY FAULTS SHOW RATHER FEEDLE RECHARGE. |F" UNDERFLOW ACROSS THE
CounTRY CLuB FaAULT IN THE BaSaL UPPER PLEISTGCENE AQUIFERS 1S SMALL, THEN

MOVEMENTS WITHIN THE SAN PEDRO FORMATION ARE EVEN SMALLER BECAUSE OF THE
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VERY LARGE DISPLACEMENTS. WESTERLY MOVEMENTS THROUGH SecTion 4, T2N,

R22W ARE LIMITED BY LAYERS OF VERY LOW PERMEADILITY WHICH ARE PRESENT TO

"DEPTHS "OF "MANY HUNDREDS "0F FEET GELOW THE GROUND SURFACE.

FLUCTUATIONS OF W. TER LEVELS

WATER LEVELS IN THE SaNTA PauLA BASIN SHOW ONLY A VERY SMALL
RANGE OF FLUCTUATIONS. WATER-LEVEL DECLINES DURING PROLONGED DROUGHTS ARE
MOSTLY ON THE ORDER OF 20-30 FEET AND RECOVERIES, EVEN IN A SINGLE WET
YEAR, ARE ESSENTIALLY COMPLETE. WELLS PERFORATED fN THE BASAL UPPER
PLEISTOCENE‘AQUIFERS OR IN {MMEDIATELY UNDERLY!NG SAN PEDRO AQU:IFERS
USUALLY INDICATE GOOD RECHARGE WHERE THEY ARE CLOSE TO THE SanTa CLARA
RIVER. A HYDROGRAPH TYPICAL OF SUCH CONDITIONS IS THAT OF WELL 3N/21W-
21E1 (PLaTe 16).

ONLY A FEwW WELLS PUHP FROM THE SAN PEDRO AQUIFERS IN POSITIONS
WHERE OPPORTUNITIES FOR RECHARGE FRCM SATURATED OVERLYING'ALLUVIUM ARE
POORs THESE WELLS SHOW THE SHARPER DECLINES AND RECCVERIES TYP{CAL OF
CONFINED AQUIFERS. LSO, THERE IS A GIEATER RANGE OF FLUCTUAT|ONS, AND
RECOVERIES IN A SINGLE WET YEAR ARE SOMETHING LESS THAN COMPLETE. WELL
3N/21W-9K2 1LLUSTRATES THESE RESPONSES (PLaTE 16).

NEAR THE WESTERN BOUNDARY GF THE SanTa PauLa BaASIN, THE
CounTrRY CLup FAULT CAUSES SHARP DIFFERENGES IN WATER~LEVEL RESPONSES.
NORTH OF THIS FAULT, AS ILLUSTRATED BY THE HYGRGGRAPH OF WELL 2N/22W-3K2
(PLaTe 16), WATER LEVELS ARE RELATIVELY HiGH, AMD GOOD RECHARGE IS
INDICATED.BY GOOD RECOVERIES. FARTHER EAST AND STILL NORTH OF THE FAULT,
A FEW WELLS WILL AT TIMES FLOW.

South oF THE CounTrY CrLub FauLT, THE WATER LEVELS ARE 80 FEET
OR SO LOWERs THE HYDROGRAPH OF WELL 2N/22W=10C1 (PLATE 16) sHOowsS A SLOW
PROGRESSIVE DECLINE OF WATER LEVELS AND PERHAPS SOME DEPLETION OF STORAGE.
To THE ToTAL DEPTH OF THisS weELL (403 FEET) THERE IS LITTLE LIKELIHOOD OF
IMPORTANT WESTERLY UNDERFLOW.
STORAGE CAPACITY

A STCRAGE DEPLETION CURVE (PLATE 8) WaS CONSTRUGCTED DY
RELATING HISTORIC WATER-LEVEL MEASUREMENTS OF WweELL 3N/21W-16K2 To THE
UNWATERED STORAGE CAPACITY COMPUTED FROM A SPECIFIC YIELD STUDY. THE
WATER=SURFACE ELEVATION IN WELL 16K2 RaNGED FROM A MaxIMuM ofF 218 FeET

ABOVE SEA LEVEL IN THE SPprinGg OF 1944 70 a minimMuM oF 183 FEET IN THE FaLw
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oF 1951. THE MAXIMUM STORAGE DEPLETION (IN THE FaLL oF 1951) was aCoOUT
25,000 ACRE-FEET.
MOUND BASIN
BOUNDARIES

THE BOUNDARIES OF THE MouND BASIN ARE GIVEN ON PrLATE 17. THE
NORTHERN DBOUNDARY 1S TAKEN AS THE BASE OF THE FOOTHILLS, GR THE UPSLOPE
LIMIT OF THE ALLUVIAL FAN SURFACES. As IN THE FiLLMORE AND SanTa PauLa
BAasiINsS, THE OUTCROP AREAS OF THE SaN PEDRO FORMATION ARE NOT INCLUDED
WITHIN THE GROUND WATER DASIN. THE EASTERN BOUNDARY IS IN PART A FAULT
AND IN PART A TOPOGRAPHIC DIVIDE. THE SOUTHERN DBOUNDARY 1S THE APPROXIMATE
NORTHERN LIMIT OF THE SANTA CLARA RIVER ALLUVIUM AND THE OXNARD AQUIFER.
THE DISTRICT BOUNDARY HAS NO HYDROLOGIGC SIGNIFICANGE, AND AS IN BULLETIN
12, THE WESTERN BOUNDARY OF THE MoOUND BASIN S TAKEN TO THE ALLUVIUM OF
THE VENTURA RIVER.
GROUND WATER GEOLOGY

GENERAL GEoOLOGY

THE MouND BASIN CONSISTS OF A ODLANKET OF CLAYEY TERRACE MATERIALS
AND UNDERLYING COARSE-GRAINED ALLUVIAL AND MARINE DEPOSITS OVERLYING A
SYNCLINE DEVELOPED IN THE SaAN PEDRO FORMATION. THIS IS THE SAME SYNCLINE
WHICH EXTENDS WESTERLY FROM THE EASTERN PART OF THE PIRU Basing IT
CONTINUES WESTERLY BENEATH THE OCEAN FOR PROBABLY A LARGE DISTANGCE. THE
MAXIMUM DEPTH TO THE BASE OF THE SAN PEDRé FORMATIGN ALONG THE AX!S OF THE
SYNCLINE IS ADOUT 4000 FEET. A LARGE THICKNESS OF THE FORMATION,
INCLUDING THE DASE, CROPS OUT IN THE HILLS NORTH OF THE Mounp BAsSIN AND
THE Ci1Ty oF VENTURA. OSTRIKES ARE NEARLY EAST-WEST AND DI!PS ARE FAIRLY
STEEP TO THE SOUTH. THE BASAL BEDS GONTINUE WESTERLY DENEATH THE ALLUVIUM
OF THE VENTURA RIVER, AND APPEAR AS SMALL OUTCROPS JUST WEST OF THE VENTURA
RIVER DEFORE TRENDING OUT BENEATH THE OCEAN. IN THE SQUTHERN PART OF THE
MounND BAsiIN THE San PEDRG DEDS ARE ARCHED UP ALONG THE MonTALvO FauLT
(SecTioNn V-V', PLaTE 20). MoOST OF THE FOLDING AND FAULTING [S RELATED
TO THE MAJOR MiDDLE PLEISTOCENE DI!ASTROPHISM, BUT THERE HAS BEEN APPRECIADLE

FOLDING,y, TILTING, AND FAULTING OF THE UpPER PLEISTOCENE DEPOSITS,

‘lNDICAleG THAT DIASTROPHISM HAS GONTINUED ALMOST TO THE RECENT. THE TwoO

UPLIFTER '"Mmounos’ IN THE MounD BasiN ARE THE RESULT OF THE VERY LATE

DIASTROPHISM.
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Tacrte I11=1. WiLcox-MAGISTAD CLASSIFICATION GF IRRIGAT!ON WATERS AS

MoDIF1ED DY DoneenN (Rer. 27).

CLass | Cuass || Crass |11
EXCELLENT Gooo TO INJURIOCUS TO
FacToRr T0 GooD INJURIOUS UNSATISFACTORY

CoNDUCTANCE
EC x 10¥ @ 25°C Less Taan 1000 1000-3000 MorE THanN 3000
Boron (PPM) Less THan 0.5 0.5-2.0 MoRE THan 2.0
CurLoriDE (ME/L) LESs THaAN 5 5-10 MorRE THaN 10
SODIUM PERCENTAGE Less THan 60 60-75 MorE THAN 75
Tapre 111-2, DoNEEN'S YEFFECTIVE SALINITY' CLASSIFICATION OF

IRR1GATION WATERS (ReF. 27).

CLass

SoIL CUNDITIONS TERMS USED [ tl 11
LITTLE LEACHING OF THE SOIL mME/L <3 3-5 >5
CAN BDE EXPECTED DUE TO LOW PPM 165 165-275 275
PERCOLATION RATES LB/AF L50 450-750 750
SOME LEACHING, DUT RESTRICTED mMe/L <L 5-10 =10
DEEP PERCOLATION OR DRAINAGE FPM 275 275-550 550
SLOW Lo/ AF 750 750-1500 1550
OrPEN soiLsS. DEEP PERCOLATION ME/L <7 7-15 >15
OF WATER EASILY ACOMPLISHED PPM 385 385-825 &25
La/AF 1050 1050-2250 2250

NoTES: ME/L =we== MILLI-EQUIVALENTS PER LITER
PPM ———= PARTS PER MILLION
LD/AF-——— POUNDS PER ACRE=-FOOT
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TapoLe |11-3 ReLATiveE TOLERANCE OF PLANTS To Boron

(LisTeD

IN ORDER OF

SEMITGLERANT

INCREASING TOLERANCE)

SENSITIVE ToLERANT
Lemon LiMma DEAN CarRROT
GRAPEFRUIT SWEET POTATO LETTUCE
Avocapo BELL PEPPER CapoAGE
ORANGE PumMepkiIn TurRN P
THORNLESS DLACKBERRY ZENNTA ONtoON
APRICOT CaT BroaDDEAN
PEACH MiLo GrabptoLus
CHERRY Corn ALFALFA
PERs IMMON WHEAT GARDEN DEET
KapoTa Fla BarLEY MaNGEL
GrRAPE CLive SUGAR CEET
APPLE Raceep Rooin RrosE DaTE PaLmM
PEAR FIELD PEA PaLm
PLum RapisH ASPARAGUS
AMERIGAN ELM SWEETPEA ATHEL
Navy BeEAN TomaTo
JERUSALEM ARTICHOKE CpTTON
ENGLISH waLNUT PotaTo

BLack waLnuT

PEcan

SUNFLOWER
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UrPPER PLE!IsToceENE DEPOSITS

THE UPPER PLEISTOCENE DEPOSITS, WHICH OVERLIE THE SaN PEDRO
FORMATLON-WITHvMARKED"ANGULAR'UNCONFORM}TY, RANGE ‘N THICKNESS -FROM Loo-
FEET OR SO IN THE EASTERN PART OF THE MounD BASIN To agouT 700 FEET ALONG
THE COAST. THERE IS A SUGGESTION THAT THESE DEDS HAVE BEEN DOWNFOLDED
GENTLY ALONG THE OLDER SYNCLINAL AXIS.  THERE IS A PRONOUNGED TWO=FOLD
DIVISION OF THESE DEPOSITS: (1) AN UPPER TIGHT CLAYEY zonE 200 To 400
FEET THIck; aAND (2) a LOWER, PRIMARILY SAND AND GRAVEL ZONE, FrROM 100
T0 300 FEET THiCK., THE DASAL COARSE ZONE IS THICKEST JUST NORTH OF THE
RIVER, AND DECOMES THINNER TOWARD THE NGRTH. THE CGARSE OCASAL MATERI]ALS
REPRESENT A DISTINCT PHASE OF DEPOSITION BY THE SANTA CLARA RIVER, WHICH
WAS APPARENTLY VERY WIDESPREAD. THE MUGU AQUIFER IN THE SOUTHEASTERN PART
OF THE OXNARD PLAfN MAY REPRESENT PART OF THE SAME OEPOSITION.

IN THE EARLY DAYS OF GROUND WATER DEVELOPMENT, THE WELLS
PENETRATED ONLY TO THE UPFER PLEISTOCENE AQUIFERS WHERE THESE HAD A
SUBSTANTIAL THICKNESS, LATER WELLS WENT DEEPER TO TAP THE AQUIFERS IN THE
UNDERLYING LAYERS CF THE SaAN PEDRC FORMATION. NOW THERE ARE NUMEROCUS
WELLS WHICH ARE PERFORATED IN BOTH THE UPPER PLEISTOCENE AND SanN PEDRO
AQUIFERS.

San PeEpro ForMAaTION

NOT ALL OF THE AQUIFERS IN THE TH!CK SAN PEDRO FORMATION DENEATH
THE MouND BASIN HAVE BEEN TAPPED BY WATER WELLS. IN FACT, BECAUSE OF
INADEQUATE WELL CONTROL, THE THICKNESS AND CONTINUITY OF THESE AQUIFERS
IS POORLY KNOWN. THE UPPERMOST LAYERS OF THE SAN -PEDRO FORMATION ARE
NOT EXPOSED IM THE HILLS NORTH OF THE MounD BASIN, BUT OCCUR ONLY IN THE
SUQSUREACE NEAR THE AX}S OF THE SYNCLINE BENEATH THE UPPER PLEISTOGCENE
DEPOSITS. THESE UPPERMOST LAYERS ARE PRIMARILY GLAYS AND SILTS. IN THE
BASAL TWO=THIRDS OF THE FORMATIGN, GRAVELS AND SANDS ARE MORE ADUNDANT.
MoST OF THE WATER PUMPED COMES FROM AQULFERS [N THE MIDDLE THIRD OF THE
San PEDRO FORMATION. THE Fox CANYON AQUIFER IS INDICATED BY OfL WELL
ELECTRIC LOGS NORTH OF THE MONTALVO FAULT BUT NO WATER WELLS AS YET
PENETRATE DEEP ENOUGH TO REACH [T. THE TYPICAL THIGK BASAL SANDS OF THE
Fox CANYON AQUIFER ARE NOT PRESENT IN THE OUTCROPS NORTH OF THE MOUND
BASIN. [T IS INDIGATED ONLY DlAGRAMMATICALLY oN SecTton V=V', PLaTe 20
THAT THE Fox CANYON AQUIFER TOWARD THE NOXTH DECOMES A SERIES OF SAND AND

GRAVEL LENSES. THE UPPER SaN PEDRO SHOwN oN SeEcTion V=V',; PrLaTE 20
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INCLUDES MANY SAND AND GRAVEL LAYERS, MANY OF WHICH APPEAR TO DE LENTICULAR.

MucH OF THE UPPER PART OF THE SAN PEDRO FORMAT|ON NEAR THE
MoNTALVO FAULT WAS REMOVED IN THE EXTENSIVE PRE~UPPER PLEISTOCENE EROSION.
THIS HAS DEEN TRUE ALONG THE ENTIRE LENGTH OF THE MONTALVO FAULT WHICH
TRENDS WESTERLY FROM SOUTH MOUNTAIN TO THE COAST. THE DISPLAGCEMENT IN THE
SAN PEDRO FORMATION DECREASES WESTERLY, FROM SEVERAL THOUSAND FEET AT THE
WEST END OF SouTH MouUNTAIN To aBouT 500 FEET NEAR THE coasT (SECTION V=v1,
PLaTe 20). THEe DﬁSPLACEMENT IN THE OVERLYING UPPER PLEISTOCENE DEPOSITS
MAY BE AS MUGCH As 400 FeeT. -

WiTHIN THE MouND BaSIN THE San PEDROC FORMATION HAS. BEEN DISPLACED
DY SEVERAL LARGE FAULTS. THE SaTicoY FAULT, WH!CH FORMS A PART OF THE
EASTERN BOUNDARY OF THE BASIN, TRENDS WESTERLY AND INTO THE MounNo Basin,
AND APPARENTLY THE THROW DECREASES IN THAT DIRECTION. ANOTHER FAULT GR
GROUP OF FAULTS IS ASSOCIATED WITH THE ""MOUNDS' IN SECTIONS 17 ano 18, T2N,
R22W.
SOURCES OF RECHARGE

BECAUSE OF GEOLOGIC COMPLICATIONS, THE SOURCES AND AMOUNTS OF
RECHARGE TO THE MouND BASIN ARE DIFFICULT TC DETERMINES. IN PREVIOUS
STUDIES |IT WAS ASSUMED THAT THERE 1S A LARGE AMOUNT OF RECHARGE DERIVED AS

UNDERFLOW FROM THE SANTA PauLa Basin. THE FOLLOWING FACTS DEAR UPON THI!S

PROBLEM:

(1) THERE 1S NO THICK SATURATED RECENT ALLUVIUM CROSSING THE COMMON
BOUNDARY}

(2) TRANSMISSION AS UNDERFLOW MUST OCCUR THROUGH EITHER THE UPPER
PLEISTOCENE DEPOSITS GR THE San FEDRO FORMATION;

V(B) THE UPPER PART OF THE UPPER PLEISTOCENE MATERIALS IS ALMOST
ENTIRELY CLAY AND SILT; THE UNDERFLOW WOULD HAVE TO MOVE THROUGH
THE PERMEACLE DASAL LAYERS;

(4) ALoNG THE SaTicoy FAULT A RIDGE OF SAN PEDRO FORMATION HAS DBEEN
UPLIFTED OM THE S2UTH BLOCK. THE UPPER PLEISTOCENE AQUIFERS HAVE
BEEN DOWNFAULTED (SecTion D=D', PLaTE 14); THIS FAULT SUPPORTS A
LARGE DIFFERENCE [N WATER LEVELS.

(5) THe CounTrRY CLUD FAULT ALSO SHOWS A BREAK IN WATER LEVELS IN WELLS
WHICH TAP THE UPPER PLEISTOCENE DEPOSITSe. THE THROW IN THE San

PEORO FORMATICN MAY BE AS MUCH as 2000 FeeT.
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(6) THE TRIANGULAR AREA BETWEEN THE COUNTRY CLUB AND SaTIicoY FauLTS

DOES NOT APPEAR TO HAVE MUCH RECHARGE, AS SHOWN 3Y THE HYDROGRAPH

oF weLL 2N/22W-10C1 (PLaTe 16). THE RECORDS SHOW THIS WELL TO BE

PERFORATED ONLY IN THE SAN PEDORO FORMATION. JTHE UPPER PLEISTOCENE

GRAVELS APPEAR TO HAVE BDEEN POOR PRODUCERS HERE.

(7) A weLL DRILLED To 1300 or 1400 FEET IN THE "IN' PLOT oF SecTion 4

IS REPORTED TO HAVE ENCOUNTERES LITTLE WATER.
FROM THE ABOVE LINES OF EVIDENCE IT IS SUGGESTED THAT THE UNDERFLOW FROM
THE SaNTa Paura BasiN To THE MounND BASIN 1S VERY SMALL.

THE THICK IMPERMEABLE NEAR-SURFACGE CLAYS PRECLUGE ANY APPRECIABLE
RAINFALL PENETRATION TO THE BASaL UPPER PLEISTOCENE AQUIFERS. MOST OF THESE
AQUIFERS DO NOT CROP OUT, BUT APPEAR TC PINCH OUT IN THE SUDSURFACE SOUTH
OF THE FOOTH!ILLS. THIS THINNING IS INDICATED ON SecTioN V-V', PraTe 20,
ONLY A FEW OF THE PUMPED SAN PEDRC AQUIFERS HAVE SURFACE OUTCROPS AND COULD
DE REPLENISHED DY RAINFALL PENETRATION. THE AMOUNT OF THIS REPLEMISHMENT
1S VERY SMALL.

RECHARGE To THE MouND Basin IS DERIVED LARGELY FROM THE MoNTALVO
BasiN aAND THE OxNaARD PLAIN. THE INLAND PORTION OF THE MounD BasiN RECEIVES
MOST GF ITS RECHARGE FROM THE MonTALVO BastN. THIS SUGGESTION IS SUPPORTED
BY THE PERSISTENT WESTERLY WATER-LEVEL SLGPE FROM THE MoNTaLvo Bastin TO
THIS PORTION OF THE MounD BasiN. THE HYDROLOGIC CONTINUITY IS BELIEVED
TO BE MAINTAINED PRIMARILY THRGUGH THE 2asaL UPPER PLEISTOCENE AQUIFERS.
THe OXNARD AQUIFER DOES NOT EXTEND INTO THE MounD Basinj THE San PeEDRO
FORMATION IS BADLY FAULTED. SOME IMPEDIMENT TO THE WESTERLY FLOW OF WATER
IS AFFORDED BY THE EXTENSION OF THE SATIcoy FauLT.

RECHARGE AS UNDERFLOW FROM THE OxNaro PrLain To THE Mounp Basin
MUST CROSS THE BARRIER OF THE MoNTaLve FaurLt, THIS FAULTING HAS NOT
AFFECTED THE OXNARD AQUIFER, DUT WATER ATTEMPTING TG MOVE NGRTHWARD AT THE
SHALLOW LEVELS OF THE OXNARD AQUIFER WOULD HAVE TO MOVE INTG THE THICK
UeprPpeER PLEISTOCENE CLAYS OF THE Mount BasiIn. T MAY BE CONCLUDED THAT THERE
IS ESSENT{ALLY NO POSSIDILITY OF WATER MOVING FROM THE OXNARD AQUIFER
INTC THE MounD BAasiN. AT DEPTHS BETWEEN 300 anp 600 FEET FROM THE GROUND
SURFACE THERE IS OPPORTUNITY FOR NORTHERLY UNDERFLOW DBUT AT LEAST A

PARTIAL RESTRICTION IS OFFERED 5Y THE MonTaLvo FaurLTe. AT GREATER DEPTHS,
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REPEATED FAULTING AND GREATER THROW ON THE MONTALVO FAULT woULD MORE

EFFECTIVELY HINDER UNDERFLOW. MOVEMENTS WITHIN THE San Pebro FORMATION FROM

THE OXNARD PLAIN TO THE MoOUND BASIN ARE BELIEVED NOT TGO BDE IMPORTANT.

THE INFERIOR QUALITY WATERS IN THE Fox CANYON AQUIFER

R23W SUGGEST PCOR CIRCULATION.

BASIN OUTFLOW

IN SecTioN 25, T2N,

WATER LEAVES THE MounD BasiN PRIMARILY AS PUMPED EXTRACTIONS.,

DURING WET PERIODS THERE IS PROBAGLY AN AFPRECIABLE OUTFLOW TG THE OCEAN

WITHIN THE 0ASAL UPPER PLEISTOCENE SANDS AND GRAVELS.

I[F OUTFLOW TO THE

OCEAN TAKES PLACE IN THE SAN PEDRO FO#MATIGN IT WOULD DO SO MOST EASILY

FROM THE BASAL DBEDS WHICH HAVE SUBMARINE OUTGROPS WEST OF THE VENTURA

RIVER. BECAUSE OF THE KNOWN DEPTHS

OF THE SAN PEDRO AQUIFERS AND THE KNOWN

OFFSHORE CONFIGURATION, T IS HIGHLY UNLIKELY THAT THERE WCULD BE ANY

SUBMARINE SanN PEDRO GCUTCROPS ALONG THE WESTERLY EXTENSION OF THE SANTA

CLarRA RIVER SYNCLINE. THERE 1S A POSSIBILITY, HOWEVER, THAT |F HYDRAULIC

GRADIENTS PERMITTED, WATER COULD MOVE UPWARD

IN THE SAN PEDRO AQUIFERS,

ACROSS THE UNCGONFORMITY, INTO THE CAsaAL UPPER PLEISTOGCENE GRAVELS, THEN

TO THE OCEAN FLOOR. THERE IS LITTLE OPPORTUNITY FOR

MounD BasiN INTO EITHER MoONTALVO BasiN oR THE OXNARD

GRADIENTS ARE PERSISTENTLY IN THE OTHER DIRECTION.

WATER MOVEMENTS

UNDERGROUND WATER IN THE Moumnp BASiIN MOVES

PLAaINg

MOVEMENTS GUT OF THE

WATER~LEVEL

PREDOMINANTLY TO THE

WEST OR SOUTHWEST. THE MAIN FLOW TAKES PLACE WITHIN THE 0AsaAL UPPER

PLEISTOCENE DEPOSITS FROM THE MONTALVG BASIN THROUGH

THE MounD BasinN To

THE SUDBDMARINE OQUTCRCPS. BeEcause THE UPrER PLEISTOCENE GRAVELS BECOME

THINNER TO THE NORTH, MOST OF THE WATER

MUST MCOVE THROUGH THE SOUTHERN

PART OF THE MOUND BASIiN. THESE MOVEMENTS MUST BE SOMEWHAT RETARDED BY THE

FAULTING WHICH IS KNOWN TO HAVE OCCURRED

NeAR THE COAST, WHEN PIEZOMETRIC

LEVELS

IN THE VERY LATE PLEISTOCENE.

IN THE UpPER FLEISTOCENE AQUIFERS

ARE DEPRESSED TO NEAR OR OELOW SEA LEVEL, THERE IS PRODBABLY EASTERLY

MOVEMENT FROM THE SEAWARD EXTENSIONS OF THOSE AQUIFERS.

THERE ARE SO FEW WELLS
THAT LT 1S DIFFICULT .TO DESCRILDE
THROW iIN THE SaMm PEDRG FORMATION

MouNp BasiIN From THE SanTa PauLa

PERFORA
THE WAT
GREATLY

Basin,
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PLain. THERE HAS PRobAaLY BEEN LITTLE CIRCULATION WITHIN THE SaN PEDRO
FORMATION IN THE VERY LATE PLEISTOCENE AND RECENT BECAUSE OF A DEARTH OF
SUBMARINE OUTCROPS AND OTHER AREAS OF ESCAPE., [HE WELLS IN THE SOUTHERN
COASTAL PORTION OF THE MounD Basin Tar SAN PEDRO AQUIFERS WHICH ARE 1IN
HYDROLOGIC CONTINUITY WITH THE OVERLYING UPPER PLEISTOCENE AQUIFERS BECAUSE
OF UNCONFORMITY TRUNCATIONS OR MULT!-ZONE WELLS.

FLUCTUATIONS OF WATER LEVELS

WATER-LEVEL TRENDS IN THE SAN PEDRO AQUIFERS ALONG THE COAST NEAR
THE CiTY OoF VENTURA ARE REPRESENTED DY THE HYDROGRAPH OF weELL 2N/23W-14Q1
(PLATE 23). Two DISTINGTIVE FEATURES OF THIS HYDROGRAPH ARE (1) A MARKED
TENDENCY TO FLOW IN THE WET PERIODS, AND (2) A MARKED TENDENCY DURING
DRY PERIODS TO RETURN TO SEA LEVEL AFTER HAVING BEEN PUMPED BELOW SEA
LEVEL. JTHE HIGH HEADS DURING THE WET PERICDS ARE RELATED TO POSITIVE
RECHARGE AND NOT MERELY A PRESSURE RESPONSE, IT 1S DOUBTFUL THAT THE
RECHARGE COULD DBE EXPLAINED ENTIRELY DY RAINFALL PENETRATION ON THE OUTCROP
AREAS; THE PERFORATED AQUIFER MAY NOT EVEN HAVE AN OUTCROP. [HE RECHARGE
MAY DE DERIVED FROM THE UPPER PLEISTOCENE AQUIFERS ABOVE THE UNGCONFORMITY.,
THE DRY PERIOD WATER LEVELS ARE DEF{NITELY RELATED TO SEA LEVEL. SINCE
SUBMARINE OUTCROPS OF SaN PEDRO AQUIFERS THIS HIGH IN THE FORMAT!{ON ARE
UNLIKELY, THE PRESSURE HEAD OF SEA LEVEL WOULD HAVE TG BOE TRANSMITTED
THROUGH THE OVERLYING UPPER PLEISTOCENE AQUIFERS.

INLAND IN THE MounD BASIN WATER-LEVEL RESPONSES ARE QUITE
DIFFERENT, AS ILLUSTRATED BY THE HYDROGRAPH OF wiLL 2N/22W-9K3 (PLaTe 23).
THiIS WELL APPEARS TO BE PERFORATED IN a SaN PEDRO AQUIFER FREELY CONNECTED
WITH THE OVERLYING UPPER PLEISTGCENE. THERE WAS A GOOD RECOVERY DURING THE
LATE THIRTIES AND EARLY FORTIES, AND A FAIRLY SHARP DECLINE FROM 1945 To
1951, THE RECOVERY FROM THE 1952 WET YEAR WAS FAIRLY SLOW AND MAY NOT HAVE
BEEN COMPLETED UNTIL LATE 1952 or EARLY 1953, /ALTHOUGH THERE IS A
SUGGESTION OF OVERDRAFT, IT WOULD BE DIFFICULT TO SUPPORT UNTIL THE RESPONSES
CF THE NEXT WET PERIOD ARE AVAILADLES,

MONTALVO BASIN

BOUNDARIES
THeE MonTALVO BAaSIN, ALSO REFERRED TO AS THE OxNarD Foresay Basin
(ReEF. 23), comPRises apouT 6400 ACRES, AND INCLUDES THE MAIN FREE WATER-

TAGLE AREA oF THE OxnNARD Prain (PLATE 17). NEAR THE NORTHEAST CORNER OF THE

[1-29



BASIN THE DOUNDARY IS EXTENDED UP THE SaANTA CLARA RIBER TO THE POINT WHERE
THE UNi1TED WATER CONSERVATION DISTRICT CURRENTLY DIVERTS FOR SPREADING
OPERATIONS. AT THIS POSITION THE DOUNDAR? COINCIDES WITH THE OCCURENCE

OF PERENNI{AL RISING WATER, AND PRQBADLY WITH A CONSTRICTION GF THE RECENT
ALLUVIUM. THE NORTH-WESTERN BOUNDARY IS IN PART THE SAT!COY FAULT AND IN
PART THE DREAK DETWEEN THE RECENT ALLVYVIUM AND THE CLAYEY TERRACE DEPOSITS
oF THE MounD BasiN. NMNEAR THE UPSTREAM LIMIT OF THE MoONTALVO BASIN THE

EASTERN DBDOUNDARY 1S A SHARP LINE BETWEEN RECENT ALLUVIUM AND THE END OF

SOouUTH MouNTAalIN,. THE REMAINDER OF THE BASIN BOGUNDARY —— ON DBOTH THE
SOUTHEAST AND SOUTHWEST SIDES ~- DOES NOf COINCIDE WITH A SHARP CHANGE OF
GEOLOGIC CONDITIONS., INSTEAD, THESE LINES ARE INTENDED TC PORTRAY THE

APPROXIMATE POSITION OF A GRADATIONAL CHANGE FROM WATER=~TABLE CONDI!TIiONS

TO CONFINED CONDITIONS AS CLAYS DECOME MORE ABUNDANT. GEOLOG!C CROSS~=
SECTION R-R' oN PLATE 18 ILLUSTRATES CONDITIONS AT THE SOUTHWEST DOUNDARY,
WHERE THE s0~CALLED 'fcLay caP’ DBEGINS. THE DESIGNATION OF TH!S GRADATIONAL
ZONE BY MEANS OF A LINE 1S HIGHLY DESIRADBLE IN COMPUTING RAINFALL PENETRATION
AND JRRIGATION USE. THE COUNDARIES AS DELINEATED ARE ESSENTIALLY THE SAME

AS THOSE GIVEN IN AN EARLIER REPORT (REF. 49) AND THOSE SHOWN FOR THE OXNARD
ForesAy Basin IN BurreTin 12 (ReF. 23).

GROUND WATER GEOLOGY

GeENERAL GEOLOGY

THE MAIN WATER-GEARING DEPOSITS OF MoNTALVO BASIN CONSIST OF COARSE
ALLUVIAL MATERIALS OF RECENT anD UPPER PLEISTGCENE AGE OVERLYING WITH
MARKED UNCONFORMITY A SEQUENCE OF PRE-MIDDLE PLEISTOCENE DEPOSITS. AN
UNCONFORMITY OF LESSER MAGN]TUDE SEPARATES THE SHALLOW GRAVELS FROM THE
UrpPpErR PLEISTOCENE LAYERS. OVER MOST OF THE AREA OF THE MoNTaLvOo BasiN THE
SaN PEDRO FORMATION S DIRECTLY BENEATH THE MIDDLE PLEISTOCENE UNCONFORMITY.
THE Fox CANYON AQUIFER, GENERALLY THE COARSE PERMEABLE BASAL LAYERS OF THE
San PEDRO FORMATION, IS DIRECTLY UNDER THE ALLUVIAL DEPOSITS BENEATH THE
S%TICOY sPREADING GROUNDS (PLATE 17). THIS AREA GF CONTACT BETWEEN THE
ALLUVIUM AND THE Fox CANYON AQUIFER WILL DE REFERRED TO AS THE fsup-
ALLUVIAL OouUTcROP”, FARTHER NORTHEAST, WHERE THE RIVER HAS ERODED THE END
oF SouTH MounTAIN, THE Fox CANYON AQUIFER HAS BEEN REMOVED AND THE ALLUVIAL
DEPOSITS REST DIRECTLY ON THE SaNTA BARDARA FORMATION, WHICH HERE IS

NONWATER-=DEARING.
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THE CURVED SUB—-ALLUVIAL QUTCROP OF THE Fox CANYON AQUIFER ‘IS
RELATED TO A WESTWARD—=PLUNGING ANTICLINE WHOSE AXIAL TRACE IN GENERAL
FOLLOWS THE SANTA CLARA RIVER. THE PLUNGING ANTICLINE IS TERMINATED ON
THE NORTH FLANK OY THE SATICOY FAULT, PROBABLY A BRANCH OF THE OaAK RiDGE

FauLT. IN THE SATICOY AREA THE GEOLOGIC STRUCTURE {S PROBABLY FAR MORE

_COMPLICATED THAN CAN BE DESCRIBED FROM THE EXISTING DATA.

ALLUVIAL AQUIFERS

THE TERM "OxnarD aQuIFER' or TOXNARD ZzZONEY REFERS, IN THE
MonTaLvo BAasIN, TO THE RECENT ALLUVIUM AND THE COARSE UPPER LAYERS OF THE
UpPER PLEISTOCENE DEFOSITS. THE THICKNESS OF THE OXNARD AQUIFER IN THE
MoNTALVO BASIN IS AS MUCH AS 150 FEET. BENEATH THE PREDOMINANTLY COARSE
LAYERS CCNSTITUTING THE OXNARD AQUIFER ARE ALTERNATING LAYERS OF SANDS,
GRAVELS, AND CLAYS CuUMPRISING THE LOWER PART OF THE UPPER PLEISTOCENE
DEPOSITS. SEAWARD FROM THE MoNTAaLvO Basin, THE OXNARD AQUIFER COMPRISES
THE PERMEAZCLE LAYERS JUST BELOW THE CLAY CAP. IN THE NORTHEASTERN
CORNER OF THE MoONTALVO BASIN THERE WAS VERY LATE UPLIFT AND SOME LAYERS
DEPOSITED EARLY IN THE UPPER PLE!STOCENE WERE REMOVED BY EROSION PRIOR
TO THE DEPOSITION OF THE OXNARD AQUIFER. AT THE END OF SGUTH MOUNTAIN
THE EROSIONAL SURFACE CUT ON THE SANTA BARBARA FORMATION APPEARS TO BE
OVERLAIN DIRECTLY BY RECENT ALLUVIUM,

Fox CaANYON AQUIFER

THe "Fox CANYON AQUIFER'T REFERS TO A ZONE OF SANDS AND GRAVELS
WITH INTERBEDDED CLAYS NEAR THE DASE OF THE SaN PEDRO FORMATI!ON. THESE
PERMEADLE LAYERS FORM EXTENSIVE EAST-WEST TRENDING OUTCROPS ON THE
SOUTH FLANK OF SOUTH MOUNTAIN. IN MoNTALVO BASIN THE WESTWARD EXTENSION
OF THESE SURFACE OUTCROPS |S BURIED 2Y ALLUVIUM AND !S REFERRED TO AS
THE "sup-aLLuviaL ouTcroP!'. FROM THE SUB=ALLUVIAL OUTCROF THE Fox
CANYON AQUIFER D!PS SOUTHERLY ABOUT 8 DEGREES. THE PRESENT WELLS
DRAWING FROM THE Fox CANYON AQUIFER IN MONTALVO BASIN ARE NEAR THE SUD-
ALLUVIAL OUTCROP WHERE THE AQUIFER }S STILL AT A RELATIVELY SHALLOW DEFTH.
SQURCES OF RECHARGE

THE MAIN SOURCES OF RECHARGE TO THE MoONTALVO BaAaSIN ARE THE
SURFAGCE FLOWS EXITING FROM SanNTa PauLa Basin. IN PART, THESE FLOWS REAGCH
THE WATER TABLE DBY NATURAL PERCGCLATION IN THE REACH DETWEEN THE UPFRER

BDASIN DOUNDARY AND MonTaLvo BRrRipnee. HOWEVER, LARGE AMOUNTS OF SURFACE
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FLOWS ARE DIVERTED FROM THE RIVER AND ALLOWED TO PERCOLATE WITHIN THE
SaTicoy AND EL R10 SPREADING GROUNDS. UNDERFLOW FROM SANTA PauLa Basin
IS DELIEVED TO OCCUR ALMOST EXCLUS!VELY THROUGH THE RECENT ALLUVIUM. THE
INTERBASIN TRANSFER WITHIN THE SAN FEDRO FORMATION IS CONS{DERED UNLIKELY
BECAUSE THERE 1S ONLY A SMALL AREA WHERE THERE MIGHT BE HYDROLOGIC
CONTINUITY, AND EVEN IN THIS AREA FAULTING 1S KNOWN TO RESTRICT UNDERFLOW.
PENETRATING RAIN WATER IN THE MONTALVO BASIN 1S ABLE TO REACH THE WATER
TABLE MORE EASILY THAN OVER LARGE AREAS IN THE UPSTREAM BASINS. ALTHOUGH
OCCURRING CNLY FCR SHORT PERIODS OF TIME AND UNIMPORTANT QUANTITATIVELY,
ANOTHER SOURCE OF RECHARGE IS OF INTEREST. AT TIMES OF EXTREMELY LOW
WATER TABLES IN THE MoNTALvVO BASiN, A PIEZOMETRIC SLOPE IS DEVELOPED WITHIN
THE Fox CANYON AQUIFER FROM THE HIGH OUTCROP AREAS ON SOUTH MOUNTAIN
TOWARD THE SUB—=ALLUVIAL OUTCROP. UNDER SUCH CONDITIONS WATER MOVES
WESTERLY N THE Fox CANYON AQUIFER FROM THE WEST Las P0SAS AREA, UP THROUGH
THE SUB=ALLUVIAL OUTCROP AND INTO THE OVERLYING ALLUVIAL DEPOSITS.
BASIN OQUTFLOW

THE LARGEST PART OF THE WATER LEAVING THE MONTALVC BASIN AS
UNDERFLOW MOVES SEAWARD THROUGH THE OXNARD AQUIFER., A MUCH SMALLER AMOUNT
MOVES DOWNWARD FROM THE ALLUV!IAL ZONES THROUGH THE SUO=ALLUVIAL GUTCROP
BENEATH THE SATICOY SPREADING GROUNDS. WITHIN THE Fox CANYON AQUIFER THE

WATER MOVES WESTERLY TOWARD THE OCEAN AND SCUTHERLY TOWARD THE CENTERS

"OF PUMPING IN PLEASANT VALLEY. ANOTHER PART OF THE UNDERFLOW MGVES I[NTO

THE MoOUND BASIN PRIMARILY THROUGH THE BASAL UPPER PLEISTOGCENE GRAVELS.
AT TIMES OF HIGH WATER LEVELS, SUCH AS DURING THE PERioD 1941-1945, uUNDER~-
FLOW LEAVING MoONTALVO BASIN MOVES SEAWARD ABOVE THE CLAY CAP.

THE MAXIMUM OUT UNDERFLOW DOES NOT NECESSARILY OCCUR AT TIMES
OF MAXIMUM WATER~TAOLE ELEVATIONS. WHEN THE MONTALVO BASlN IS FULL THE
WATER-TABLE SLOUPES ARE USUALLY RELATIVELY FLAT. SINCE THE RATE OF OUT
UNDERFLOW IS DIRECTLY PROPORTIONAL TO WATER-TABLE SLOPE, THE FLAT SLOPES
DO NOT PROMOTE RAPID UNDERFLOW. JTHE MAXIMUM OUT UNDERFLOW OCCURS WHEN
THERE IS AN OPTIMUM COMBINATION OF STEEP WATER=-TABLE SLOPE AND A LARGE
SATURATED CROSS—SECTION THROUGH WHICH THE UNDERFLOW [S MOVING.
MOVEMENTS OF UNDERGROUND WATER

THE PREDOMINANT DIRECTION OF WATER MOVEMENT IN THE ALLUVIAL

DE~0SITS OF THE MoONTALVO BASIN 1S FROM NORTHEAST TO SOUTHWEST. WHEN THE
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BASIN IS FULL, AS (T WAS IN THE SPriING OF 1944 (PLATE 21), THE WATER-TABLE
SLOPE IS UNIFORM AND ABOUT-15 FEET PER MILE. BY way OF CONTRAST, NEAR THE
END OF A GROUP OF -DRY YEARS, WHEN THERE {S MUCH DEPLETION OF. STORAGE, .THE
WATER-TABLE SLOPE IN THE NORTHEASTERN PART OF THE BASIN WAS ADBOUT 35 FEeT
PER MILE (PLATE 22). THE GRADIENT FLATTENED NCTICEABLY TOWARD THE MIDDLE
OF THE BASIN AND REMAINED FAIRLY UNIFORM TO THE SOUTHWESTERN DOUNDARY

AT SLIGHTLY OVER 5 FEET PER MILE. EVEN AT TIMES OF MAX!IMUM STORAGE

DEPLETION IN THE MONTALVO BASIN, SEAWARD CUT UNDERFLOW WITHIN THE OXNARD

"AQUIFER CONTINUES. DESPITE THE FACT THAT WATER~LEVEL ELEVATIONS IN THE

SOUTHWESTERN PART OF THE MONTALVO BASIN ARE BELOW SEA LEVEL, THE DEEP
PUMPING TROUGH CLOSER TO THE OCEAN MAINTAINS A PERSISTENT SEAWARD GRADIENT
OF THE WATER LEVELS.

A SIGNIFICANT AMOUNT OF UNDERFLOW LEAVES THE MONTALVO BASIN AFTER
PASSING THROUGH THE SUB-ALLUVIAL OUTCROP AND INTO THE Fox CANYON AQUIFER.
THE FACT THAT THE Fox CANYON AQUIFER REPRESENTS A DISTINGT HYDRAULIC
SYSTEM 1S DEMONSTRATED BY THE PIEZOMETRIC SURFACE, WHICH ONLY 1/2 MILE
FROM THE SUB-ALLUVIAL OUTCROP RISES MANY FEET ABOVE THE LOCAL WATER TAGLE.
MOVEMENT OF WATER WITHIN THE Fox CANYON AQUIFER IS WESTERLY TOWARD THE
OCEAN AND SOUTHERLY TOWARD THE HEAVILY PUMPED AREAS IN PLEASANT VALLEY.
FLUCTUATIONS OF WATER LEVELS

THE ALLUVIUM OF THE MONTALVO BASIN CONTAINS A SINGLE, GONTINUOUS
BODY OF FREE GROUND WATER. IHE HYDROGRAPHS ARE MUCH THE SAME OVER THE -
ENTIRE DBASIN, THE CHIEF DIFFERENCE USUALLY BEING ONE OF VARIABLE AMPLTUDES
OF WATER~LEVEL FLUCTUATIONS. THE MAXIMUM AMPL | TUDES ARE SHOWN NEAR THE
SATICOY SPREADING GROUNDS, AS ON THE HYDROGRAPH OF WELL 2N/22W-12J1 (PLATE
23). THE 1957-58 RecoVERY was apouT 108 FEET. EVEN IN SOME OF THE POOR
RAINFALL YEARS SUCH AS 1953-55, THE SPREADING OF SUDSTANTIAL AMOUNTS OF
WATER PRODUCES GOOD ANNUAL RECOVERIES. AT THE LOGCATION OF weLL 2N/21W-
6P1, WHERE RELATIVELY THIN ALLUVIUM OVERLIES THE SANTA BARCARA FORMATION ,
IN VERY DRY YEARS THE ALLUVIUM 1S DRAINEDS

FARTHER SOUTHWEST IN THE MONTALVO BASIN THE RECHARGE EFFECTS
ARE MUCH LESS NOTICEAGBLE THAN NEAR THE SATICOY SPREADING GROUNDS. FEVEN
FOLLOWING SINGLE WET YEARS THE RECOVERIES ARE SMALL. FESPEGIALLY INTERESTING
IS THE HYDROGRAPH OF WELLVZN/ZZW—ZZRﬁ (PLATE 23). I'n T952, WHEN NATURAL

RECHARGE WAS LARGE, BUT BEFQORE THE EL Ri10 SFREADING GROUNDS WERE IN
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OPERATION, THE RECOVERY WAS ONLY 14 FEeT. THE E€FFECTS oOF HEAVY SPREADING
AT SATICOY DURING 1953 ARE SHOWN DY A 1953 PEAK HIGHER THAN IN THE 1952
WET YEAR. THE SUBSTANT|ALLY BETTER RECOVERY IN 1958 REFLECTS THE FIRST
LARGE~SCALE OPERATION OF THE EL Rio SPREADING GROUNDS, o

A HYDROGRAPH OF WELL 2N/22W-12K3 (PLATE 25) 1S AVAILABLE ONLY
FOR THE PERIOD SINCE 1951. THIS WELL IS PERFORATED ONLY IN THE Fox CANYON

AQUIFER AND IS LOCATED ABOUT 1/2 MILE SOUTH OF THE SUB-ALLUVIAL OUTCROP.

HYDROGRAPHS ARE AVAILABLE FOR NEARDBY wELLS 12K1 anp 12K2 WHICH ARE PERFORATED

ONLY IN THE ALLUVIAL DEPROSITS AND SHOW RESPONSES OF THE LOCAL WATER TAOLE.
DURING THE SPRING WATER-LEVEL PEAKS, THE PIEZOMETRIC SURFACE IN THE Fox
CANYON AQUIFER AT THIS POSITION IS USUALLY 10 OR MORE FEET HIGHER THAN
THE LOCAL WATER TABLE. DURING THE HEAVY SPREADING PER]OD OF 1958, THE
DIFFERENTIAL WAS SMALLER, AMOUNTING TO TWO FEET OR LESS. THE HIGH
PIEZOMETRIC LEVEL IN WELL 12K3 NEED NOT BE RELATED TO A HIGH DISTANT
OUTCROP AREA OF THE Fox CANYON AQUIFER. THE HIGH HEAD CAN OFE RELATED TO
THE WATER TADLE IN THE SHALLOW AQUIFER OVERLYING THE SUB—-ALLUVIAL OUTCROP.
THE PIEZOMETRIC SURFACE IN THE Fox CANYON AQUIFER HAS A FLATTER SLOPE THAN
THE WATER TABLE AND RISES ABOVE IT IN A SOUTHWESTERLY DIRECT!ON.
STORAGE CAPACITY

A sTorRAGE=-DEPLETION CURVE (PLATE 8) waAS CONSTRUCTED DY RELATING
HISTORIC WATER-LEVEL MEASUREMENTS OF weELL 2N/22W-12E1 TO‘THE UNWATERED
STORAGE CAPACITY COMPUTED FRCM A SPECIFIC YJELD STUDY. THE WATER-SURFAGCE
ELEVATION IN WELL 12E1 RANGED FROM A MAXIMUM OF 112 FEET ABCVYE SEA LEVEL
IN THE SPRING oF 1944 T0 a MINIMUM OF 17 FEET ABOVE SEa LEVEL IN THE FaLL
oF 1951. THEe CALCULATED MAXIMUM STCRAGE DEPLETION wAS aBouT 102,000
ACRE=FEET.

OXNARD FLAIN BASIN

BOUNDARIES

Tueg OxnNaRD PLA!& ASIN COINCIDES W!TH THE PRESSURE PORTION OF
THE OXNARD AQUIFER (PLATE 17). A4S EXPLAINED ABOVE, THE BOUNDARY DETWEEN
THE MoNTALVO BASIN AND THE OXNARD PLAIN BASIN APFROXIMATES THE (NLAND
LIiMIT OF THE CLAY CAP. THE NORTHERN DOUNDARY IS PLACED ALONG THE SANTA
CLarRA RIVER FOR THERE ARE NC OXNARD AQUIFER WELLS NORTH OF THE RIVERa. THE
EASTERLY SWING OF THE SANTA CLARA RIVER DURING THE DEPOSIT!ON OF THE

OXNARD AQUIFER WAS CONTROLLED BY SOUTH MOUNTAIN, THE WEST END OF THE
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CaMARILLO HiLLS, AND THE WEST ENO OF THE SANTA MONICA MOUNTAINS AT POINT
Mueu. THE EDGE OF THE OXNARD AQUIFER BDETWEEN SOUTH MOUNTAIN AND THE
CAMARILLO HiILLS HAS BEEN LOCATED FROM THE LOGS OF SHALLOW WELLS AND IN PLACES
IS ACCENTUATED B8Y A TCOPOGRAPHIC BREAK. THE OXNARD AQUIFER DOES NOT EXTEND
INTO THE WEST LaAS P0SAS AREA; SHALLOWER WATER SUPPLIES ARE NOT AVAILAGLE

HERE AND WELLS ARE DRILLED TO THE Fox CANYON AQUIFER. SOUTH OF THE

CAMARILLO HILLS THE BOUNDARY WAS DETERMINED FROM WELL-LOG STUDIES.

GROUND WATER GEOQOLOGY

GEnNERAL GEOLOGY

As 1T Now EXI1STS, THE OXNARD PLAIN WAS BLOCKED OUT STRUCTURALLY
DURING MIDDLE PLEISTOGENE TIME. EARLIER IN LATE PLEISTOCENE TIME THE
ENTIRE PLAIN AND THE SOUTHERN PART OF THE MOUND BASiIN WERE COVERED QY
SanTA CLARA RIVER DEPOS!ITS WHICH WERE SPREAD OUT ON THE EXTENSIVE EROSIONAL
SURFACE THAT HAD BEEN CUT ON THE SAN PEDRO FORMATION. THESE EARLIER RIVER
DEPOSITS AND THE ACCOMPANYING TERRACE MATERIALS FLANKING THE OXNARD PLAIN
AND THE MounD BASIN WERE MODERATELY FOLDED, FAULTED AND TILTED BY VERY LATE

PLEISTOCENE DIASTROPHISM., THE OXNARD AQUIFER WAS LAID DOWN FOLLOWING THIS

.LATER DISTURBANCE AND SHOWS NO EFFECTS OF DIASTROPHISM.

OXNARD AQUIFER

THE OXNARD AQUIFER IS A THICK, CONTINUOUS LAYER OF COARSE,
GRAVELLY DEPOSITS LAID DOWN BY THE SanTa CLARA RIVER ON THE OxnNarRD PrLatn.
ONCE THE SaNTaA CLARA RIVER HAD CLEARED THE WESTERN END OF SOUTH MouNTAIN,
IT WAS FREE TO SWING OVER THE ENTIRE OXNARD PLAIN THROUGH A SECTOR
EXTENDING FROM THE PRESENT COURSE OF THE SanTa CLARA RIVER TO A LINE
APPROXIMATING THE FOSIT!ON OF Wooo Roab. DURING THE EARLY STAGES OF THIS
DEPOSITION, COARSE GRAVELS WERE SPREAD OVER THE ENTIRE PLAIN AREA, GENERALLY
WITH THE GREATEST THICKNESS ALONG THE SATICOY-OXxNARD-PORT HUENEME aAX!S,
AND WITH THINNING IN DBOTH DIRECTIONS FROM THIS AXiS. I THE LATER STAGES
OF THE DEPOSI!ITION THE GRAVELS WERE NOT SO WIDESPREAD,; BUT WERE RESTRICTED
TO WHAT 1S NOW CALLED THE MoNTALVO BasiINn. SeEawarRD FrROM MONTALVO BASIN THE
LATER DEPOSITS CONSIST OF MUCH SILTY AND CLAYEY MATERIAL WITH INTERBEDDED
SANDS AND MINOR GRAVELS, THESE LOW PERMEABILITY DEPOSITS ARE COLLECTIVELY
CALLED THE "crLay capP's WITHIN THE MONTALVO BasiN THE OXNARD AQUIFER IS
CONSIDERED TO EXTEND FROM THE GROUND SURFAGE TG A DEPTH OF ascuT 150 FEeT.

ALONG THE MAIN AXIS QF GRAVEL DEPCSITION THERE IS A GRADUAL THINNING
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SEAWARD TO A THICKNESS OF ABOUT 100 FEET AT THE COASTLINE., THE BASE OF THE
AQUIFER SLOPES ABCUT 10 FEET PER MILE, AND DENEATH PORT HUENEME 1S AT A
DEPTH OF ABOUT 250 FEET. IN BOTH DIREGTIGNS FROM THE MAIN AX{S THE OXNARD
AQUIFER SHOWS A GENERAL THINNING AND A TENDENCY TO DECOME SEVERAL COARSE
ZONES SEPARATED bBY cLAYs (SecTion S-S', PraTe 18). THE EXACT NORTHERN
LtMIT OF THE OXNARD AQUIFER CAN NOT BE DETERMINED BECAUSE OF A LACK OF WELLS
IT MUST CORRESFOND FAIRLY CLOSELY, HOWEVER, TO THE PRESENT CGCURSE OF THE
SaNTA CLARA RIVER. THE WELL LOG CONTROL ON THE EASTERN LIMIT, IN THE
VICINITY OF Wo0D ROAD, IS USUALLY MUCH CETTER, ALTHOUGH IN THE MUGU AREA
THE OXNARD AQUIFER IS NOT SO DISTINCTI!VE. In Mugu NavaL Base weeL #3
(IN/21W=-31L1) THE OXNARD AQUIFER APPEARS ON THE ELECTRIC LOG AS A GRAVEL
ZONE AGOUT 60 FEET THICK AND WITH ITS TOP AT A DEPTH OF ABouT 200 FEET,
ELSEWHERE BENEATH THE MuGu NavaL BASE SANDY MATERIALS COMPRISE MOST OF THE
uPPER 500 FEET AND THE OXNARD AQUIFER IS DIFFICULT TO RECOGNIZE.

OTrEzrR UPPER PLEISTOCENE AQUIFERS

BETWEEN THE BASE OF THE OXNARD AQUIFER AND THE UNGONFORMITY WHICH
MARKS THE TOP OF THE SAN PEDRO FORMATION 1S A SECTICON, PERHAPS 200 FEET
THICK, OF CLAYS, SANDS, AND GRAVELS AS YET NOT EXTENSIVELY EXPLORED AND
TESTED BY WATER WELLS. THE BEST AQUIFER POTENTIALS IN THESE DEPOSITS ARE
IN THE SAME AREAS WHERE THE OXNARD AQUIFER Y!ELDS PROLIFiCALL?; THUS THERE
HAS DBEEN NOC URGENCY TO DRiLL DEEFPER TO TAP THESE. BENEATH THE EL Rio
SPREADING GROUNDS GOOD GRAVELS WERE ENCOUNTERED IMMEDIATELY BELOW THE OXNARD
AQUIFER AT DEPTHS BETWEEN 150 anp 250 FEeT. A4S SHOWN ON SECTION Q-Q',
PLaTE 18, THESE GRAVELS APPEAR TO FINGCH OUT RATHER QUICKLY IN A SEAWARD
DIRECT!ION. IN THE MuGUu AREA, A WIDESPREAD GRAVEL ZONE NAMED THE Mugu
AQUIFER (REF. 17) IS SHOWN ON THE ELECTRIC LOG oF Mugu NavaL Base weLt #3
(IN/21W=31L1) BETWEEN DEPTHS OF 350 ano 420 FEET. NORTHERLY TOWARD SATICOY
THE MUuGU AQUIFER BECOMES LESS PERMEADLE AND APPARENTLY 1S REPLACED BY A
SERIES OF ALTERNATING THIN SANDS AND CLAYS. OVER THE MUGU AREA, HOWEVER,
ESPECIALLY TO THE NORTH OF THE NAVAL BASE, THERE IS EXTENSIVE PUMP{NG FROM
THIS AQUIFER.

AT THE DBASE oF THE UPPER PLEISTOCENE DEPOSITS IS A VERY !MPORTANT
UNCONFORMITY DEVELOPED. ON. THE FOLDED AND- FAULTED- SaAN- PEDRO -FORMATI-ON N
THE RELATIVELY FEW WELLS ON THE OXNARD PLAIN WHERE IT CAN BF LOCATED WITH

CONFIDENCE, !T IS FOUND AT & DEPTH OF ABGUT 400 FEeET. IN THE MORE DISTURBED
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AREAS SUCH AS DENEATH THE SATICOY SPREADING GROUNDS AND WESTERLY ALONG THE
MonNTALVO FAULT, THERE 1S A STRONG ANGULAR RELATIONSHIP. OVER MOST OF THE
AREA OF THE OXNARD PLAIN THE ANGULAR DISCORDANGCE APPEARS TO BE SMALL. A
MINOR, YOUNGER UNCONFORMITY SEFPARATES THE OXNARD AQUIFER FROM THE OLDER
UPPER PLEISTOCENE LAYERS. THERE IS ANGULAR DISCORDANCE IN THE MONTALVO
BASIN AND THESE RELATIONSHIPS PRODALLY EXTEND WESTERLY ALONG THE MONTALVO
FAULT TO THE COASTLINE.
CLay CarP

THE CONFINEMENT OF THE OXNARD AQUIFER BENEATH THE OXNARD PLAIN
BASIN 1S CAUSED BY THE so0-CaLLED "cLay caP™, WHICH CONSISTS OF MANY SILTY
AND CLAYEY LAYERS ALONG WI!TH INTERBEDDED LENSES CF SANDS AND MINOR GRAVELS.
ALTHOUGH ITS CHARACTERISTICS HAVE BEEN GENERALIZED FOR THE SAKE OF
SIMPLICITY, IN DETAIL IT IS QUITE COMPLEX. SECTION Q=Q', PLaTE 18 sHows
THE RELATIVELY ADRUPT START OF THE CLAY LAYERS WHiCH TYPIFIES THE SOUTH~-
EASTERN DBOUNDARY OF THE MoNTALvVvO BASIN. AT THE SOUTHWESTERN BOUNDARY OF
THE MoNTALVO BAsSinN, THE EFFECTIVE UPSLGPE EDGE OF THE CLAY CAP |S MORE
DIFFICULT TO DELINEATE (SecTion R=-R', PLATE 18). STARTING WITH THE THIN
CLAY LENSES NORTH OF OXNARD, THE CLAY CAP CONTAINS MORE LOW PERMEAGILITY
LAYERS TOWARD THE OCEAN UNTIL THE NET CLAYEY LAYER THICKNESS OVERLYING THE
OxNARD AQUIFER BEcOMES 100 FEET OR MORE. MOST OF THE [INFORMATION ABOUT THE
CLAY CAP WAS OOTAINED FROM DRILLERS' LOGS; SOME HAS DEEN ODTAINED FROM
ELECTRIC LOGS OF C!L AND WATER WELLS. THE LOW PERMEADBILITY MATEéiALs ARE
CERTAINLY NOT CAPAGLE OF Y|ELDING APPREC|ADLE SUPPLIES OF WATER TO WELLS.
LESS CERTAIN S THE EXTENT TO WHICH THE SO-CALLED ‘fcLays” ARE ACTUALLY
SILTS, WHICH, OVER PROLONGED PERIODS OF TIME WITH APPRECIABLE HYDRAULIC
GRADIENTS, WILL PERMIT A SUBSTANTIAL AMOUNT OF WATER TO MOVE THROUGH THEM.
DURING THE TEST DRILLING FOR THE NEW STEAM PLANT IN SecTion 1, TIN, R23W,
NUMEROUS SAMPLES WERE TAKEN, PHYSICALLY TESTED, AND DESCRIBED IN DETAlLS
THESE DESCRIPTIONS REVEAL THAT NONE OF THE LOW PERMEABILITY LAYERS ARE
TRUE CLAYS., MANY OF THE LAYERS ARE DESCRIDBED AS CLAYEY SILTS, AND IT IS
DOUBTFUL THAT SUCH LAYERS WOULD PERMIT EXTENSIVE WATER MOVEMENTS ACROSS
THE OEDDING PLANES. GENERALLY SPEAKING, THE CLAY CAP IS AN EFFECTIVE
BARRIER TO VERTICAL MOVEMENTS OF WATER OETWEEN THE OXNARD AQUIFER AND THE
SEMI—PﬁhCHED zo&é. NEVERTHELEQS,HTHEVCHANCEé %ORHINTERCOMMUNICAfloﬁ

INCREASE AS THE NET THICKNESS OF THE LOW PERMEAOSILITY LAYERS DECREASES. IN
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A FEW PLACES THIS THICKNESS MAY BE AS LITTLE AS 15 To 20 FEET.

THE SURFICIAL DEPOSITS OF THE OXNARD PLAIN, PERHAPS THE ToP 50
FEET, CONSTITUTE THE LAYERS OF RECENT AGE. THESE AVERAGE SANDIER THAN THE
CLAY CAP, AND ARE ESPECIALLY SANDY IN STRIPS WHICH APPEAR TO BE CHANNELS
(SecTioN S=S*', PLaTE 18). WITHIN THESE DEPOSITS ARE THE SHALLOW, POOR
QUALITY WATERS OF THE SEM|=PERCHED ZONE.

SOURCES OF RECHARGE

THE ONLY SOURGE OF PERENN{AL RECHARGE TO THE OXNARD AQUIFER
BENEATH THE OXNARD PLAIN WHICH 1S OF REASONABLY GOOD CHEMICAL QUALITY IS
THE UNDERFLOW FROM MonTALVO BASIN., AS WiLL DE EXPLAINED IN DETAIL LATER,
THERE IS A LARGE AMOUNT OF WATER MOVING FROM THE SEMI-PERCHED ZGONE THROUGH
THE CLAY CAP IN WELLS TO THE OXNARD AQUIFER. THIS RECHARGE, ESSENTIALLY
IRRIGATION RETURN WATER, OCCURS ONLY IN DRY PERIODS WHEN WATER=LEVEL
GRADIENTS ARE FAVORABLE, AND IS OF VERY POOR CHEMICAL QUALITY.

UNDERFLOW FROM MouNe BasiN TO THE OXNARD AQUIFER IS VIRTUALLY
NONEXISTENT, FOR ALONG ITS NORTHERN LIMIT THE OXNARD AQUIFER WAS DEPOSITED
AGAINST CLAYEY UPPER PLEISTOGCENE TERRACE MATER!ALS. FURTHERMORE, SUCH
MOVEMENT WOULD OE PREVENTED BY ADVERSE WATER-LEVEL GRADIENTS. MUCH THE
SAME GEOLOGIC CONDITIONS PREVAIL ALONG THE DOUNDARY OF THE OXNARD PLAIN AND
THE WEsST Las Posas AREA. FARTHER SOUTH ALONG WooD RoaD THE OXNARD AQUIFER
SHOWS SEVERAL PERMEABLE LAYERS PINCHING OUT, AND REPLACED AT THE SAME
LEVEL OY THICK CONTINUOUS cLaYs (SecTion S-S', PLaTe 18). WESTERLY UNDER~

FLOW FROM PLEASANT VALLEY INTO THE OXNARD AQUIFER IS INSIGNIFICANT. IT

- 1S POSSIBLE THAT THE OXNARD AQUIFER IN THE MuGU AREA MAY DIRECTLY ADBUT

AGAINST THE VOLCANIC ROCKS OF THE SanTa Monica MOUNTA!NS. A VERY sMaLL
AMOUNT OF RECHARGE MIGHT BE DERIVED FROM THIS SOURCE, DBUT FROM A PRACTICAL
QUANTITATIVE STANDPOINT THIS |TEM COULD DE NEGLECTED.

THE SOURCES OF RECHARGE TO THE OTHER UPPER PLEISTOCENE AQUIFERS ARE
MUCH LESS CLEAR. CONTRIBUTIONS FROM THE MoUND BASIN WOULD BE PREVENTED
DY ADVERSE WATER-LEVEL GRAD/ENTS. THERE ARE NO [MPORTANT PERMEABLE ZONES
AT COMPARADLE DEPTHS IN EIJTHER WeEST Las Posas oR PLEASANT VALLEY AND
UNDERFLOW FROM THESE SOCURCES WOULD DE SMALL. [F THERE 1S SIGNIFICANT
PERENNLAL RECHARGE TO THESE AQUIFERS [T IS PRODBAGLY DERIVED FROM THE
MoNTALVO BasiN., HOWEVER, THE GRAVELS BENEATH THE MONTALVO BAsSIN APPEAR TO

BE VERY LENTICULAR (SecTion Q-Q', PraTe 18). THE MuGuU AQUIFER, WHICH IS
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THE LOWEST PERMEACLE ZONE ON SECTIoN Q-Q', PLaTE 18, 1S VERY CONTINUOUS
IN THE MuGU AREA, BUT CAN NOT BE TRACED TO.A POTENTIAL RECHARGE AREA IN
THE MONTALvVO BasiIN. I'T I's VERY O0BVIOUS THAT THE DEGREE OF CONTINUITY
DISPLAYED BY THESE OLDER UPPER PLEISTOCENE AQUIFERS 1S MUCH LESS THAN THAT
OF THE OXNARD AQUIFER.
HORIZONTAL MOVEMENTS OF WATER

UNDER NATURAL CONDITIONS, WATER ENTERED THE OXNARD AQUIFER AS
STREAM PERCOLATION AND RAINFALL PENETRATION WITHIN THE McNTALVO BASIN, AND
AS UNDERFLOW FROM SanNTa PAuLa BasiIn. THE WATER MOVED WESTERLY AND SGUTHERLY
TOWARD THE OCEAN. ESCAPE OF THIS WATER MAY HAVE TAKEN PLACE ALONG THE
ENTIRE SUBMARINE OUTCROP OF THE OXNARD AQUIFER, ALTHOUGH THE SUBMARINE
OUTFLOW WAS PRODABLY CONCENTRATED IN HUENEME AND MUGU SUBMARINE CANYCNS.
BECAUSE OF THE CONFINING CLAY CAP, HIGH ARTES!AN HEADS WERE MAINTAINED OVER
MUcH OF THE OxnNArRD PrLaiN. Heaps oF 20 FEET OR MORE ADOVE THE GROUND
SURFACE HAVE DEEN REPORTED FOR THE PORT HUENEME AREA. THESE HIGH COASTAL
HEADS OPERATED TO SLOW THE COASTWARD UNDERFLOW, ALTHOUGH MONTALVO BaASIN
PROBADLY REMAINED FULL MOST OF THE TIME, AND SHOWED HIGH LEVELS ALSO. WITH
MoNTALVO BastnN WATER LEVELS HIGH, SOME UNSERFLow PROBABLY TOPPED THE CLAY
CAP AND FLOWED SEAWARD IN THE SURF{CIAL SANDS. J[HE SHALLOW GROUND WATERS
WERE ABLE TO MOVE WESTERLY AND SOUTHERLY AND IN PLACES WERE ADLE TO REACH

THE OCEAN. NoRrTH oF PoRrT HUENEME, AND EXTENDING TC ABOUT THE MOUTH OF THE

SanTA CLArRA RIVER, IS A NARROW STRIP OF SAND DUNES. UNDER NATURAL CONDITIONS,

THE DEVELOPMENT OF A HIiGH FREE WATER TABLE N THESE DUNES AS A RESULT OF
RAINFALL PENETRATION SERVED AS A BARRIER TO THE SEAWARD FLOW OF THE SHALLCW
GROUND WATERS. THE RESULT WAS THE BACKING UP OF THE WATER ON THE {NLAND
SIDE OF THE DUNES. EARLY soiL maprs (ReF. 6) SHOW PONDS AND EXTENSIVE AREAS
OF ALKAL! RESULTING FROM HEAVY EVAPOTRANSPIRATION DEHIND THIS WATER—TABLE
RIDGE. THE PONDING EFFECT BETWEEN PORT HUENEME AND POINT MUGU MAY HAVE
BEEN LESS DECAUSE OF SMALLER DUNES. ALKALI DISTRIDUTION SUGGESTS THAT THE
SURFJCIAL WATERS WERE ABLE TO ESCAPE TO THE OCEAN NEAR THE RIVER MOUTH AND
NEAR PoORT HUENEME.

In 8ection 1, TIN, R23W, THE WATER-TABLE RIDGE STIiLL FORMS I[N THE
DUNE SANDS. . IN THE SPrING OF 1958, WHEN THERE WAS AODNORMALLY HLGH RAINFALL,
THE WATER TAOLE IN THE DUNES HAD BUILT UP TO AN ELEVAT!ON OF aBouT 20 FEET

ABOVE SEA LEVEL. A WATER SAMPLE FROM A VERY SHALLOW WELL IN THE DUNE SANDS

H1-39



SHOWED TOTAL BISSOLVED SOLIDS OF ONLY 189 PARTS PER MILLION. IN ABOUT A
YEAR THE WATER TAODLE HAD DROPPED 10 FEET AND THE TOTAL DISSOLVED SOLIDS HAD
RISEN TO ovVER 1000 PARTS PER MILLION. ' '

IN THE SprING OF 1944 (PLATE 21), WATER MOVEMENTS WITHIN THE
OXNARD AQUIFER WERE ESSENTIALLY THE SAME AS THOSE UNDER NATURAL CONDITIONS,
ALTHOUGH THE P!EZOMETRIC SURFACE AVERAGED MORE THAN 10 FEET LOWER THAN
DURING THE wa% PERIOD ENDING IN THE EARLY 1920's. ForrLowing 1944, as THE
DROUGHT PROGRESSED AND AS PUMPING INCREASED, THE WATER LEVELS IN THE OXNARD
PLAIN WERE LOWERED TO DBELOW SEA LEVEL OVER ALL BUT THE MGST LANDWARD
PORTIONS OF THE PLAIN. By THE FarLL oF 1957 STATIC WATER LEVELS WERE AS
SHOWN oN PrLaTE 22. ESSENTIALLY ALL OF THE WATER LEVELS WERE ODELOW SEA LEVEL;
ONLY THE NORTHERN' PART OF THE MONTALVO BASIN AND THE CONFINED AREA TO THE
EAST SHOWED WATER LEVELS ADOVE SEA LEVEL. WATER MOVEMENTS UNDER THESE
CONDITIONS ARE TOWARD THE RESIDUAL PUMPING TROUGHS. NORTH OF PoRT HUENEME
THE PUMPING TROUGH AXIS PARALL&LS THE COASTLINE AND 1S 2 TO 3 MILES INLAND.
THE LOWEST STATIGC WATER LEVELS ARE NORTHEAST AND EAST OF PORT HUENEME, AND
THE WATER-LEVEL CONTOURS INDICATE THE MOVEMENT OF WATER FROM BENEATH THE
OCEAN TOWARD THE TROUGH AXIS. THE STEEP WATER=-TABLE GRADIENT NEAR WooD
RoAD DOES NOT DEMONSTRATE WATER MOVEMENT FROM PLEASANT VALLEY TOWARD THE
OxNARD PLAIN; THI1S IS GEOLOGIGCALLY IMPOSSIOLE AT SHALLOW DEPTHS. THE
LOW WATER LEVELS NEAR THE EASTERN PINCHOUT OF THE OXNARD aQuiFeEr (Woop RoaD)
ARE EXPLAINED BY LENTICULARITY OF THE PERMEADLE ZONES,

FOLLOWING THE HEAVY RAINS OF EARLY 1958, WHICH RESULTED IN A
RATHER LONG PERIOD OF NON=PUMPING, THE WATER LEVELS SHOWED A GOOD RECOVERY
(PLATE 21). ALL THE AREA NORTH OF THE CiTY O0F OXNARD SHOWS WATER LEVELS
ABOVE SEA LEVEL. FPARTLY AS A RESULT OF THE SPREADING ACTIVITIES, MONTALVO
BASIN WAS FILLING RAPIDLY IN THE SPRING OF 1958. THE WATER-TADLE MOUND
IN SECcTION 23, T2N, R22W REFLECTS THE SPREADING AT THE EL Ri0 GROUNDS.
MosT OF THE COASTAL PORTION OF THE OxNARD PLAIN, WHICH IN THE FaLL oF 1957
WAS SEAWARD OF THE TROUGH AX!S, RECOVERED BECAUSE SEA WATER MOVED [(NTO THE
OXNARD AQUIFER. THUS, FOR COASTAL AREAS, THE ''RECOVERIES'" TO SEA LEVEL MUST

BE VIEWED IN A CAUTIOUS WAY. As o0F THE SPRiING OF 1958 THE TROUGH HAD NOT

BEEN REMOVED COMPLETELY, DBECAUSE NOT SUFFICIENT TIME HAD ELAPSED FOR

COMPLETE RECOVERY., SMALL LANDWARD GRADI{ENTS STILL PERSISTED. THE ABOVE~-

SEA-LEVEL ELEVATIONS NEAR PORT HUENEME ARE NOT UNEXPECTED. THEORETICALLY,
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IN THE OXNARD AQUIFER, SEA WATER SHOULD DALANCE FRESH WATER STANDING AT
AN ELEVATION OF MORE THAN 6 FEET AGOVE SEA LEVEL.
MOVEMENTS FROM DEEPER AQUIFERS

IN MANY PLACES DENEATH THE OXNARD AQUIFER THERE ARE SANDS AND
GRAVELS WHICH APPEAR TC ODE HYDROLOGICALLY DISTINCT FROM THE OXNARD AQUIFER.
Hueneme NavaL Base werr #4 (IN/22W-20B1) HAS NOT BEEN INTRUDED BY SEA

WATER WHEREAS A WELL FARTHER INLAND (1IN/22W-17J2) ALREADY SHOWS HIGH

CHLORIDES. WeELL 20B1 APPEARS TO DE PERFORATED ONLY IN AN AQUIFER WHICH

1s BeELow THE OXNARD AQUIFER. LACK. OF SEA~WATER INTRUSION MAY BE EXPLAINED
oy (1) THE SEA-WATER FRONT IN THIS AQUIFER HAS NOT YET REACHED THE POSITION
oF weLL 20B1; or (2) THE AQUIFER TAPPED IS NOT (N HYDRCLOGIC COMMUNICATION
WITH SEA WATER. |F THE SEA-WATER FRONT WERE ADVANCING [N THIS AQUIFER,
THE WATER LEVELS IN WELL 20B1 SHOULD BE HIGHER THAN THOSE IN THE INTRUDED
OXNARD AQUIFER NEARBY, WHICH IS NOT THE CASE. THE DEEPER AQUIFER THEREFORE
MAY BE LENT!CULAR, AND NOT EXPOSED TO THE OCEAN. THE TENDENCY HERE IS
FOR WATER TO MOVE DOWNWARD FROM THE OXNARD AQUIFER INTO THE DEEPER AQUIFER.

WeLL 1IN/22W-23J1 SHOWS PERSISTENTLY HIGHER WATER LEVELS THAN
SURROUNDING WELLS AND PROBADLY REPRESENTS CONDITIUNS IN A DEEPER, HIGHER
HEAD ZONE. THERE ARE NO PERFORATION DATA TO RESOLVE THIS PROBLEM. NORTH
of THE Mucu NavaL Base, wHERE THE Fox CANYON AQUIFER IS SHALLOW, THERE ARE
SOME WELLS WHICH ARE PERFORATED IN THE OXNARD AQUIFER, THE MuGU AQUIFER,
AND THE Fox CaNYON AQUIFER, OR IN THESE TAKEN TWO AT A TIME. THE RESULT
IS A HIGH DEGREE OF COMMUNICATION AMONG THESE AQUIFERS THROUGH THE MULTI-
ZONE WELLS. |IN THIS AREA, SMALL HEAD DIFFERENCES DBETWEEN AQUIFERS ARE
BEING ADJUSTED DY FLOWS WITHIN THE WELLS, ESPECIALLY WHEN NOT PUMPING.
DOWNWARD LEAKAGE FROM SEMI-PERCHED ZONES

IN A RECENT PAPER, IsHERW0OD ANG PiLLsoury (ReF. 39) Have
SUGGESTED A DOWNWARD LEAKAGE FROM THE SEMI-PERGHED ZONE OF acouT 14,000
ACRE-FEET PéR YEAR. T[HEIR FIELD PROGRAM INVOLVED THE INSTALLATION OF
140 P1EZOMETERS, EACH 11 FEET DEEP, ON ROUGHLY A HALF=MILE GRID. LATER,
A NETWORK OF 271~F0OT PIEZOMETERS WAS INSTALLED ON ASOUT A ONE=-MILE GRID.
EACH OF THE 21=F0OT PIEZOMETERS WAS INSTALLED WITHIN A FOOT OR TwO OF AN
11~F0OT PIEZOMETER ALREADY IN PLACE. WATER-LEVEL ELEVATIONS WERE DETERMINED

ABOUT SEMI-ANNUALLY FROM 1953 T0 1956. Many OF THE PIEZOMETER PAIRS
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SHOWED A

A DEEPER

DOWNWARD HYDRAULIC GRADIENT BETWEEN DEPTHS OF 11 AND 21 FEET.

TEST HOLE NEAR WooD AND LAGUNA ROADS SHOWED DOWNWARD HYDRAULIC

GRADIENTS TO THE TOTAL HOLE DEPTH CF 63 FEET» . THE ESTIMATE OF ODOWNWARD

LeakaGE (14,000 ACRE-FEET PER YEAR) WAS OASED ON THE FOLLOWING INFORMATION

AND REASONING?

(1)

(2)

(3)

(5)

(6)

(7)

THE CHANGE IN WATER LEVELS IN TWO PIEZOMETERS DURING A SUMMER
PERIOD WHEN NO IRRIGATION WATER WAS APPLIED IN THE VICINITY.

THE WATER LEVELS WERE WELL DELOW THE NEIGHGORING TILE DRAINS AND
SLIGHTLY ABOVE THE BOTTOM OF THE NEAREST DiTcH (1/4 MILE DISTANT).
THE TWO PIEZOMETERS ODSERVED BOTH GAVE A CHANGE IN LEVEL EQUIVALENT
To 0.9 FOOT OF WATER PER YEAR. THIS 0.9-F0OT DRGP REPRESENTS

AN EXTRAPOLATED FIGURE DETERMINED FROM MEASUREMENTS TAKEN DURING

A TWO=MONTH PERIOD.

DowNwARD VERTICAL GRADIENTS ARE ADBOUT 100 TIMES AS GREAT AS THE
HORJZONTAL HYDRAULIC GRADIENTS FROM THESE TWO PIEZOMETERS TO THE
NEAREST DRAIN.

IN THE OPINION OF THE AUTHORS IT 1S UNLIKELY THAT THE MEAN
HYDRAUL{C CONDUCTIVITY IN A HORIZONTAL DIRECTION WILL BE ANY
GREATER THAN IN A VERTICAL DIRECTION. THE AUTHORS SUGGEST THEI(R
ASSUMPTION REGARDING THE LIKELY EQUALITY OF HORIZONTAL AND VERTICAL
CONDUCTIVITY MAY BE INCORRECT; BUT EVEN IF THE HORIZONTAL
CONDUCTIVITY EXCEEDS THME VERT{CcaL By 100 To 1, THE HORIZONTAL
GRAD!IENT WOULD STI!LL HARDLY EXCEED THE VERT!{CAL GRADJENT.

FrROM THE ABOVE REASONING, ONLY HALF oF THE O.9 FOOT PER YEAR,

OR O.45 F0OT PER YEAR IS ATTRIDUTED TO DOWNWARD LEAKAGE.

THE O.45 FCOT PER YEAR FIGURE WAS APPLIED OVER AN AREA OF

32,000 ACRES TO ARRIVE AT THE ANNUAL DOWNWARD LEAKAGE oF 14,000
ACRE=FEET.

OUR REVIEW OF THE WORK OF |SHERWOOD AND PILLSBDURY HAS [NVOLVED

THE FOLLOWING:

(1)
(2)

(3)

THE COLLECTION OF ALL THE WATER=-LEVEL MEASUREMENTS MADE BY THEM;
PLoTTiING ON A BASE MAP, THE MAGNITUDES AND DIRECTIONS OF
HYDRAUL!C GRADIENTS SHOWN BY WATER-LEVEL DIFFERENCES IN THE
P!EZOééfERrPAIRé; . - ' 7 A -

PERSONAL DISCUSSIONS WITH |ISHERWOOD AND PILLSBURY.
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THERE 1S NO REASON TO DOUBT THE EXISTENCE OF THE DOWNWARD HYDRAUL!IC

'

GRADIENTS AND A CONCLUSION FROM THESE THAT IN THE PLACES THE SHALLOWEST
WATERS ARE ACTUALLY MOVING DOWNWARD, THE FOLLOWING CONDITIONS MAY BE USED
TC EXPLAIN THE DOWNWARD GRADIENTS:

(1) APPLICATION OF WATER FROM ADOVE (PERCHING)
(A) IRRIGATION RETURN
(o) RAINFALL PENETRATION

(2) WiTHDRAWAL OF WATER FROM DBELOW

(A) BY OUTFLOW TO THE OCEAN

(p) BY CLAY CAP LEAKAGE DUE TO PRESSURE REDUCTION IN THE OXNARD
AQUIFER

(¢) BY PUMFED REMOVAL FROM PERFORATED SHALLOW SANDS ABOVE THE
OXNARD AQUIFER

(p) BY DOWNWARD LEAKAGE TO THE OXNARD AQUIFER THROUGH MULT!~
PERFORATED CABLE-TOOL WELLS, GRAVEL-PAGCKED ROTARY WELLS, OR
ABDANDONED WELLS WITH DETERIORATED CASINGS. )

THE ESTIMATES OF DOWNWARD LEAKAGE WERE BASED UPGN DATA OBTAINED
DURING A TIME WHEN APPLICATION OF WATER FROM ABOVE WAS NOT A FACTOR. OQut-
FLOW TO THE OCEAN FROM ZONES DBELOW 271 FEET IS FAVORED DY A CONTINUOUS

GRADIENT TOWARD THE COASTLINE, ZUT S HINDERED DY (A) THE WATER-TADLE RIDGE

DEVELOPED IN THE COASTAL DUNES, AND (B) THE NECESSITY OF HAVING PROPORTIONALLY

HIGHER HEADS AT DEPTH TO PERMIT OUTFLOW OF FRESH WATER INTO THE SALT WATER

OF HIGHER SPECIFIC GRAVITY.
IF PRESSURE REDUCTION IN THE OXNARD AQUIFER GENERATED DOWNWARD
LEAKAGE THROUGH THE CLAY CAP, AND THE CLAY CAP IS ASSUMED TC BE OF UNIFORM
PERMEADBILITY, THE MAXIMUM DOWNWARD GRADIENTS SHOULD COIMCIDE WITH THE
AREAS OF MAXIMUM DEPRESSION CF THE OXNARD AQUIFER PIEZOMETRIC SURFACE.
THIS IS DEFIM{TELY NOT THE PATTERN. A MORE ACCURATE GENERALIZATION [S A
CLAY CAP OF VARIADLE PERMEADILITY. UNDER THESE CONDITIONS THE MAXIMUM
DOWNWARD PIEZOMETER GRADIENTS SHOULD COINCIDE WITH 'HoLES™ 0OR ROUTES OF
MAX1MUM PERMEABILITY THROUGH THE CLAY CAP. A STUDY OF THE GRADIENTS
OCTAINED FROM THE PIEZOMETER DATA REVEALS THE FOLLOWING:
(1) SOME PIEZOMETER PAIRS SHOW PERSISTENT DOWNWARD GRADIENTS; SOME
SHOW PERSISTENT UPWARD GRADIENTS; SOME SHOW DOWNWARD GRADIENTS
AT CERTAIN TIMES, UPWA®XD AT OTHERS.
(2) THERE 1S NG CONSISTENT PATTERN SHOWING THAT GRADIENTS FLUCTUATE
WITH THE SEASONS, OR HAVE CHANGED PROGRESSIVELY !N ONE DIRECTION

WITH TIME.
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(3) THREE FAIRLY PERSISTENT AREAS OF DOWNWARD GRADIENTS MAY OE

rw RECOGN!ZED:
L

(aA) DUE wesT oF OxnaRD IN SeEcTion 5, TIN, R22W. THE OxNARD
AQUIFER HERE IS OVERLAIN OY A NET CLAYEY THIGKNESS OF AT

- LEAST 70 FEET,
‘ (o) Due EasT oF PorRT HUENEME IN ABOUT SECTION 22, T1IN, R22W.

MosST LOGS INDICATE A NET CLAYEY THICKNESS OF ABOUT 90 FEET
- OVERLYING THE OXNARD AQUIFER.
3 (¢) THE ENTIRE EASTERN PART OF THE COASTAL PLAIN DOTH EAST AND
‘ WEST OF WoobD Roab. WEST OF Woob Roab THE OXNARD AQUIFER IS
THIN AND THE CLAY CAP 1S MUCH LESS SANDY THAN [N THE CENTRAL
‘ PART OF THE OxnaRD FLaInN. EaAsST oF Woob Rcab, IN PLEASANT
VALLEY, THERE 1s NOo OXNARD AQUIFER. THE HIGHEST DOWNWARD
GRADIENTS FOUND, iN PLEASANT VALLEY SoUTH OF CAMARILLO, WERE
RECORDED FOLLOWING A RAIN, IN MarcH 1954,

THE FOLLOWING CONCLUSIONS SEEM JUSTIFIED:
2 (1) THERE 1S NO WIDESPREAD GENERAL LEAKAGE THROUGH THE CLAY CAP FROM
| | ‘ THE SEMI-=-PERCHED ZONE INTO THE OXNARD AQUIFER,
(2) THERE IS NO RELATIONSHIP OF MAXIMUM DOWNWARD GRADIENTS TO PLACES
IN THE CLAY CAP WHERE INTERDEDDED SANDS ARE THICKEST. THUS THE
WATER DOES NOT APPEAR TO BE MOV;NG DOWNWARE THROUGH "HoLeES!" N
THE CLAY CAP.
(3) MaNY OF THE RECORDED DOWNWARD GRADIENTS MAY BE THE RESULT OCF
RAINFALL PENETRATION AND IRRIGATION RETURN, NOT NECESSAR{LY THE
RESULT OF WITHDRAWAL FROM OELOW.
, HOWEVER, THE ISHERWOOD AND PILLSDURY DATA DC DEMONSTRATE THE
} FOLLOWING:
(1) SoME WATER IS MOVING DOWNWARD BELOW THE SOIL ZONES.
; ! (2) THIS MOVEMENT 1S LOCAL, RATHER THAN GENERAL.
(3) THE DIRECTION OF THIS MOVEMENT MAY CHANGE WITH TIME.
' THE DOWNWARD MOVEMENT 1S BEST EXPLAINED BY FUMPAGE FROM WELLS
WITH VERY SHALLOW PERFORATIONS, OR DOWNWARD TRANSMISSION TO THE OXNARD
] AQUIFER THROUGH MULT!=-PERFORATED WELLS, ACBANDONED WELLS, OR IMPROPERLY
CASED ROTARY GRAVEL=PACKED WELLS. EXCEPT IN PLEASANT VALLEY, THE DOWNWARD~=
MOVING WATER IS FOR THE MOST PART REACHING THE OXNARD AQUIFER. THE
} PRESENT DOWNWARD MOVEMENTS PROBABLY DID NGOT START UNT!L THE MIn=1940's aT
THE START OF THE CURRENT DROUGHT. SiMILAR COWNWARD MOVEMENTS MAY HAVE
} OCCURRED DURING THE 1930's. TH!S DOWNWARD MOVEMENT TO THE OXNARD AQUIFER

MUST DBE VIEWED VERY SER!IOUSLY DBECAUSE OF THE POOR QUALITY OF THE SEMI=-
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PERCHED WATERS.

THE METHOD USED BY ISHERWGOD AND PILLSBURY To ESTIMATE THE
DOWNWARD LEAKAGE 1S VERY MUCH SUBJECT TO QUESTION: THE CHANGES IN WATER
LEVELS USED WERE ODTAINED IN ONLY TWO PIEZOMETERS. THE CHANGE WAS RECORDED
DURING A PERIOD OF ONLY TWO MONTHS IN THE SUMMER AND EXTRAPOLATEC TO AN
ANNUAL 0ASIS. REGARDLESS OF THE MECHANISM USED TO EXPLAIN THE DOWNWARD
MOVEMENT, THE SUMMER RATE WOULD PROBADLY BE HIGHER THAN THE YEARLY AVERAGE.,
ALSO, THE FIGURE SELECTED APPEARS TO BE MUCH HIGHER THAN A REPRESENTATIVE
AVERAGE WATER-LEVEL LOWERING FOR THE ENTIRE PIEZOMETER AREA. THE NET WATER
MOVING DOWNWARD, 0.45 FooT pPeR YEAR, IS EXTRAPOLATED TO AN AREA OF 32,000
ACRES, IN PLACES FAR DEYOND THE LIMITS OF THE OXNARD AQUIFER. THIS
EXTRAPOLATION IS NOT SUPPORTAOLE, FOR IN MANY AREAS THEIR DATA SHOW
GRADIENTS WHICH ARE PERSISTENTLY UPWARD, OR AT TIMES UPWARD.
FLUCTUATIONS OF WATER LEVELS

WITHIN THE EXTENSIVE AND CONTINUOUS OXNARD AQUIFER, THE
FLUCTUATIONS OF WATER LEVELS SHOW GRADUAL CHANGES FROM THE REGHARGE AREA
OF THE MONTALVO BASIN TOWARD THE OCEAN. AS PREVIOUSLY DISCUSSED, THE
HYDROGRAPHS OF WELLS IN THE MONTALVO BASIN SHOW A DEFINITE EMPTYING AND
FILLING RESPONSE, CORRESPONDING TO WET AND DRY PERIODS OR YEARS. By
DEFINITION, THE OXNARD PLAIN BASIN INCLUDES THAT PORTION OF THE COASTAL
PLAIN WHERE THE OXNARD AQUIFER IS CONFINED AND THUS THE HYDROGRAPHS SHOW
MORE PRONOUNGED PRESSURE EFFECTS. NEAR THE MoNTALVO Basin, HOWEVER, THE
HYDROGRAPHS SHOW A RESPONSE SIMILAR TO THE EMPTYING AND FILLING SEQUENGCE,
AS, FOR EXAMPLE, IN WELL 2N/21W-18R1 (PLaTeE 24). IN LATE 1951 AND AGAIN
IN LATE 1957 THE TOoP OF THE OXNARD AQUIFER MAY HAVE BEEN UNWATERED N THE
VICINITY OF THIS WELL.

CLOSER TO THE OCEAN AND THE PUMFING TROUGH, BUT STILL LANDWARD
OF THE PUMPING TROUGH, 1S WELL IN/22W-1P1 (PLaTE 24). THE HYDROGRAPH SHOWS
THE SHARP ANNUAL WATER=LEVEL DEPRESSION AND RECOVERY WHICH TYPIFIES PRESSURE
CONDITIONS. FOLLOWING THE WET YEARS OF THE EARLY FORTIES THERE WAS A
GRADUAL DECLINE OF WATER LEVELS; SEASONAL HIGHS SHCW A REGCOVERY TO ABOUT
SEA LEVEL EVEN IN THE EXTREMELY DRY CONDITIONS OF LATE 1951, OUT NOT IN
LATE 1957. THERE WAS UNUSUALLY GOOD RECOVERY ABOVE SEA. LEVEL IN.THE WET
YEARS OF 1952 aND 1958, REFLECTING THE INFLUENCE OF RECHARGE FROM A LAND~-

WARD DIRECTION.
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CLOSER TO THE OCEAN, WITHIN AND SEAWARD FROM THE PUMPING TROUGH,

WATER LEVELS SHOW A STRONG TENDENCY TO RECOVER TO SEA LEVEL, BUT LITTLEV

“TENDENCY TO RISE ADOVE . IT - ON. THE HYDROGRAPHS- OF -WELLS- 1N/21W-30F1 AND

2N/22W—31J1 (PLATE 24) THE EARLY FORTIES WERE GCHARAGCTERIZED DY ARTESIAN
FLOW, THEN A SHARP DECLINE WITH A MARKED LEVELING OF AVERAGE WATER LEVELS.
SEAWARD OF THE PUMPING TROUGH AX!S, WATER MOVEMENT HAS DEEN LANDWARD FROM
THE SEAWARD EXTENSIONS OF THE OXNARD AQUIFER, AND INVASION OF OCEAN WATER
HAS OCCURRED NEAR PORT HUENEME. ALTHOUGH WATER LEVELS DURING THE PUMPING
SEASON EACH YEAR MAY DROP SEVERAL TENS OF FEET BELOW SEA LEVEL, THERE IS
RECOVERY TO ABOUT SEA LEVEL EACH YEAR DURING THE PERIODS OF LESSER PUMPING.
BECAUSE OF THE SHORTNESS OF THE PERIODS OF MINOR PUMPING, IT IS DOUBTFUL
THAT RECOVERY IS EVER QUITE COMPLETE.
STORAGE CAPACITY

A DETAILED STUDY WAS MADE OF THE STORAGE CAPACITY OF THE SHALLOWER
AQUIFERS OF THE OXNARD PLAIN WHICH UNDERLIE THE CLAY cAP., DETERMINATIONS
OF NET SAND THICKNESS WERE MADE FOR ALL WELLS FOR WHIGH LOGS WERE AVAILABLE.
IN GENERAL, THE SAND COUNTS WERE MADE TO A DEPTH OF 400 FEET, UTILIZING
OIL WELL ELECTRIC LOGS FOR PREDICTING THICKNESSES OF THE DEEPER SANDS IN
PLACES WHERE THE WATER WELLS DO NOCT PENETRATE BEYOND THE OXNARD AQUIFER.
UTILtZING THESE DATA, A SAND THICKNESS WAS ASS|GNED FOR EACH SQUARE-=-MILE
SECTION OVER THE APPROXIMATE AREA OF 41,000 acrRES oF THE OXNARD PLAIN.
THE MonNTALVO BASIN WAS NOT INCLUDED IN THE STUDY. TO0 THE VOLUME OF
MATERIAL SO CALCULATED, A SPECIFIC YIELD VALUE OoF 20 PER CENT WAS ASSIGNED.
THE INDICATED STORAGE VOLUME LANDWARD OF THE SHORELINE WAS 1.2 MILLION
ACRE-FEET. WITHIN THE SEAWARD EXTENSIONS OF THE OXNARD AQUIFER THE STORAGE
VOLUME WAS ESTIMATED AS 1.7 MILLION ACRE-FEET. OSOME OF THIS SEAWARD
VOLUME HAS ALREADY BEEN REPLACED BY INTRUDING SEA WATER.
HYDRAULIC CONTINUITY WITH THE OCEAN

THERE 1S NO LONGER ANY DOUST THAT THE OXNARD AQUIFER HAS A
SUBMARINE OUTCROP IN HUENEME SUDMARINE CANYON. NOR 1S THERE ANY DOUDT
THAT THE HIGH CHLORIDES IN WELLS NEAR PORT HUENEME ARE THE RESULT OF OCEAN

WATER HAVING MOVED INTO THAT SUBMARINE OUTCROP AND DBENEATH THE LAND SURFACE

IN RESPONSE TO LANDWARD GRADIENTS. SQME QUESTION MAY PERHAPS REMAIN THAT

THE SEA~WATER WEDGE HAS REACHED WeELL 1TN/22W-17J2 because wert 1IN/22W-208B1,

ABOUT 1/2 MILE TOWARD THE COAST, SHOWS UNCONTAMINATED WATER. HOWEVER, THE
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ARRIVAL OF HIGH CHLORIDE WATER AT WELL IN/22W~17J2 1s CONSISTENT WITH THE
EXPECTABLE RATE OF ADVANCE AND SHOWS CHLORIDE FLUCTUATIONS, UPGN BEING
PUMPED, LIKE THE KNOWN INTRUDED WELLS. WeLL 1N/22W-20B1 APPEARS TO BE
PERFORATED ONLY IN A ZONE DEEPER THAN THE OXNARD AQUIFER, AND ONE IN WHICH
SEA WATER HAS NOT ADVANCED VERY FAR. IT IS QUITE PROBCABLE THAT THE ZONE
PERFORATED IN THIS WELL IS A LENS, WHICH HAS NO OUTCROP IN THE SUDMARINE
CANYON. THE UNUSUALLY LOW WATER LEVELS SUPPORT THE LENS EXPLANATION.‘ IF
THERE ARE MORE CONTINUOUS AQUIFERS OELOW THE OXNARD AQU!FER, THESE ARE
QUITE LIKELY EXPOSED TO OCEAN WATER IN HUENEME SUBDMARINE CANYON.

BENEATH THE Muau NAvVAL BASE THE STATUS OF SEA-WATER INTRUSION IS
MUGH LESS CLEAR. HIGH CHLORIDES HAVE BEEN RECORDED IN THE WATERS PUMPED
FrRoM OoseERvVATION wELL #2 (1S/21W-5H1) FOR ABOUT TEN YEARS. WATER SAMPLES
ARE TAKEN FROM TwWC SETS OF PERFORATIONS SEPARATED BY A PACKER AND A SEAL,
ERRATIC WATER LEVELS IN THIS WELL RENDER ALL CHEMICAL DATA SUBJECT TO
QUESTION. NO PRODUCING WELL ON THE Mucu NavaL BASE HAS AS YET BEEN INTRUDED

BY SEA WATER. CONSIDERING THE CONTINUITY OF BOTH THE OXNARD AQUIFER AND

THE MUGU AQUIFER IT 1S HIGHLY PROBACLY THAT BOTH HAVE OUTCROPS IN NEARDY

MUGU SUBMARINE CANYON, AND DES#ITE THE FACT THAT NO WELL AS YET
CONCLUSIVELY DEMONSTRATES THE ADVANCING SEA=-WATER FRONT, IT IS HIGHLY
PROCADLE THAT SEA~WATER INTRUSION HAS OEEN OCCURRING FOR SEVERAL YEARS 1IN
80TH THE OXNARD AQUIFER AND THE MuGU AQUIFER. |

AWAY FROM THE CANYONS THE PRESENCE OF SUBMARINE OUTCROPS OF THE
OXNARD AQUIFER 1S PROBABLE, WHEREAS FOR THE DEEPER AND MORE LENTICULAR
UpPER PLEISTOCENE AQUIFERS THE PROBABILITY IS LESS.

FOX CANYON AQUIFER

PHYSICAL CHARACTERISTICS AND AREAL DISTRIBUTION

THE Fox CANYON AQUIFER COMPRISES THE PREDOMINANTLY SAND AND
GRAVEL BASAL ZONES OF THE SAN PEDRO FORMATION,; WHICH, ON THE BASIS OF
ABUNDANT FOSSIL EVIDENCE HAVE BEEN ASSIGNED A LOWER PLEISTOCENE AGE. THE
TYPES OF FOSSILS AND PHYSICAL NATURE OF THE DEPOSITS INDICATE THAT THE
BASAL LAYERS OF THE SaN PEDRO FORMATION WERE DEPOSITED IN A MARINE
ENVIRONMENT AND IN SHALLOW WATER. AT THE TIME OF DEPOSITION THE Fox CaNYON
SANDS.  AND GRAVELS WERE SATURATED WITH SEA WATER..  AS_SHOWN BY THE CONTAINED
FOSSIL REMAINS, THE UPPER LAYERS OF THE SaAN PEORO FORMAT!ON WERE DEFOSITED

IN A NON-=MARINE ENVIRONMENT.
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THE San PEDRO FORMATION AND Fox CANYON AQUIFER UNDERLIE ALMOST :
ALL OF THE COASTAL PORTION OF THE DISTR!ICT. VARIATIONS IN CHARAGCTERISTICS
FROM PLACE TO PLACE HAVE DEEN PRODUCED BY ORIGINAL DIFFERENCES IN THE
MANNER OF DEPOSITION, AND DY EXTENSIVE FOLDING AND FAULTING DURING THE
MiDDLE PLEISTOCENE DISTURBANCE, WITH SUBSEQUENT REMOVAL OF SOME OF THE
LAYERS BY EROSION. THE MIDOLE PLEISTOCENE DISTURBANGCE RPRODUCED A SERIES

OF EAST—-WEST FOLDS AND FAULTS, SOME OF WHICH HAVE CONSIDERADBLE HYDROLOGI!C

SIGNIF{CANCE. THE NORTHERNMOST FOLD, THE SanTa CLARA RIVER SYNCLINE

(PLATE 17) CAN BE TRACED FROM THE COASTLINE NEAR THE CiTYy oF VENTURA ALL

THE WAY EAST INTO THE PIRU BASIN] IT PRODAGLY ALSQO EXTENDS FOR SOME DISTANCE
WESTERLY BENEATH THE OCEAN. NgEAR THE SANTA CLarRA RiVvER THE SanNn PEDRO BEDS
ARE ARCQED UPWARD ALONG THE MONTALVO FAULT, A COMPLEXLY FAULTED ANTICLINAL
FOLD WHICH IS THE WESTWARD EXTENSION OF THE Qak Ripee FauLT anD SouTH
MOUNTAIN UPLIFT, THEVVERTiCAL DISPLACEMENT ON TH!S HUGE ZONE OF FRACTUR!ING
DECREASES FROM A MAGNITUDE OF SEVERAL THOUSAND FEET NEAR THE END OF SOUTH
MouNTAIN TO AaBoOuUuT 500 FEET AT THE COASTLINE. IN THE MounND BASIN THE SURFACE
EXPOSURES OF THE SAN PEDRO FORMATION DO NOT SHOW THE THICK BASAL FoXx

CANYON SANDS AND GRAVELS. EXCELLENT EXPOSURES OF THE Fox CANYON LAYERS

ARE FOUND ON THE SOUTH FLANK OF SOUTH MOUNTAIN; THESE CONTINUE TO THE WEST
BENEATH THE ‘ALLUVIUM OF THE MoONTALVO BASIN AND CURVE SHARPLY TO THE NORTH
WHERE THE BEDS HAVE BEEN ARCHED ALONG THE UPTHROWN SIDE OF THE SATICOY
FauLT. THIS BURIED AREA OF THE Fox CANYON AQUIFER IS VERY {MPORTANT
HYDROLOGICALLY AND IS REFERRED TO AS THE ''SUB~ALLUVIAL OUTGCROP", WESTERLY
FROM SaTicoy THE Fox CANYON AQUIFER CAN BE TRACED, USING ELECTRIC LOGS

OF OiL WELLS, ON BOTH SIDES OF THE MONTALvVO FAULT TO THE COASTLINE. THE

Fox CANYON SANDS AND GRAVELS PINCH OUT IN A NORTHERLY DIRECTION DBENEATH

THE SANTA CLARA RIVER SYNCLINE. FRrROM THE SanTA CLARA RIVER SOUTH, HOWEVER,

THE Fox CANYON AQUIFER EXTENDS CONTINUOUSLY TO THE VICINITY OF THE SANTA
Monica MOUNTAINS, UNDERLYING ESSENTIALLY ALL OF THE Oxwar0 Prain, THE
WesT Las Posas ARea, THE CAMARILLO HiLLS, AND PLEASANT VALLEY.

ANOTHER IMPORTANT FOLD IS THE OXNARD SYNCLINE, EXTENDING

WESTERLY FROM THE WeEsT Las Posas aRea. ALONG THE AX!S OF THIS FOLD THE

BDASE O0F THE Fox CANYON 1S IN PLACES MORE THAaN 2000 FEeT DEEP. FARTHER

SOUTH, THE FAULTED ANTICLINE OF THE CaMARILLO HiLLS APPEARS TO DIE 0QUT TO

THE WEST., IN THE CaAMARILLO HiLLs, EXPOSURES OF Fox CANYON BEDS ARE RELATED
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TO UPLIFTS ALONG FAULTS. JTHE FLEASANT VALLEY AREA SHOWS SEVERAL MINOR FOLDS
AND FAULTS, BUT IS GENERALLY A WESTWARD=PLUNGING SYNCLINE. THE NORTH=
WESTERN FRONT OF THE SaNTA MoNtca MOUNTAINS IS PROBABLY ASSOCIATED WITH A
SERIES OF FAULTS, NOW LARGELY DURIED.

WATER WELLS TAFPING THE Fox CANYON AQUIFER ARE NUMEROUS (N
PLEASANT VALLEY, BUT HAVE DEEN DRILLED ONLYAALONG THE EDGES OF THE OXNARD
PLaAtN., BECAUSE THE CENTRAL PART OF THE OXNARD PLAIN IS UNDERLAIN BY A GOOD
SHALLOW AQUIFER, THERE HAS BEEN VERY LITTLE DEEP DRILLING FOR WATER.
DESPITE THIS LACK OF WATER WELLS, EXCELLENT INFORMATION REGARDING THE DEPTH
AND LiTHoLoGY OF THE Fox CaANYON AQUIFER ﬁAs DEEN OBTAINED FROM DATA COLLECTED
IN NUMEROUS OIL WELLS. FESPECIALLY VALUADLE HAVE DEEN THE ELECTRIC LOGS»

THE BAasSE oOF THE Fox CANYON AQUIFER IS QUITE READILY DETERMINED
FROM DRILLERS' RECORDS AND ELECTRIC LOGS, FOR DBELOW THE DASAL GRAVEL IS
USUALLY THE THICK SHALE OF THE SaNTA BARDARA FORMATION. A RECOGNIZABLE
CHANGE IN THE TYPES OF FOSSILS HAS BEEN DESCRIBDED AS OCCURRING AT THE BASE

)
oF THE Fox CANYON GRAVELS OR A SHORT DISTANCE DBELOW THE DASE. IN THE WEST

Las PosAs AREA, DENEATH THE CAMARILLO HiLLS, AND IN PARTS OF PLEASANT VALLEY,

THE TOP OF THE SANTA BARBARA FORMAT!ION SHOWS A THICK GRAVEL ZONE, REFERRED

To As THE GRImMEs CANYON MEMBER. OVER MUCH OF ITS AREA OF OCCURRENCE THE

GrRiIMES CANYON MEMBER HAS AN EXTENSIVE HYDRAULIC CONNECTION Wi{TH THE Fox
CANYON AQUIFER.

IN CONTRAST WITH THE GENERALLY RECOGNIZED BASE OF THE Fox Canvon
AQUIFER, THERE SEEMS TO HAVE BEEN NO CONSISTENT INTERPRETATION FOR THE
TOoP. WHEREAS THE SAND AND GRAVEL LAYERS NEA&R THE DBASE ARE TRACEADLE OVER
AN EXTENSIVE AREA, THE HIGHER SANDS AND GRAVELS ARE LESS CONTINUOUS,.
APPEARING AS LENSES IN VARIOUS STRATIGRAPHIC POSITIONS. ALONG THE LINE
FROM SaTicoy To PorT Hueneme (SecTioN Z-Z', PLaTE 19) THE ELECTRIC LOGS
SHOW A CONTINUOUS BASAL GRAVEL ZONE USUALLY LESS THAN 50 FEET THIiGKs
ADOVE THIS IS A PRONOUNCED CLAYEY LAYER 50 To 150 FEET THICK, WITH SEVERAL
THIN SANDY ZONES. ON TOP OF THE CLAYEY ZONE IS THE MAIN SANDY ZONE OF THE
Fox CANYON AQUIFER, aBouT 150 To 250 FEET THICK. THE VARIATION N
THICKNESS IN THE MAIN SANDY ZONE S EXPLAINED BY INTERFINGERING WITH CLAYS
AT THE .TOP. .AND AT . THE DOTTOM. . ABOVE THE LAYERS JUST DESCRIDED THERE 1S
MUCH LESS REGULARITY IN THE LAYERING. NEVERTHELESS, THERE {5 USUALLY ONE

oR More THick {(up To 100 FEET) SAND ZONES ABOVE THE MORE CONTINUOUS

=49



PERMEABLE LAYERS. A TYPIGAL ELECTRIC L0G OF THE Fox CanNYON AQUIFER IS GIVEN
IN PLATE 26.
- *NORTHERLY FROM THE CiTy oF OXNARD THE Fox CanyoN AQUIFER CAN OE

TRACED, USING ELECTRIC LOGS, TO DEYOND THE SANTA CLAaRA RIVER. As PREVIOUSLY
NOTED, THE AQUIFER THINS AND PINCHES OUT SOUTH OF THE OUTCROPS ON THE NORTH
s{DE OF THE MounD BasiN. TOWARD THE SOUTHEAST FROM THE CiTy oF OXNARD THE
Fox CANYON AQUIFER THINS anND Rrises (Section V=V', PLaTE 20), APPEARING I[N
Mucu NavaL Base weLlL #3 (1IN/214=3%1L1) As Two SANDY ZONES, EACH aBouT 70
FEET THICK. TowaRD CAMARILLO THE SaN PEDRO FORMATION GVERLYING THE Fox
CANYON AQUIFER DECOMES MUCH LESS SANDY; ALSO THE GriMEs CaNYON MEMBER DIRECTLY
UNDERLIES THE Fox CANYON AQU{FER, RESULTI{NG IN A CCNTINUOUS SAND THICKNESS
oF as MucH As 500 FEET. '
VOLUME OF WATER IN STORAGE

THE VOLUME OF WATER STORED IN THE SANDS AND GRAVELS OF THE Fox
CANYON AQUIFER AND UPPER SAN PEDRO FORMATION WAS CALCULATED FOR THE AREA
CORRESPONDING TO THE MonTALvO, PLEASANT VaLLEY, AND OXNARD PLaiN Basinse.
THE MOUND BASIN WAS NOT INGLUDED IN THIS CALCULATION. ALL AVAILADBLE WATER
WELL LOGS AND MANY OfL wELL Loas (ESPECIALLY ELECTRIC LOGS) WERE STUD!ED.
ForR EACH WELL A SAND COUNT WAS MADE, FOR THE INTERVAL FROM A DEPTH OF ABOUT
4LOO FEET TO THE BASE OF THE Fox CaNyon AQUIFER. MaNY OF THE THIN SANDS
WERE NOT COUNTED. NET SAND THICKNESSES WERE DETERMINED FOR EACH WELL
LOCATION, AND USING THIS CONTROL, A NET SAND THICKNESS FOR EACH SQUARE~-
MILE SECTION WAS ESTIMATED FOR THE ENTIRE AREA. [0 THE VOLUME OF SAND
CALCULATED, A SPECIFIC YIELD OF 20 PER CENT WAS ASSIGNED. THE ESTIMATED
VOLUME OF WATER IN STORAGE [N THESE SANDS IS 6 MILLION ACRE=-FEET. JHERE
IS AGUNDANT EVIDENCE THAT THESE SANDS HAVE CEEN THOROUGHLY FLUSHED WITH
FRESH WATERS, AND A VERY LARGE PERCENTAGE OF THE WATER IN STORAGE 1s
EXPECTED TO BE OF USABLE CHEMICAL QUALITY.,

LESS RELIACLE ARE THE ESTIMATES WHIGCH CAN CE MADE FOR THE
VOLUME OF WATER IN STORAGE IN THE SEAWARD EXTENSIONS OF THE Fox CANYON
AQUIFER. THERE IS A HIGH PROBADBILITY THAT THE Fox CANYON AQUIFER HAS
SUGMARINE OUTCROPS IN HUENEME AND MUGU SUBMARINE CANYONS AND ALONG THE
OCEAN FLCOR AT GCGMPARABLE DEPTHS CETWEEN THE TWO CANYONS. A NET SAND
THICKNESS OF 300 FEET FOR THE Fox CANYON AQUIFER AND UPPER San Peboro wAs

USED DETWEEN THE SHORELINE AND THE ESTIMATED POSIT!ION OF THE SUBMARINE
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OUTCROP. BY ASSUMING A SPECIFiC YIELD oF 20 PER CENT, THE ESTIMATED VOLUME
IN STORAGE DETWEEN THE .TWO CANYONS 18 1.5 MILLION ACRE=-FEET. THIS HAS DBEEN
AN AREA OF FREE-FLUSHING -AND THE WATER 1S EXPECTED TQ BE _OF ACCEPTADLE
CHEMICAL QUALITY. ' ‘ '

THE COND!TIONS OFFSHORE NORTH OF HUENEME SUBMARINE CANYON ARE
EVEN LESS CLEAR. TH!S OFFSHORE AREA IS RATHER SHALLow, AND THERE MAY BE
NO SUDMARINE OUTCROPSQ EXCEPT THOSE OF THE HIGHER ZONES OF THE UPPER SAN
PEDRO FORMATION. THE NET SAND THICKNESS IN THIS OFFSHORE AREA WAS TAKEN
as 500 fFeeT, AND THE SPECIFIC YIELD As 20 PER CENT, GIVING A STORAGE VOLUME
oF 3.6 MILLION ACRE=FEET. AT THE COASTLINE, FRESH WATER HAS DEEN FLUSHED
THROUGH THE ORIGINAL MARINE SANDS TO PRESENT DEPTHS OF 3000 FEET. IT 1s
HIGHLY PROBAGLE THAT THE WATER IS FRESH WITHIN THE Fox CANYON AQUIFER IN
THE OFFSHORE AREA NORTH OF HUENEME SUBMARINE CANYON. HeWEVER, THE LACK OF
SUDMARINE OUTCROPS MAY HAVE RETARDED RECENT FLUSHING, AND THE CHEMICAL
QUALITY OF THIS WATER MAY BE POORER THAN N THE OFFsHORE AREA SCUTH OF
HUENEME SUDBMARINE CANYON.
SOURCES OF RECHARGE

As POINTED OUT ABOVE, THE Fox CANYON AQUIFER [S OF MARINE ORIGIN
AND WAS ORIGINALLY FILLED WITH SEA WATER. SOMETIME AFTER ITS DEPOSITION,
THE Fox CANYON SANDS AND GRAVELS MUST HAVE DEEN LIFTED OUT OF THE OCEAN
AND EXPGSED ON THE LAND SURFACE TO INFILTRATING FRESH WATERS. THE FRESH
WATERS MOVED SLOWLY THROUGH THESE AQUIFERS AND FLUSHED OUT THE SEA WATER.
DURING THIS FLUSHING TQE EXITS FOR THE FLUSHED WATER WERE PRODBADLY STILL
GENEATH THE OCEAN. BECAUSE OF THE DEPTH AT WHICH FRESH WATER 1S NOW FOUND
(3000 FeeT in SecTion 1, TIN, R23W) IT SEEMS APPARENT THAT THE FRESH-WATER
FLUSHING TOOK PLACE INITIALLY NCT LONG AFTER SaN PEDRO DEPOSITION, OUT
SEFORE THE MAJOR MIDDLE PLEISTOCENE DIASTROPHISM WHICH HAS SO EXTENS!IVELY
FOLDED AND FAULTED THESE 0EDS. OCIRCULATION OF FRESH WATER IN THE SHALLOWER
ZONES HAS PROBABLY CONTINUED TO THE PRESENT TIME. PERHAPS MORE THAN ANY
OTHER EVIDENCE, THE FLUSHI!NG OF THE Fox CANYCN AQUIFER DEMONSTRATES THAT
IT HAS AN EXTREME DEGREE OF HYDROLOGIC CONTINUITY. CHLORIDES, AN
EXPECTADLE iNDICATOR OF RESIDUAL SEA WATER, ARE ALMOST INVARIADLY THE
LEAST ABUNDANT ANIONo, 7

FRESH WATERS TODAY CONTINUE TO MOVE WITHIN THE Fox Canyon

AQU!FER FROM INLAND AREAS TOWARD THE COASTLINE. THE BEST PERENN!IAL SOURCE
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OF RECHARGE TO THE Fox CANYON AQUIFER 1S THE SATURATED ALLUVIUM OF THE
MONTALVO BASIN, THROUGH THE SUB=ALLUVIAL OUTCROP. AS [T IS LOCATED IN PART
UNDER THE SATICOY SPREADING GROUNDS, THE SUDB-ALLUVIAL OUTCROP RECE[VES A
DIRECT AND IMMEDIATE BENEFIT FROM THE DISTRICT'S SPREADING OPERAT!ONS.
BETWEEN THE END OF SOUTH MOUNTAIN AND THE WESTERN END OF THE CaMARILLO
HiLLs, UNDERFLOW WITHIN THE Fox CANYON AQUIFER MOVES WESTERLY FROM THE
WEsT Las P0osAs AREA TOWARD THE OXNARD PLAIN. THE RESPONSE OF WATER LEVELS
tN THE WEST Las PosAS AREA, HOWEVER, CLEARLY INDICATES PUMPAGE IN EXCESS OF
NATURAL REPLENISHMENT, AND THIS UNDERFLOW IS EXPECTED TO DECREASE IN THE
FUTURE. ANOTHER INCREMENT OF UNDERFLOW MOVES WESTERLY THROUGH THE Fox
CANYON AQUIFER NEAR SOMIS AND INTO PLEASANT VALLEY. THE SOURCE OF THIS
UNDERFLOW, EasT Las Posas Basin, IS EXPERIENCING A SEVERE OVERDRAFT, AND
THIS UNDERFLOW, TOO, WILL DIMINISH, NO OTHER SOURCE OF RECHARGE TO THE
Fox CANYON AQUIFER, iN THE AREA COVERED IN THié REPORT, 1S CONSIDEREC OF
MUCH QUANTITATIVE IMPORTANCE,
MOVEMENTS OF WATER |

OVER ALMOST ALL THE AREA STUDIED THE FoXx CANYON AQUIFER IS
CONFINED BY SEVERAL TO MANY THICK LAYERS OF LOW PERMEABIL{TY. BECAUSE OF
OUTCROPS AT HIGH ELEVATIONS, ORIGINAL PIEZOMETRIC LEVELS WERE MUCH ABOVE
SEA LEVEL AND THE WATER FOLLOWED RELATIVELY SIMPLE WESTERLY PATHS FROM THE
OUTCROP AREAS TOWARD THE SUBMARINE OUTCROPS. PERSISTENT SEAWARD FLOW
CONTINUED UNTIL THE MID-1940's, DESPITE RELATIVELY HEAVY PUMPAGE IN
PLEASANT VaLLey (PLATE 21). STARTING PERHAPS IN 1947 AND GERTAINLY BY
1948, THE HEAVY PUMPAGE IN PLEASANT VALLEY HAD CREATED A SEVERE OVERDRAFT
AND WATER GEGAN TO MOVE WITHIN THE Fox CANYON AQUIFER FROM ITS EXTENSIONS
CENEATH THE OCEAN TOWARD THE INLAND CENTERS OF PUMPING. OSiNCE 1948 waTer
LEVELS EVERYWHERE IN PLEASANT VALLEY EXCEPT THE EASTERNMOST PORTION HAVE
REMAINED DELOW SEA LEVEL, IN THE NORTHERN PART OF THE OXNARD PLAIN, WHERE
THERE HAS DEEN AS YET LITTLE PUMPING FROM THE Fox CANYON AQUIFER, THE
WATER LEVELS HAVE REMAINED SOMEWHAT HIGHER; SIGNIFJICANT LANDWARD GRADIENTS
OF THE PIEZOMETRIC SURFACE MAY NOT YET HAVE DEVELOPED.

Many oF THE Fox CanYON WELLS IN PLEASANT VALLEY ARE LARGE-
DIAMETER GRAVEL~-PACKED WELLS WITH PERFORAT!ONS OVER EXTENSIVE VERTICAL
lNTEﬁVALé; THE wéLL cAéiNG OR GﬁAVELbPAdK MAY ALLOW FREE COMMUNICATION

AMONG THE Fox CanNYyOoN AQUIFER, UPPER SAN PEDRO SANDS, AND YOUNGER ALLUVIAL
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DEPOSITSe THESE WELLS MIGHT ALLOW MUCH INTER=ZONE WATER MOVEMENT,
ESPECIALLY WHEN NOT PUMPING. WELLS PERFORATED ONLY [N THE Fox CANYON
AQUIFER TEND TO MAINTAIN ‘A HIGHER PIEZOMETRIC SURFACE -THAN THOSE PERFORATED- -
ALSO IN THE SHALLOW AQUIFERS. WATER PUMPED FROM THE SHALLOW AQUIFERS IS
THUS REPLACED OY WATER FROM THE Fox CANYON AQUIFER, BY FLOWING UPWARD IN
WELLS DURING NON=PUMPING PERIODS., INTRUDING SEA WATER MOVING [NLAND IN ONE
AQUIFER MIGHT TRAVEL UPWARD IN A WELL TO A DIFFERENT AQUIFER, LONG OEFORE
THE SEA-WATER FRONT IN THE SECCOND AQUIFER HAD REACHED THIS POSITiON.
[MPEDIMENTS TO GROUND WATER FLOW

AS NOTED ADOVE, THE MAIN LOWER FoXx CANYON SANDS AND GRAVELS HAVE
A HIGH DEGREE OF CONTINUITY AND WATER MOVEMENT S RELATIVELY UNRESTRICTED.
HiGHER 1IN THE SaN FEDRO FORMATION THE WATER=-BEARING ZONES ARE LESS CONTINUOUS
AND WOULD HAVE LESS OPPORTUNITY FOR FREE RECHARGE. SIMILARLY, THEY ARE
LESS SUBJECT TO SEA~WATER INTRUSION. THERE IS USUALLY VERY LIMITED INTER-
CONNECTION AMONG THESE UPPER SAN PEDRO SAND LENSEs. Manv, HOWEVER, HAVE
ODEEN INTERCONNECTED RECENTLY BY MULT{~ZONE CADLE=TOOL WELLS AND ROTARY
GRAVEL=PACKED WELLS.

IN ADDITIGON TO RESTéICTlONS IMPOSED BY LENTIGULAR DEPOSITION,
UNDERGROUND FLOW IN THE Fox CaNYOoN AND UPPER SAN PEDRO AQUIFERS (S RETARDED
BY SEVERAL FAULTS, VERY LITTLE WATER IS BELIEVED TO MOVE THROUGH THE'SAN
PEDRO AQUIFERS ACROSS THE CoUNTRY CLUB AND SATIcCOoY FAULTS FROM THE SANTA
PauLa BasinN InNTO THE MounD Basin. A VERY EFFECTIVE DARRIER TO UNDERFLOW
IS PROBABLY AFFORDED 0Y THE MONTALVO FAULT AND ASSOCIATED STRUCTURAL
DISTURDANCES. IN THE CAMARILLO HILLS THE EFFECTIVENESS OF THE SPRINGVILLE
FauLtT (PLATE 17) AS A GROUND-WATER DARRIER 1S AMPLY DEMONSTRATED DY A
BREAK IN THE PIEZOMETRIC SURFACE OF AS MUCH AS 90 FEET. THE BARRIER EFFECT
SEEMS TO DECREASE TOWARD THE WEST ALTHOUGH THERE IS NO WELL CONTROL TO
CONFIRM THIS SUGGESTION. THE CamariLLo FaurT (PLATE 17) DOES NOT APPEAR
TO RESTRICT WATER MOVEMENTS WITHIN EJTHER THE Fox CANYON CR UPPER SAN
PEDRO AQUIFERS.,

FLUCTUATIONS OF WATER LEVELS

WATER~LEVEL FLUCTUATIONS IN Fox CANYON WELLS SHOW A VARIETY OF

 RESPONSES. WeLL 2N/22W-12K3 (PLATE 25), LOCATED CLOSE TO THE SUB=ALLUVIAL

OUTCROP, SHOWS THE MARKED DENEFICIAL EFFECTS WITHIN THE Fox CANYON AQUIFER

OF SPREADING AT THE SATICOY SPREADING GROUNDS. EXCELLENT RECOVERIES CAN
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PLATE 25
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BE NOTED FORrR 1952 anD 1953, WHEN LARGE AMOUNTS OF WATER WERE SPREAD,
ESPECIALLY STRONG WAS THE RISE IN 1958, COINCIDING WITH THE DisTRICT'S
BEST SPREADING YEAR. AT THIS POSIT!ON, THE Fox CANYON PLEZOMETRIGC SURFACE
IN THE SPRING IS USUALLY 10 FEET OR SO ABOVE THE LOCAL WATER TABLE,
THE HYDROGRAPH OF WELL 2N/21W-16R1 (PLaTe 25) ILLUSTRATES THE
TREND OF Fox CANYON PRESSURE LEVELS IN WEST Las Fosas BasiIn JusT EasT
OF THE OXNARD PLAIN., THE SHARP DOWNTREND, WITH LITTLE RECOVERY DURING THE
WET YEARS OF 1952 anND 1958, I'S INDICATIVE OF RATHER SEVERE OVERDRAFT.
THERE IS LITTLE DOUBT THAT UNDERFLOW WITHIN THE Fox CANYON AQUIFER FROM
WEsST Las Posas BASIN TO BENEATH THE OXNARD PLAIN WILL CONTINUE To DECREASE.,
A SIMILAR, DUT EVEN MORE PRONGCUNCED OVERDRAFT INDICATION IS
SHOWN DY THE HYDRGGRAPH oF WeLL 2N/20W-17J3 (PLaTE 25). THIS weLL 1Is
DRILLED INTO THE Fox CANYON AQUIFER CLGSE TO THE DOUNDARY OF PLEASANT
VaLLey anD EasT Las Posas Basin. IN THIS FREE WATER TADLE AREA THE DECLINING
WATER LEVEL IS EVIDENCE OF THE GRADUALLY DECREASING SATURATED CROSS~
SECTIONAL AREA THROUGH WHICH UNDERFLOW IS DEING TRANSMITTED WESTERLY INTO
PLEASANT VALLEY. THIS SOURCE OF UNDERFLOW RECHARGE IS DIMINISHING RAP!DLY.
AWAY FROM THE RECHARGE AREA, A MORE TYPICAL HYDROGRAPH OF THE
Fox CANYON AQUIFER IS THAT OF weLL 1N/21W-10F1 (PLATE 25). DURING THE WET
YEARS OF THE €arLY 1940's, THERE WERE RELATIVELY FEW WELLS PUMPING FROM
THE Fox CA&YON‘AQUIFER. FoLLowiNg 1945, AS THE DROUGHT PROGRESSED, MANY
MORE Fox CANYCN WELLS WERE WRILLED, AND THE NUMBER O0F Fox CANYCN WELLS
ABOUT oousLeED DETWEEN 1944 ano 1951. Twe COMOCINATION OF FA{LING RECHARGE
AND INCREASING PUMPAGE RESULTED IN STATIC PRESSURE LEVELS GOING DELOW SEA
LEVEL IN 1946, In 1948 THERE waS AN ESPEC|ALLY SEVERE DROP AND THE STATIC
WATER LEVELS HAVE REMAINED BELOW SEA LEVEL FOR MOST OF THE TIME SINCE THEN.
THE PUMPING IS SO HEAVY THAT TRUE INLAND RECHARGE EFFEGTS ARE MASKED.
THE SHARP RISE IN 195152 |s MERELY a PRESSURE RECOVERY CAUSED OY A
RELATIVELY PROLONGED PERIOD OF NON~PUMPING ODURING A WET YEAR. AFTER 1953,
SEASONAL HIGHS CONTINUED TO DECLINE, BUT ONLY MODERATELY. THERE IS & MARKED
TENDENCY FOR PRESSURE LEVELS TO RETURN TO SEA LEVEL. THIS is BELIEVED
DUE TO THE OPERATION OF A U~TUDBE EFFECT WITH SEA WATER ON THE OTHER LIMB.
THE RECOVERY OF THE PRESSURE LEVEL TO SEA LEVEL (OR ACTUALLY MaNY FEET

ADOVE SEA LEVEL) IS A SLOW PROCESS AND WOULD OGCUR DURING A SUFFICIENTLY

LONG PERIOD OF NON~PUMPING. SINCE 1953, THE PlEZOMETRIC LEVELS HAVE NOT
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HAD SUFFICIENT TIME TO RECOVER TO SEA LEVEL. NOTE, HOWEVER, THAT THE
LIGHTER PUMPING DURING THE RAINY WINTER OF 1958 RESULTED IN A SLIGHTLY
DETTER RECOVERY 1IN 1958 THan InN 1957.

THE HueneME NAVAL BASE DEEP WELL (1N/22w—1781) IS PERFORATED IN

THE UPPER PART OF THE Fox Canyon AQUIFER, AND THIS SAND HAS GEEN TRACED TO

THE SUB=ALLUVIAL OUTCROP AT THE SaTicoy SPREADING GROUNDS, THE PIEZOMETRIC

LEVEL IN WELL 17B1 REACHED A PEAK IN THE MIDGLE OF MARCH 1959 DURING AN

UNUSUALLY DRY RAINFALL SEASONe. It s SUGGESTED THAT THIS HIGH WATER LEVEL

REFLECTS THE DeEceEMBER 1958 SPREADING OPERATIONS IN THE MonNTAaLvO Basin. IF
THIS INTERPRETATION IS CORRECT, THE PRESSURE WAVE TRAVELED FROM THE SAaTicoy
SPREADING GROUNDS TG THIS WELL, A DISTANCE OF ADOUT & MILES, IN THE 2%

MONTH PERIOD FRCM THE END oOF DECEMBER TO THE MIDDLE OF MARCH.
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CHAPTER 111
WATER QUALITY

CRITERIA OF SUITABILITY

THE USABILITY OFFGROUND WATER }S GENERALLY EVALUATED FROM THE
RESULTS OF CHEMICAL ANALYSES OF THE MAJOR JONIC CONSTITUENTS. MiNoOR
CONSTITUENTS SUCH AS BORON AND FLUORIDE HAVE OBEEN ADDED TO STANDARD
CHEMICAL ANALYSES BECAUSE THEY OCCUR IN NATURAL WATERS AND ARE UNDESIRAQLE
IN MINUTE QUANT}TIESu IN THE EVENT OF SUSFPECTED POLLUTIONy THE CONCENTRA-
TIONS OF MANY OTHER SUDBSTANCES MAY 38E DETERMINED. IN ADDITION TO CERTAIN
SOLIDS D}SSOLVED IN THE WATER, LIMITATIONS ON USADILITY MAY DBE PLACED
BY FACTGORS OF TURBDIDITY; COLORy OR DISSOLVED GASES.
DOMESTIC USE

CRITERIA OF ACCEPTADBILITY OF WATER FOR DOMESTIC USE ARE MOST

_COMMONLY RELATED TO THE UNiTED STATES PusLl!lc HeaLTH SERVICE DRINKING WATER

STanparDs of 1946, THESE STANDARDS WERE ORIGINALLY SET IN 1914, AnND wERE
REVISED IN 1942, THeE 1946 VERSION REPRESENTS THE SECOND REVISION; T IS
UNDERSTOOD THAT A THIRD REVISION [S CURRENTLY BEING STUDIED. AS CONCEIVED
AND REVISED; THESE STANDARDS WERE INTENDED TO APPLY ONLY TO WATERS USED

BY INTERSTATE CARRIERS OR WATERS SUBJECT TO0 FEDERAL QUARANTINE REGULATICNS
HOWEVER, BECAUSE OF WIDESPREAD ADOPTION BY THE AMERICAN WATER WORKS
ASSOCIATION AND OY MOST STATE DEPARTMENTS OF HEALTH, THESE STANDARDS NOW
ARE GENERALLY APPLIED TO ALL PUBLIC WATER SUPPLIES. FOR CERTAIN CHEMICAL
SUBSTANGES, THE LIMITS GIVEN ARE MANDATORY:

LEAD o o« « ¢« o o o o o« Ou1 PART FER MILLION
FLUORIDE o o = o o o o 1a5 PPM

ARSENIC. » 2 o o o ¢ » 005 PpmM

SELENIUM o« « o« 2 o o » 0.05 pPpm

HEXAVALENT CHROMIUM. o« 0.05 pPpPmM

THERE APPEARS TO DBE AMPLE EV]DENCE THAT CONCENTRATIONS N EXCESS OF THESE
ARE TOXIC TO HUMAN DEINGS. OF THE ADOVE CHEMICAL ELEMENTS, ONLY FLUORIDE
IS OF IMPORTANCE I[N THE DISTRICT, AS I T OCCURS AS A NATURAL SUBSTANCE IN

ALMOST ALL OF THE WATERS. THE OTHER SUDSTANCES WOULD DE EXPECTED I[N NEAR-~
LIMIT CONCENTRATIONS ONLY WHERE POLLUTED BY WASTES. RECENT STUDIES DY THE

CALIFORNIA -DEPARTMENT -OF-FUBLIC HEALTH HAVE INDICATED THAT A RIGID LIMIT

‘oF 1«5 PARTS PER MILLIOMN OF FLUORIDE MAY NOT BE WIDELY APPLICABLE TO THE
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DIVERSE CLIMATES OF CALIFORNIA. WHERE AVERAGE ANNUAL TEMPERATURES ARE AS
HIGH As 60° F, THE MANDATORY LIMIT HAS BEEN REDUCED To 1.0 PART PER
MILLION., AS MOST OF THE AVERAGE ANNUAL TEMPERATURES. IN THE DISTRIGCT WOULD
RANGE FROM A LITTLE BeELow 60°F To A LITTLE AcovE 60°F, THE INDICATED LIMIT
WOULD PROBADBLY DE CLOSE TO 1.0 PART PER MILLION.

FOR LESS CRITICAL SUBSTANCES THE 1946 STANDARDOS ENUMERATE NON-

MANDATORY, OUT RECCMMENDED LIMITS:

COPPER + + o + o o« o« o s s « s o a o o« » 3.0 PARTS PER MILLION
IRON AND MANGANESE TOGETHERe s o« o« o« o« o 0.3 PPM

MAGNESIUM:. v o o 4 o o o « o o « « « « 125 PPM

ZINC v o « o o « o s s = o + « o » « &« 15 PPM

CHLORIDE 2 o o o s o a2 o s« o« o« s a2 o« o 250 PPM

SULFATE. « 4 » o o o o o s s s o o « » 250 PP

PHENOLIC COMPOUNDS, IN TERMS OF PHENOL . 0.001 PPM

TOTAL SOLIDS, DESIRABLE. 4+ « « « « « o 500 PPM

ToTAL SOLIDS, PERMITTED: & &« » » - » »1000 PPM

CoOPPER AND ZINC ARE RARELY REPORTED IN ORDINARY WATER ANALYSES; HOWEVER,
ALL ANALYSES FOR DISTRICT WATERS INCLUDING THESE ELEMENTS SHOW VERY LOW

CONCENTRATIONS, AND CONCENTRATIONS APPROACHING OR EXCEEDING THE RECOMMENDED

LIMITS ARE NOT TO DE EXPECTED, UNLESS THERE IS PCLLUTION BY INDUSTRIAL

WASTES. IRON AND MANGANESE ARE MORE ABUNDANT IN NATURAL WATERS, AND !RON
OCCASIONALLY APPEARS ON REPCRTS OF CHEMICAL ANALYSES. JTHE RECOMMENDED
0.3 PPM IRON PLUS MANGANESE LIMIT IS GASED, NGT UPON PHYSIOLOGICAL
CONS|IDERATIONS, BUT UPON TASTE, AND STAINING OF PORCELAIN FIXTURES.
CERTAIN AUTHORITIES REPORT THAT THE UNDESIRAGLE QUALITIES ARE PRESENT AT
EVEN LOWER CONCENTRATIONS. |RON FROBLEMS WITHIN THE DISTRICT ARE NOT
SEVERE. SOME WELLS IN THE MounND BASIN SHOW HIGH IRON PLUS MANGANESE.
DEEPER AQUIFERS OF THE SaN PEDRO FORMATION TAPPED DY THE CITY oF VENTURA
DEACH WELLS PRODUCE WATER WITH VERY HIGH |IRON CONTENT AND THE CiTY HAS
RECENTLY COMPLETED A PLANT FOR |RON REMOVAL. WATERS APPROACHING OR
EXCEEDING O.3 PPM IRCN FLUS MANGANESE ARE FGUND I[N WELLS SCATTERED OVER
THE Oxmnawd PLatn aAND FLEASANT VALLEY. ON THE OTHER HAND, THE CONCENTRATIONS
IN PIRu, FirLMorE, AND SANTA PauLa BASINS ARE UNIFORMLY QUITE LOW.
MAGNESIUM IN THE DISTRICT'S WATERS IS ALMGST INVARIABLY THE

LOWEST IN CONCENTRATION OF THE THREE MAJOR CATIONS. WHEN THE MAGNESIUM

CONTENT .18 -ABOVE THE -LIMIT. OF 125~PPM,~THE.TOTAL DISSOLVEL- . SOLIDS. ARE -ALSO

VERY HIGH, No DISTRICT WATERS ARE KNOWN WHERE EXCESS MAGNESIUM CONSTITUTES
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THE ONLY UNDESIRADLE CHARACTERISTIC. [T APPEARS THAT MAGNESIUM GONTENT
[ .DECOMES HIGH ONLY WHEN THE WATER IS POOR FOR MANY REASGNS.
IN THE NATURAL FRESH WATERS OF THE DISTRICT, CHLORIGE IS ALMOST
(] ALWAYS THE LEAST ABUNDANT OF THE THREE MAJOR ANIONS. CHLORIDES IN EXCESS
| ofF 250 PPM WOULD PRODABLY MEAN THAT THE NATURAL WATERS HAD DEEN DEGRADED.

UNDES i RADLE TASTE, RATHER THAN HEALTH CONSIZCERATIONS, HAS BEEN THE BASIS

[ FOR THE RECOMMENDED CHLORIDE LIMIT. EXPERIMENTS IN WARMER CLIMATES HAVE
SHOWN THAT CONCENTRATIONS 0F 1000 PPM MAY BE TOLERABLE TO HUMAN DEINGS. FoORr
o PERSONS SUFFERING FROM HEART AND KI{DNEY DISEASES, THE TOLERANGE |S MUCH LESS
THAN FOR MEALTHY PERSONS. OTHER UNDESIRAGLE EFFECTS OF HIGH CHLORIDES ARE
SOAP-DESTROYING POWER AND CORROSIVENESS.
HIGH SULFATES IN THE WATERS OF THE DISTRICT ARE THE RULE, RATHER
THAN THE EXCEPTION. WATERS WITH LESS THAN 250 PPM OF SULFATE ARE UNCOMMON.
i THE RECOMMENDED LIMIT [S GASED UFPON A LAXATIVE EFFECT RATHER THAN upr TASTE
OR TOXiCITY. NEWCGMERS TO THE HIGH SULFATE WATER SUPPLY ARE ESPECIALLY
SUSCEPTIDLE, WITHIN THE.D!STRICT, PEOPLE HAVE DEEN DRINKING WATER WITH
500 To 1000 PPM OF SULFATE FOR MANY YEARS WITHOUT DISCOMFORT. THUS THERE
IS AMPLE PROOF THAT THE 250 PPM LIMIT (S UNNEGESSARILY LOW. FURTHERMORE,u
ONLY A FEW DOMESTIC OR MUNICIPAL WATER SYSTEMS IN THE DISTRICT COULD MEET

THIS REQUIREMENT,

-

PHENOLIC COMPOUNDS ARE GCOMMON ORGANIC SUBSTANCES DERIVED FROM

ey

: WASTES. EVEN IN EXTREMELY LOW CONCENTRATIONS THEY IMPART A DAD TASTE TO
J THE WATER. THE TASTE PROCBLEM [S ACCENTUATED WHEN PHENOL—=ODEARING WASTES
, ARE CHLORINATED. THE FPRESENCE OF PHENOLS IN DISTRICT WATERS WOULD GE
L] INDICATIVE OF THE INDISCRIMINATE DISPOSAL OF ORGANIC WASTES.
ALONG WITH SULFATE CCNTENT, THE DISTRICT WATERS GENERALLY ARE
’ UNABLE TO MEET THE 1946 STANDARUS WITH REGARD TO TOTAL DISSOLVED SOLIDS.
FEW WATERS ARE LOWER THAN THE =ESIRADBLE 500 PPM AND A GREAT NUMBER ARE
‘ MORE THAN 1000 ppM. THE PERMISSIBLE LIMIT oF 1000 PPM IS ARBITRARY AND
tMprACTICAL. McKee (ReF. 21) STATES

‘ "MANY COMMUNITIES IN THE UNITED STATES AND OTHER COUNTRIES USE WATER
L’ CONTAINING FrRoM 2000 To 4000 PPM OF DISSOLVED SOLIDS, WHEN NO DBETTER
WATER 1S AVAILABLE. SUCH WATERS ARE NOT PALATABLE, DO NOT QUENCH
| _ _ THIRST, AND MAY HAVE LAXATIVE EFFECTS UPON NEW USERS. HOWEVER, NO
HARMFUL PHYSIOLOGICAL EFFECTS OF A PERMANENT NATURE HAVE O3EEN CALLED
TO THE ATTENTION OF HEALTH AUTHORITIES."
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A VERY RECENT SUMMARY REPORT BY THE STATE BoarD oF HeaLTH (ReF. 9) MAY BE

" INTERPRETED TO MEAN THAT CERTAIN OF THE RECOMMENDED LIMITS (N THE 1946

STANDARDPS WILL NOT DOE ADHERED TO RIGIDLY IN VENTURA COUNTY.

AN (MPORTANT OMISSION FROM THE 1946 STANDARDS 1S A LIMIT FOR
N{TRATE CONCENTRATIGN. EXCESSIVE NITRATE CONTENT (S KNOWN TO CAUSE INFANT
cyanos(s (METHEMOGLOBINEMIA), AND GASTRO—INTESTINAL DISCGCMFORT AMONG ADULTS.
A LIMIT SUGGESTED HAS GEEN 10 PePM NITROGEN (44 PPM NITRATE). A SIGNIFICANT
NUMBER OF WELLS SCATTERED THROUGHQUT THE DISTRICT SHOW NITRATE CONCENTRATIONS
IN EXCESS OF THIS. WHILE THE SUGGESTED LIMIT MAY BE SOMEWHAT LOWER THAN
CAN CE SUPPORTED STRONGLY, THE HiGHER NITRATE WATERS SHGULD 3E AVO{DED
WHERE SMALL INFANTS ARE [NVOLVED.

fN ADDITION TO THE LIMITS FOR THE ADOVE DISSOLVED SUBSTANCES,
THE 1946 STANODARDS INGLUDE STATEMENTS WITH REGARD TO BDACTERIAL QUALITY,
TURBIDITY, COLOR, TASTE, AND 0DOR. OTHER RECOMMENDATIONS ARE THAT THE
PH VALUE sHouLD BE LIMITED To 10.6 AT 25°C, NORMAL GCARBONATE ALKALINITY TO
120 PPM,y AND THE EXCESS OF ALKALINITY OVER HARDNESS TO 35 PPM, CALGULATED
AS CALCIUM CARBONATE.
AGRICULTURAL USE

UNLIKE THE RELATIVELY SETTLED CRITERIA OF WATER QUALITY FOR
DOMESTIC USE, THERE HAVE BEEN NUMEROUS CLASSIFiCATIONS OF WATER-FOR
AGRICULTURAL USE., BEGCAUSE OF VARJABILITY OF SOIL TYPE, CROPS GROWN, AND
CLIMATE, IT IS DIFFICULT TO DEVISE A SINGLE CLASSIFICATION SCHEME, .HOWEVER,
IN ANY SUCH SCHEME, THREE CLASSES OF DELETER{OUS EFFECTS MUST BE CONSIDERED:

(a) SaLintTy (ADVERSE OSMOTIC EFFECTS)
(B) Toxic SUBSTANCES IN LOW CONCENTRATIONS
(c) PROPORTIONS OF CATIONS

ftems (a) anD (D) RESULT IN DAMAGE TO THE PLANT ITSELF. ITem (c) PrRODUCES
UNDES]RADLE PROPERTIES IN THE SOilLe

SALINITY 1S COMMONLY MEASURED B8Y SPECIFIC ELECTRIGAL CONDUCTANCE,
EJTHER K x 105 or EC x 106, A MEASURE OF THE TOTAL DISSOLVED SALTS.
However, as Doneen (RerF. 27) HAS POINTED oUT, NOT ALL DISSOLVED SALTS IN
THE IRRIGATION WATER REMAIN IN A DISSOLVED STATE IN THE SOIL SOLUTION. As

PLANTS REMOVE WATER, AND AS THE CONCENTRATION OF THE SCIlL SOLUTION [NCREASES,

CERTATN SALTS ARE DEFOSTTED WITHIN THE SCiL, AND NO LONGER STRONGLY INFLUENCE

OSMOTIC BALANCES. DONEEN THEREFGRE HAS PROPOSED USING 'EFFECTIVE saLInNiTY!
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AS A MEASURE OF POTENTIAL ADVERSE OSMOTIC EFFECTS. FROM THE RESULTS OF A
CHEMICAL ANALYSIS EXPRESSED IN EQUIVALENTS PER MILLION (EPM) OR MILLI|=
EQUIVALENTS PER LITER (ME/L), PROGRESSIVELY CALCIUM CARBONATE, MAGNES]|UM
CARBONATE, AND CALCtUM SULFATE ARE ASSUMED TO DBE DEPOSITED FROM SOLUTION,
THE REMAINING EPM (OF CATIONS OR ANIONS) WHICH CAN NOT OE COUND UP IN THESE
THREE SALTS, ARE CONSIDERED TO CONSTITUTE "EFFECTIVE saLiNITY'. DoNEEN'S
CLASSIFICATION OF [RRIGATION WATERS ACCORDING TO EFFECTIVE SALINITY IS GlVEN
iN TapLe [l]1-2. As INDICATED OY THE SOIL SURVEYS OF 1901 ano 1917, THE
DISTRIGT IS GENERALLY FAVCRED DY GOOD, OPEN SO1LS. MOST WATERS SHOULD THEN
DE CLASSIFIED IN TERMS OF THE OPEN SOILS SHOWN IN TaoLE |]l=2. THE FIGURES
PRESENTED IN THIS TADLE WERE CONFIRMED DY DONEEN IN FIELD STUDIES OF CITRUS
GROVES IN VeENnNTURA CounNTY, ALTHOUGH M{NOR DAMAGE SUCH AS TIP BURN IS SQOME=-
WHAT COMMON [N VENTURA COUNTY, THE ACTUAL CONSET OF YIELD REDUCTICN MAY

NOT COMMENCE UNTIL THE WATER IS WELL INTOo CLass 111,

WITH REGARD TC ADVERSE OSMOTIC EFFECTS, THE SALINITY OF THE
IRRIGATION WATER 1S LESS CRITICAL THAN THE SALINITY OF THE RESULTING SOIL
SOLUTIONS IN Hts VENTURA CounNTY ciTRus sTupYy (REF. 27) DONEEN FOUND THAT
AT FIELD CAPACITY THE AVERAGE SO!L SOLUTION WAS 2.5 TIMES THE CONCENTRATION
OF THE [RRIGATION WATER., NEAR THE PERMANENT WILTING PERCENTAGE THE AVERAGE
CONCENTRATION OF THE SOIL SOLUTION INCREASES TO ABOUT 5 TIMES THAT OF THE
IRRIGATION WATER.

OF THE TOXIC SUDSTANCES FOUND (N DISTRICT IRRIGATION WATERS, BORON
IS THE MOST CRITICAL. DORON IN MINUTE CONCENTRATIONS [S ESSENT{AL TO THE
NORMAL GROWTH OF ALL FLANTS, AND DBORON DEFJCIENCY MAY PRODUCE VERY
STRIKING SYMPTOMS. ON THE OTHER HAND, DORON=SENSITIVE PLANTS MAY SHOW
ECONOMICALLY IMPGRTANT INJURY WHEN IRRIGATED WITH WATER CONTAINING AS LITTLE
As 1.0 PPM. BECAUSE THERE IS A WIDE RANGE OF DORON SENSITIVITY AMONG CROP
TYPES, AND THERE ARE VARYING DEGREES. OF DORON INJURY, ANY CLASSIFICATION
MUST REFLECT THESE VARIADLES. A LISTING OF PLANTS ACCORDING TO BORON
SENSITIVITY IS GIVEN IN TabLE |I1=3. PERMISSIODLE LIMITS FOR DORON CON=
CENTRATIONS ARE GIVEN IN TapLg | [1=4,

CHLORIDE CONTENT IS APPARENTLY MORE CRITICAL FOR IRRIGATION USE
THAN FOR DOMESTIC USE. SENSITIVITY TO INJURY DEPENDS UPON THE CROP TYPE,
ANb SUéGESTED LIMITS ARE GIVEN IN TaoLe |I11-1. FRruUuIT GROWERS LARORATORY,

SanTta Paura, suecgesTs 200 PPM CHLORIDE AS THE UPPER TOLERANCE LIMIT FOR
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CITRUS AND WALNUTS, BUT PREFERS LESS THAN 100 PPM FOR AVOCADOS.,

SODIUM PERCENTAGE IS A MEASURE OF THE EFFECT OF AN I[RRIGATION
WATER ON THE TI1LTH AND PERMEADILITY CHARACTERISTICS OF A SOiIL. WiTH
HIGH SODIUM PERCENTAGE, SOIL CLAYS UNDERGO A CATION EXCHANGE REACTION AND
BECUME DEFLOCCULATED. SODIUM PERCENTAGE IS DASED ON THE RATIO OF SODIUM
(IN EPM OR ME/L) TG THE TOTAL GATICNS. THEREFORE T IS THE PROFORTION OF
SODIUM RATHER THAN THE ADBSOLUTE CONCENTRATION WHIGCH IS MORE GCRITICAL.
As POINTED ouT IN U. S. DEPARTMENT OF AGRICULTURE Hanozook 60 (Rer. 66),
THE SODIUM PERCENTAGE (SOLUBLE SOCIUM PERCENTAGE - SSP) DOES NOT AGCURATELY
REFLECT THE DASE EXCHANGE REACT{ONS. AS THE IRRIGATION WATEX BECOMES MORE
CONCENTRATED IN THE SOIL SCLUTION, AND ASSUMING THAT THERE IS NO SALT
PRECIPITATION OR ADSORPTION GF SALT BY ROOTS, THERE IS NO CHANGE IN RELATIVE
COMPOSITIuN. HOWEVER, THE TENDENCY OF THE SOIL TCO ADSORD SODIUM SHOWS A
DEFINITE INCREASE, AND THE TENDENCY FOR WATER TO PROODUCE AN ALKALI SOIL

IS MEASURED BY THE SO0OD!UM~ADSORPTIGN RATIO (SAR) WHICH IS DEFINED AS FOLLOWS:

SAR = N a

WHERE THE CAT}CN CONCENTRATIONS ARE EXPRESSED IN MILLI—-EQUIVALENTS PER

LITER OR EQUIVALENTS PER MILLION., HanDBook 60 INCLUDES A CIAGRAM FOR THE

CLASSIFICATION OF IRRIGATION WATERS USING SAR AND CONDUCTIVITY AS VAR!IABLES.
MoST OF THE WATERS IN THE DISTRICT WOULD BE PLAGCED IN CLass |1

oF TapLe |li~1, ON THE BASIS OF SALINITY EXPRESSEC AS CONDUGTANGCE.

HOWEVER, ON THE 0ASIS OF EFFECTIVE SALINITY, MANY WATERS WOULD BE UPGRADED

70 CLass . ON THE DASIS OF BORON CONTENT, MOST OF THE WATERS ARE IN CLASS

tE (TaoLe 111-1). WIiTH REGARD TO CHLORIDES, ALMGST ALL THE WATERS ARE IN

CLass |, EXCEPT WHERE FOLLUTED DY SEA WATER OR WASTES. THE MOST REDEEMING

CHARACTERISTIC OF THE DISTRICT'S WATER SUPPLIES IS THE LOW SGO!UM

PERCENTAGE. ON THIS 0ASIS, VERY FEW WATERS WOULD BE LOWER THAN CLAss |.

OF ALL THE CRITERIA, BORON CONTENT IS THE FACTOR WHICH HAS TO BEF WATCHED

THE CLOSEST.

-INDUSTR I AL USE

THE QuALITY REQUIREMENTS OF WATER FOR INDUSTRIAL USE ARE HIGHLY
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VARI ABLE AMONG TH'E VARIOUS INDUSTRIES ANOC FOR DIFFERENT USES WITHIN AN
INDUSTRY. IN MANY INDUSTRIES, PART OF THE WATER USED IS ALWAYS TREATED.
THE CHARACTERISTICS OF THE DISTRICT'S WATER SUFPPLIES WHICH MIGHT POSSIDLY
CREATE LIMITATIONS ON INDUSTRIAL USE WOULD GE HARDNESS, TOTAL DISSOLVED
SOLIDS, AND PERHAPFS IRON AND MANGANESE. FOR MOST INDUSTRIAL PURPOSES, THE

WATERS ARE USAGLE, OR COULD BE TREATED TO PRODUCE A WATER WHICH 1S USAGLE.
PIRU BASIN

SURFACE WATERS

THE SURFACE WATERS ENTERING THE PIRU BASIN SHOW A LARGE RANGE OF
TOTAL DISSOLVED SCLIDS, ALTHOUGH HAVING IN COMMON A PREDOMINANT CALCI|UM
SULFATE CHARACTERISTIC. ALONG THE SanTa CLARA RIVER, TOTAL DISSCLVED
SOLIDS AS Low AS 634 PPM aAND DORON CONTENT AS Low as 0.21 pepM HAVE DEEN
RECORDED FOR A FLOOD FLOw OF 1680 cumic FEET PER seconD (TaoLe 11=5)., AT
EXTREMELY LOW FLOWS, TOTAL DISsoLVED soLios (TDS) rise To 3500 peM oR
MORE, AND DORON TO MORE THAN 1.5 PPM. FOR ONLY A SMALL PERCENTAGE OF THE
TIME 1S JORON OVER 1.0 PPM. AS FLOW DECREASES AND4CONCENTéATION RISES, SO0DIUM
RISES AND OCGCASIONALLY SHOWS MORE PPM THAN CALCIUM. PIRU CREEK IN FLOOD
FLOWS sHows TDS as Low as apouT 700 PPM AND BORON AS LOW AS 0,10 pPM
(TaoLe t11=5). Low FLOWS HavE TDS ofF aT Least 2500 PPM, WITH DGRON
OCCASIONALLY MORE THAN 2.0 PPM. ALTHOUGH DATA ARE SPARSE, FLUORIGE CONTENT
DURING LOW FLOWS MAY RISE ABOVE 1.0 ppM. As NOTED FGR THE SanNTa CLaRA
RIVER, LOW FLOWS OF Piru CREEK MAY SHOW A HIGHER PPM OF SODI|UM THAN OF
caLctuMms PiRu CREEK IS A MORE IMPORTANT SOURCE OF SORON THAN THE SANTA
CLarRA RIVER, AND HAS DORON GONCENTRATIONS EXCEEDING 1.0 PPM FOR A MUGH LONGER
PERCENTAGE OF THE TIME.

THE MINOR TRIDUTARIES OF THE PIRU BASIN FLOW USUALLY ONLY DURING
AND AFTER HEAVY RAINS. SOME SHOW EXCELLENT QUALITY RUNOFF, BUT MOST SHOW
WELL~MINERALIZED éALclum SULFATE WATERS. RUNOFF FROM THESE AREAS PRODADLY
INCORPORATES SALTS PREVIOUSLY DEPOSITED OY EVAPCRATION OR CONGCENTRATED
8Y EVAPOTRANSPIRATION. VERY LOW FLOWS SHOW INCREASING SODIUM AND ON SOME
TRIBUTARIES THIS TREND MAY REFLECT CONTRIDUTIONS FROM OIL=-FIELD WASTES.

THE FLOOD FLOWS ARE GF EXCELLENT QUALITY AND CHEMICALLY
SUITABLE FOR ESSENTIALLY ALL USES. THE LOW FLOWS ARE GENERALLY Crass. 11
IRRIGATION WATERS DECAUSE OF HIGH EFFECTIVE SALINITY AND DORON. CHLORIDE

CONTENT AND SODIUM PERCENTAGE ARE PROPORTIONALLY SETTER. FLucrRIDES N
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'OF CORON CONTENT, ALTHCUGH NO LONG-TERM TREND CAN GE DETECTED.

PIRU CREEK LOW FLOWS MAY BE QUESTIONADLE.
GROUND WATERS

THE GROUND WATERS OF THE PIRU BASIN RANGE IN TDS FroMm ABOUT
800 PPM TO ADOUT 3000 orR so PPM. NO GRCUND WATERS IN THE PIRU BASIN
WOULD QUALIFY FuULLY AS CLass | WATERS FOR IRRIGATION USE. EVEN WITH THE
EXISTING OPEN SOILS AND EASY PERCOLATION, CNLY ONE WELL WATER QUALIFIES
As CLass | ON THE DASIS OF EFFECTIVE SALINITY. ONLY A FEW WELL WATERS
SHCW LESS THAN O.5 PPM OF BORON, AND THE SAME WELLS AT OTHER TIMES PUMP

WATER WHICH HAS A HIGHER BORON CONCENTRATION. MAX1MUM BOGRON CONCENTRAT!ON

RECORDED 1S 1.5 prprM, ALL WELL WATERS W!TH EFFECTIVE SALINITIES OF MORE THAN

15 ARE CONSIDERED TO HAVE OEEN DETERIORATED. THE CHEMICAL CHARACTERISTICS
OF THESE DETERIORATED WATERS ARE GIVEN IN TABLE [!11-5, OF THE SEVEN WELL
WATERS WHICH HAVE EFFECTIVE SALINITIES GREATER THAN 15, ALL BUT ONE HAVE
HIGH NITRATE CONTENTS. WerL 4N/18W-27G1 SHOws MODERATELY HigH SULFATE
AND CHLORIDE, BUT WITH LOW NITRATE. THIS WELL IS FAIRLY CLOSE TC THE R!VER
AND REFLECTS THE DETERIORATING EFFECTS OF THE LOW FLOWS OF THE SANTA CLARA
RIVER. RECHARGE TO THIS POSITION IS RELATIVELY GooD. By way oF conTRrAST,
WELL 27B1 Is FARTHER FROM THE RIVER AND LESS EASI[LY RECHARGED FROM THE
RIVERS THE WATER IN WELL 2787 IS MUCH POORER THAN THE WATER IN WELL 27G1,
WITH HIGHER EFFECTIVE SALINITY, VERY HIGH SULFATE, AND UNUSUALLY HIGH
CHLORIDE. THE MoéT STRIKING INCREASE, HOWEVER, !S IN THE NITRATE, WHICH
I'S DELIEVED TC DE DERIVEO FROM IRRIGATION RETURN. THE DETERIORATION OF ALL
S5UT THE 27GT WELL WATER IS DELIEVED DUE TO THE ENTRY OF INRIGAT!ION RETURN
WATER. THE HIGH NITRATE CAN NOT BE DERIVED FROM SMALL TRICUTARY RUNOFF,
WHIGH IS TYPIGALLY LOW IN NITRATE. SIMILARLY, THE DEGRADING WATERS CAN
NOT BE OIL~FJELD DRINES WHICH SHOW HIGH CHLORIDES, VERY LOW SULFATES, AND
LOW NITRATES.

WITHIN THE PIRU BASIN, CHLORIDES IN THE IRRIGATICN WATERS PUMPED
FROM WELLS ARE ONLY A MINGCR PROOLEM, IF A FRODLEM AT ALL. SiMILARLY, THE
SODIUM PERCENTAGE ISVUSUALLY EXCELLENT FOR IRRIGATION USE. IN ADDITION
TO HIGH EFFECTIVE SALINITY, HIGH DORON IS 4 PROBLEM, AND SOME DORCN DAMAGE
TO CITRUS HAS BEEN REPORTE. e AVERAGE GSGRON CONTENT IS A LITTLE LESS THAN
1.0 PPM. WATERS PUMPED FROM A SINGLE WELL WILL SHOW A MARKED FLUCTUATION
' c6TE ‘7“fT fs

INTERESTING TO NOTE THAT IN THE HIGH NITRATE WELL WATERS, SHOWING
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DETERIORATION BY IRRIGAT!ON RETURN, THE DORON CONMNTENT {S NOT SO HIGH AS
MIGHT DE EXPECTED FROM THE INCREASE IN TOTAL DISSOLVED SOLIDS. THIS
PERHAPS SUGGESTS THAT SOME DBORON |S DEING DETAINED TEMPORARILY (N THE SOIL,
IN using THE PIRU BASIN WELL WATERS FOR DOMESTIC USE, THE MOST
TROUBLESOME CONSTITUENT IS FLUORIDE. AVERAGE ANNUAL TEMPERATURE IS
PRODABLY A LITTLE OVER 60°F, so THE MANDATORY LIMIT WOULD PROCAGLY GE SET
cLoseE To 1.0 PPM. AT LEAST 26 WELLS HAVE SO FAR SHOWN FLUORIDE CONCENTRATI|ONS
IN EXCESS OF 1.0 PPM. THERE IS A MARKED TENDENCY FOR THE FLUOQRIDE CdNTENT-
TO DECREASE WITH TIME IN CERTAIN WELLS. THIS IS ESPECIALLY TRUE OF NEW
WELLS PERFORATED ONLY IN THE SAN PeEDRrRO ForMAaTION (TanrLe [111-5). IT 1s
SUGGESTED THAT THE NATIVE WATERS IN SCME OF THE PERMEABLE LAYERS OF THE
San PEDRO FORMATION HAD FLUORIDES IN EXcEsS OF 2.0 peM, THESE WERE
LENTICULAR AQUIFERS WITH RESTRICTED CIRCULATION. AS THESE LENSES WERE
PUMPED, THE CONTAINED WATERS CONTRIBUTED A OECREASING PROPORTION OF THE
TOTAL WATER PUMPED FROM THE WELL, AND THE FLUORIDE CONTENT DROPPED. OTHER
HiGH FLUORIDE WATERS, IN THE ALLUVIAL DEPOSITS, SHOW A CYCLIC FLUGTUATION,
CORRESPONDING TO WET AND DRY CYCLES. IN THE ALLUVIAL WATERS, THE FLUORIDE
CONTENT RISES AND FALLS WITH THE TOTAL DISSOLVED SOLIDS CONTENT. ON THE
OTHER HAND, THE HIGH FLUORIDE CONTENT OF THE WATERS IN THE SAN PeDRO
FORMATION IS USUALLY ASSOCIATED WITH UNUSUALLY Low TDS,

FILLMORE BASIN

SURFACE WATERS
SanTa CLaAaRA RIVER FLOOD FLOWS ENTERING THE FILLMORE BaSIN ARE OF

EXCELLENT QUAL!TY FOR ALL PURPOSES., THESE ARE PREDOMINANTLY CALCIUM
SULFATE WATERS, WITH IMFORTANT MAGNESIUM AND DICARBONATE, DUT VERY MINOR
soniuM AND crLorIDE (Taorte |1i-6)., VeEry Low MlNERALlZAT}ON 1S SHOWN BY
Sespe CREEK FLOOD FLOWS WITH TDS 0CCASIONALLY LESS THAN 200 peM (TabLE
lll-6). SesPE CREEK FLOOD FLOWS ARE QUITE DIFFERENT FROM THE SaANTa CLARA
RIVER FLOOD FLOWS, WITH BICARBONATE SOMETIMES MORE IMPORTANT THAN SULFATE,
AND MAGNES|UM LOWER THAN SODIUM. CHLORIDES ARE VERY LOWe. FLOOD FLOWS
LEAVING THE FILLMORE BASIN AXE A MIXTURE GF THE CONTRIBUTING SeEspre CREEK
AND SanNnTA CLARA RIVER FLOOD FLOWS WITH A CHEMICAL QUALITY REFLECTING THE
PROPORTIONATE MIXTURES.,

7 Low FLow SeEsPE CREEK WATERS, WHILE RELATIVELY LOw N TDS, sHow

VERY HIGH DBORON CONTENT AND MARGINAL FLUOR!IDE CONCENTRATIONS. SoniuM AND

11-9



92 9°2L  226L 92°0 - 6 6¢ 666  LOE 99L Q9  ¢62 - GH-6-¢  L9EE-MOZ/N
ONVYIdN 3IdS3IS~YILYM 0¥Q3d NYS Q3avyniq
92 Q°e iy L*0 0°L Lz 2¢ 99 €92 gh 6L G4 689  24-92-9. L1¢2-MOZ/Ni
ANYIdN 3dS3IS=Y¥ILYM 0¥GId NYS IAILY.
Le L*4L  Gehe <%0 4°0 gL Lg2 QoO0L 644 H4L  HLL Q8¢ o6z GG-6L-2L 2a2L-MLZ/NE
NISVE 40 AYVANNOE NY3LSIM YVIN-YILYM 1YIANIIY Q3IQY¥DH3A
2¢ 2'Le L992  G°lL o°lL A4 L9L 642l 04¢ L92 4LLL  20¢ Oh6e 24-62-S L8Q~M02/Ng
YIATY VYYD YINYS 40 301S HLNOS=YILVM TYIANTIY 030vY¥H3Q
w2 G*'LL 046L %°0 8°0 6 09 L6S S 2L L 9gz 9661 2G-G2-g  2dog-
3L oL GLQL 970 L*2 6L 2/ Gfg 49y gLL QoL 22 6422 2G-le-G.  2do¢-
6L 2°6L  gLoz  G*o - oL g9 269 444 92l 2LL Gl - Q¢-2L-L 2d0¢-M6L/N%
NYd4 ¥I3¥I 3704 HLYINIE YILYM 0¥Q3d NYS 3ATLVN
¢e 2°6 o0LL  9°0 ,*0 Le  0¢ 9LG 642 9¢ 49 2L 00S&L  4G~0L=-G i LICE-M6L/NK
001Y¥3d AdQ 40 ON3I YYIN-YIAIY YYYT1D YLINYS~MOT4YIANN OHNIYILNI
e 0°'g 000L 9°0 o°L WL 0¢  ogh  2c¢e 28 25 ¢Hl 0lL¢L  26-G2-Q LICE-M6L /N
YVIA LIM=YIA1Y YHYTD YINYS=MOTIEIANN OHNIYILNI
G¢ 6°9 148 e 2L Gl LLL g0¢ 092 Ll He oyl 002l = AG-H-6 L*0
NISYE DNITY3ILNI MOT4 MOT-M33¥D 3Id4S3IS
LL o°L Lde  G0°0 ©°0 - 0°¢ 46 90L 0°6 oL 4% Q¢ G-¢~4 00¢ ‘2L
NISVYE DNIY3ILNI MOT4 HOHIH=-Y3I¥D 3Id4S3IS
6L H2L 4L9L  GQ°0 - 62 9% L6 94¢ GoL  ¢6 o2 896L ¢G-2L~L ¢ ¢
NISYE ONIY3LNI ¥3LYM ONISIY-dIALY YYYID VINYS
ki 9°¢ 144 0°0 - 4 4 Lde Ll 4 o 8% 2¢d  2G-GL=¢ 000‘0L
NISVE ONIY3LNI MO HOITH-Y3IAILY YuVIO YLNVS
Wd3
YN%  *1vg SQ.L g g moz 19 Yog mooz YN B YD OLx93  31v(Q *ON 173M
*443 NOITTH) ¥3d sSluvy 9 © Gt 4°0~MO014

NISY8 JUOWTITI4 = SISATVYNY VI IWIHD

¢

9=itll

31avi




CHLORIDE ARE PROPORTIONALLY HIGHER THAN IN THE FLOOD FLOWS, BUT NOT SO

HIGH AS TO DETERIORATE THE WATERS FOR IRRIGATION USE. ALONG THE SANTA-
CLARA RIVER, THE LOW FLOWS ENTERING AND LEAVING THE FiLLMORE Basin are
RISING WATERS. THE SPARSE CHEMICAL DATA FOR THE ENTERING RISING WATERS
SUGGEST SUDSTANTIAL GCONTRICUTIONS FROM IRRIGATION RETURN WATERS (TagLe !11=6).
A LARGE SERIES OF ANALYSES IS AVAILAGBLE FOR THE RISING WATERS WHIGH LEAVE
THE Fi1LLMORE BasiN. THESE ARE ALMOST INVARIAGLY Ctass || IRRIGATIGN

WATERS,; WITH BORON CONCENTRATION O.5 70 1.0 PPM. NITRATE CONTENT IS MUGH
LOWER THAN IN THE ENTERING RISING WATERS, SUGGESTING PERHAPS THAT IRRIGATI!ON
RETURN WATERS ARE BEING MORE EFFICIENTLY FLUSHED FROM THE FiRU BASIN.
FLUORIDE CONTENT IN THE EXITING RISING WATERS IS OCCASIONALLY MORE THAN

1.0 PPM.

THE SMALLER TRIDUTARIES OF FILLMORE BASIN SHOW A DEFINITE INVERSE
RELATIONSHIP OF TDS TO MAGNITUDE OF FLOW. CHEMIGCAL CHARAGTERS ARE DIFFERENT
IN THE VAélous TRIDUTARIES. HIGH FLows OF O'LEARY AND SNow CREEKS ARE
SODIUM SULFATE WATERS. Loﬁo (BouLDER) CREEK DURING AND FOLLOWING GOOD
RUNOFF CONTAINS CALCIUM DICARDONATE~SULFATE WATERS; DURING VERY LOW FLOWS,
THE WATER IS DOMINANT SODIUM BICARBONATE, ALTHOUGH CHLORIDES ARE RELATIVELY
HiGHs PoLE CREEK WATERS HAVE A PERSISTENT GCALCIUM SULFATE CHARACTER, AND
SHOW VERY LOW CHLORIDE, NITRATE, FLUORIDE, AND DORON CONTENT.

GROUND WATERS

THE GROUND WATERS IN THE FILLMORE BASIN WILL BE DISCUSSED FOR
FourR arREAs: (1) MAIN STREAM aLtuvium; (2) PoLe CRrReEEk Fang; (3) souTH SIDES
ano (4) Sespe UpLAND. THE GROUND WATERS WHICH MOVE MOST RAPIDLY THROUGH
THE FILLMORE BASIN ARE THOSE WHICH FOLLOW SUBSURFACE COURSES OENEATH THE
PREéENT CHANNELS OF SeEsrE CREEK AND THE SANTA CLARA RIVER. THESE WATERS
REPRESENT STREAM PERGOLATE ALONG THESE REACHES, AND ALLUVIAL UNDERFLOW
FROM PIRU BASIN AS MODIFIED DY SUBSURFACE UNDERFLOW FROM THE AREAS
FLANKING THESE STRIPS OF YGUNGEST ALLUVIAL DEPOSITS. ALLUVIAL UNDERFLOW
ENTERING FROM THE PIRU BASIN IS REPRESENTED BY THE WATER PUMPED FROM
WELL 4N/19W=33E1. THIS WATER SHOWS FAIRLY CONSTANT QUALITY FROM 1952 To
1957 AND TYPICAL ANALYSES ARE GIVEN IN TaoLE |[]-=6.

UNDERFLOW LEAVING THE FILLMORE BASIN IS BEST REPRESENTED OY THE
WATER PUMPED FROM weLL 3N/21W-12E1 (TaoLe [{i{-6). ALTHOUGH THE PERFORATIONS

IN THIS WELL ARE FROM 65 To 104 FEET, AND BELOW THE YOUNGEST ALLUVIUM,
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HYDROLOG'C CONT!HU Ty WITH THE IMMEDIATELY OVERLYING ALLUVIUM 1S BELIEVED
TU BE UNRESTRICTED. THE ANALYSES FOR THIS WELL WATER SHOWw (1) CONSIDERABLE
varraotLiTy; (2) a oEFINITE INCREASE In TDS since 1923; (3) Low NITRATES,
SUGGESTING LITTLE CONTRIBUTION FROM [RRIGATICN RETURN WATERS; (4) HigH
TDS :» 4945 A7 THE END OF A SERIES OF WET YEARS,; SUGGESTING SOME WET PERIOD
FLUSHING OF SALTS. ‘

THE PcLeE CREEK FAN AREA IS THE TRIANGULAR PATCH BETWEEN SESPE
CREEK AND THE SANTA CLARA RIVER UPON WHICH IS LOCATED THE Cirtvy oF FiLLMORE.
THERE 1S ONLY LIMITED FLUSHING OF THE SHALLOW AQUIFERS DENEATH THIS AREA
BY FLOOD PERCOLATION FRIM THE TWO MAIN STREAMS. RECHARGE IS LATERALLY
FROM THE ALLUVIAL CHANNELS AND MAY NGT EXTEND VERY FAR FROM THOSE CHANNELS.
DIRECT RECHARGE TO THE AREA UNDERLYING THE CITY OF F{LLMORE GCGMES FROM
acove as (1) percoLAaTION OF PoLE CREEK FLows; (2) RAINFALL PENETRATION;
(3) 1”rRRiGaTiON RETURN; (4) CESSPOOL AND SEPTIC TANK RETURN (esPpeciaLLY
BEFORE THE NEW MUNICIPAL SEWAGE TREATMENT PLANT WAS PLACED IN OPERATION).
POORER QUALITY WELL WATERS HAVE CHEMICAL QUALITIES SUGGESTING AS SOURCES
OF THE DEGRADING WATERS (1) IRRIGATION RETURN, OR (2) NATIVE WATERS OF THE
SAN PEDRO FORMATION. SHALLOW PERFORATIGONS ARE USUALLY AVOIDED, BUT SOME
OF THE OLDER WELLS, DRILLED WHEN SHALLOW FERFORATING WAS A MORE GOMMON
PRACTICE, SHOW HIGH TDS. HIGHLY MINERALIZED NATIVE WATER IN THE SAN
PEDRO FORMATION IS INDICATED BY THE 1938 SAMPLE FROM WELL 4N/19W—30P2 TAKEN
SHORTLY AFTER DRILLING. THIS WELL S PERFORATED ONLY [N THE SAN PEDRO
FORMATION. THERE WAS A MARKED IMFROVEMENT OF TH'S WATER WITH CONTINUED
PUMPING (TagLE 111-6). THE HIGH NITRATE AND FLUGRIDE CONCENTRATIONS ARE
TYPICAL OF S3ME OF THE SAN FPEDRO AQUIFERS. THE HIGH NITRATE CONTENT WOULD
ELIMINATE THE SUGGESTICN THAT THESE WATERS HAVE BEEN DEGRADED 3Y THE LOW
FLOWS 0F FoLE CREEK. WEAK CHLORIDES MAY SUGGEST THAT CESSPOOL RETURN CAN
NOT SE RELATED TOo THE HieH TDS. THE anaLysts orF 8/25/52 For weLL 30P2
SUGGESTS THE ENTRY OF A NEW WATER INTO THE WELL.

IN THE BROAD ALLUVIAL FLAT SOUTH OF THE SANTA CLARA RIVER, THE
NORMAL ALLUVIAL WATERS HAVE DEEN DETERIORATED IN PLACES FROM SECTioN &,

TZN, R20W To SecTion 6, T3N, R19W. THE PRIMARY SOURCE OF DEGRADING WATERS

I8 IRRIGATION RETURN, AS SHOWN CY SHARF INCREASES IN CALCIUM, SULFATE,

AND NITRATE. IN CERTAIN WELLS, FLUORIDE AND BORON ALSO OJ3ECOME HIGHS. A

MINOR AMOUNT OF DETERIORATION MAY BE,ATTRIBUTED TO OIL~FIELD DRINES, BUT
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CONSIDERING THE EARLY WIDESPREAD AND INDISCRIMINATE DISPOSAL PRACTICES IN
THE BarRosocaLe OiL FIELD, IT IS SURPRISING THAT THE INDICATED DETERIORATION
IS NOT CONSiDERAULY MORE. SOME OF THE DEGRADING WATERS MAY OE DERIVED
FROM THE MOUNTAIN TO THE SOUTH BUT THIS SOURCE IS BELIEVED TO OE MINOR FOR
THE FOLLOWING REASONS: (1) THERE 1S NO SYSTEMATIC DEGCREASE N DEGRADATION
AWAY FROM THE FRONT OF THE MOUNTAIN; (2) THE INDICATED VOLUME OF DEGRADING
WATERS IS FAR LARGER THAN WOULD OE EXPECTED FROM THE TIGHT OLDER ROCKS;

(3) THE KNOWN CHEM}CAL NATURE OF THE DEGRADING WATERS IS UNLIKE THAT

EXPECTADLE FROM LEAKAGE OQOUT OF THE OLDER ROCKS. A TYPICAL SCUTH SIDE DEGRADED

WATER 1S GIVEN I~ TaoLe |1]1-6. -

WELLS IN THE SeESPE UPLAND AREA PUMP MAINLY FROM THE SaN PeDRro
FORMATION. THERE IS LITTLE MOVEMENT OF WATER FROM THE MAIN ALLUVIAL
STRIPS TO THE SaN PEDRG AQUIFERS BENEATH THE SEsPE UPLAND EXCEPT POSSIBLY
FROM SESPE CREEK IN THE REACH NORTHWEST OF FIiLLMORE. IN WET YEARS, HOWEVER,

THERE IS PRODABLY MOVEMENT FROM BENEATH THE SESPE UPLAND INTO THE MAIN

ALLUVIUM, THE RECHARGE TO THE AQUIFERS BENEATH THE SESPE UPLAND IS THUS

'MAINLY FROM THE SIDE TRIBUTARIES == TimMpEr, O'Leary, LoRrD (BouLDER), AND

Snow CREEKS. EXPEGTABLY, THE CHEMIGAL CHARACTER OF THE WATERS DENEATH

THE SESPE UPLAND 1S QUITE DIFFERENT FROM THOSE [N THE REST OF THE F{LLMORE
BASIN WHERE RECHARGE |S RELATED MORE CLOSELY TO THE MAIN STREAM ALLUV|UM.
THE LEAST MINERALIZED GROUND WAfERs IN THE FILLMORE BASIN, OR FOR THAT
MATTER, IN THE ENTIRE DISTRICT, ARE FOUND IN SEcTicons 23 ano 26, TLN,
R20W. THESE WATERS ARE OF A CALG!UM BICARCONATE CHARACTER, WITH UNUSUALLY
HIGH NITRATE, AND FLUORIDE COMMONLY OVER 1.0 PPM. THOUGH EXCELLENT FOR
IRRIGATION USE, THESE NATIVE SAN PEDRO WATERS MAY BE MARGINAL FOR DOMESTIC
USE BECAUSE OF THE FLUORIDE AND NITRATE CONTENT. WATERS OF MUGCH THE SAME
TYPE, OUT USUALLY MORE MINERALIZED, EXTEND WESTERLY BENEATH THE ENTIRE
Sespe UpLAND. DETERIORATION OF GROUND WATERS IN THE SESPE UPLAND APPEARS
TO DE DUE TO IRRIGATION RETURN. Weii 4N/20W-33G1 is PERFORATED ABOVE THE
SaAN PEDRO FORMATION AND SHOWS VERY HIGH SULFATE WATERS ENTERING THE WELL
(TapLe 111=6). HiGH NITRATE IN THIS AREA IS NOT NEGESSARILY A CRITERION
OF IRRIGATION RETURN, AS THE NATIVE SAN PEDRO WATERS MAY BE HIGH IN
NITRATE ALS0. NOT ALL OF THE NUMEROUS SaN PEDRO AQUIFERS BENEATH THE
éESgEVUFLANDVCONéAIN WAfEhSMWITH HIGH‘NiTRATE AND HIGH FLUORIDE. SoME

WATERS SHOW LOW NITRATE; THE SAME CR DIFFERENT WATERS SHOW LOW FLUORIDES.
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NEAR THE WESTERN BASIN DOUNDARY AND NORTH OF THE RIVER, THE
SHALLOW WATERS, ESPECIALLY IN THE NW % oF SecTion 12, T3N, R21W HAVE DBEEN
DEGRADED. THESE WATERS SHOW HIGH SULFATE, HIGH NITRATE AND HIGH CHLORIDE
(TapLe 111-6). BOTH FLUORIDE AND BORGN ARE LOWe ALTHOUGH THE DEGRADED
WATERS ARE PUMPED FROM WELLS NEAR A CITRUS PACKING PLANT, THE DETERIORANT
IS CHEMICALLY UNLIKE THE PLANT WASH AND RINSE WATERS. THE DEGRADING WATERS
HERE, ALSO, APPEAR TO BE [RRIGATION RETURN.
SANTA PAULA BASIN
SURFACE WATERS

SaNnTa CLARA RIVER FLOOD FLOWS ENTERING THE SANTA PauLa BASIN
USUALLY SHOW AN INVERSE RELATIONSHIP OF SALINITY TO RATE OF FLOW, BUT
AT TIMES, HIGH FLOOD FLOWS SHOW HIGHLY MINERALIZED WATERS (TagoLe [11=7),
SanNTA PauLa CREEK SIMILARLY SHOWS INGCREASING MINERALIZATION AS FLOW
DECREASES, DUT EVEN THE LOW FLOW WATERS ARE COMPARATIVELY GOGD, WIiTH LOW
TDS, FLUORIDE AND GORON (TasLe [!11=7). ONLY AT THE END OF PROLONGED
DROUGHTS IS THE QUALITY POOR; THIS MAY BE EXPLAINED IN PART BY IRR{IGATION
RETURN UPSTREAM FRGM THE SAMPLING POINT. MUCH POORER WATERS ARE ASSOCI|ATED
WiTH THE LOWER FLOWS DERIVED FROM THE CANYGONS CN THE NORTH SIDE OF THE
SaANTA FPauLa BasiN. ALL OF THESE NORTH TRIBUTARY WATERS HAVE A DOMINANT
SODIUM SULFATE CHARACTER. CHLORIDE AND NITRATE MAY DE PROPORTIONALLY
H1GH, AND DORON DURING LOW FLOWS MAY RISE TO MORE THAN 2.0 PPM.
GROUND WATERS - ‘

GROUND WATERS IN THE SANTA PauLa BaSIN, WHERE NOT DEGRADED, ARE
OF ACCEPTADLE DUT USUALLY NOT OF GOOD QUALITY. FOR IRRIGATION USE, DORON
IS MUCH LESS A PRODBLEM THAN IN THE PIRU aND FiLLMORE BasinNns. FOR DOMESTIC
USE, HIGH TDS, SULFATE, AND HARDNESS REDUCE THE DESIRADILITY OF THE WATER
BUT FLUORIDE 1S ONLY A MINOR PROBLEM.

EXCEPT FOR A LIMITED NUMDER OF SHALLOW WELLS [MMEDIATELY ADJAGENT
7O THE SANTA CLARA RIVER, MGST GROUNO WATERS ARE FUMPED FROM THE DASAL
UPPER PLEISTOCENE GRAVELS AND THE MANY SAN PEDRO AQUIFERS WHICH ARE
COVERED BY THE ALLUVIAL FANS DERIVED FROM THE NORTH. JTHE LARGEST OF THESE
FANS WAS DEPOSITED O8Y SANTA PauLa CREEK; UPON THIS THE CITY OF SANTA

PauLa s LOCATED. BECAUSE OF THE LARGE TRIDUTARY DRAINAGE THE RECHARGE

TO THIS FAN IS EXCELLENT. SEVERAL LONG SERIES OF CHEMICAL ANALYSES ARE

AVAILABLE FCR WELLS IN THE NW % oF SecTion 11, T3N, R21W. THE ToTaAL
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DISSOLVED SOL!DS ARE DISTINCTLY HIGHER DURING DROUGHT PERIODS THAN DURING
weT PERIODS (TabLe I11-7), AsS DROUGHT PROGRESSES THERE 1S USUALLY A
PROPORTIONATE I[INCREASE IN SULFATE WITH RESPECT TO GICARDONATE. WHERE
PERFORATIONS ARE DEEPER, THE WATERS PUMPED ARE CONSIDERED TO REPRESENT
ESSENTIALLY NAT!VE CHEMICAL CHARACTERISTICS IN THE WATERS OF THE SaN PEDRO
FORMATION. THESE NATIVE WATERS SHOW A CLOSE SIMILARITY OVER MUGCH OF THE
SANTA PauLa BASIN, WITH DOMINANT CALCIUM,AND WITH BICARDONATE AND SULFATE
NEARLY EQUAL, AS WELL AS LOW NITRATE, FLUORIDE, AND BORON (TaoLe [l1=7).
OVER MUCH OF THE BASIN THE SHALLOWEST WATERS ARE TYPICALLY POOR, AND THERE
IS USUALLY A PRONOUNCED IMPROVEMENT OF QUALITY WITH DEPTH. SEVERAL CABLE-
TOOL WELLS WERE SAMPLED AT VARIOUS DEPTHS DURING DRILLING, AND THE WATER
ANALYSES INDICATE THE NATURE OF THE CHANGES WITH DEPTH. THE SHALLOW WATERS
ARE TYPICALLY HIGH IN SULFATE AND BDORON, AND PROPORTIONALLY HIGH IN SODIUM,
WITH DEPTH THE WATERS IMPROVE TO THE MORE TYPICAL NATIVE SAN PEDRO WATERS.
WESTERLY IN THE SANTA PauLA BASIN THE SHALLOW WATERS APPEAR TO BECOME
POORER.

DETERIORATION OF GROUND WATERS I8 GENERALLY RELATED TO THE ENTRY
OF THE POOR QUALITY SHALLOW WATERS. THE SOURCES OF THE DEGRADING WATERS
are: (1) 1RrRIGATION RETURN; (2) municipaL sewace; (3) CITRUS PACKING
PLANT wasTes; (4) oiL-FiELD oRrRINES; (5) LEAKAGE FROM THE OLDER ROGCKS ON
THE SOUTH SIDE.

WeLLs 3N/21W-21B1,E1, F1, anD F2 HAVE BEEN DEGRADED BY THE SEWAGE
TREATMENT PLANT IN THE NE % oF SecTioN 21. THE EFFLUENT OFTEN EXCEEDS ONE
OR MORE OF THE LIMITS SPECIFIED BY THE REGIONAL WATER PoLLUTION CONTROL
BoaRD: CHLORIDE -~ 175 PPM; AND BORON - 1.5 PPM. WeELL 3N/21W=16H1 Mavy
REPRESENT DETERIORATION FROM A CITRUS PACKING PLANT, AS SUGGESTED BY THE
HIGH SODIUM CHLORIDE CONTENT OF THE WATER., MUGH OF THE MINERALIZATION

IN THE SHALLOW WATERS MUST BE ATTRIBUTED TO IRRIGATION RETURN, ALTHOUGH

HIGH NITRATES ARE MUCH LESS IN EVIDENCE THAN IN THE PIRU AND FILLMORE BasiINs.

[T HAS DEEN SUGGESTED THAT THE WATER IN WELL 3N/21W-28M1 HAS DEEN DEGRADED
0Y WATERS LEAKING FROM SOUTH MOUNTAIN. AN ALTERNATIVE EXPLANATION IS THAT
THE SALTS ARE DERIVED FROM |RRIGATION RETURN, WITH PERHAPS SOME GCONTRIBUTION
S5Y WATERS OF SEWAGE EFFLUENT ORIGIN. THE CHEMICAL QUALITY |S CONSISTENT
QlTH THE ALTERNATIVE EXPLANATION. NO WELLS SUGGEST DEGRADATION DY OlL=

FI1ELD WASTES, 3Y EITHER THE SODIUM CHLORIDE WATER OF THE SOUTH MOUNTAIN

FHi=-14
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FlELD, OR THE SODIUM DBJCAR3ONATE WATERS PRODUCED WITH THE OIL IN THE ADAMS
AND WHEELER CANYON DRAINAGES. POOR QUALITY WATERS BENEATH THE ALLUVIAL
FANS OF ALISO AND WHEELER CANYONS ARE SODIUM SULFATE WATERS LIKE THOSE
WHICH APPEAR TO BE NATIVE IN THESE CANYONS. THE DEGRADING WATERS MAY BE
LOwW FLOWS FROM THESE CANYONS, OR BETTER QUALITY HIGH FLOW WATERS OF THE
SAME CHEMICAL CHARACTER WHICH HAVE DEEN CONGCENTRATED OBOY |RRIGATION
EVAPOTRANSPIRATION,

MOUND BASIN

GROUND WATERS

WATERS PUMPED FROM THE MOUND BASIN COME FROM THE 35ASaL UPPER
PLEISTOCENE GRAVELS OR FROM AQUIFERS IN THE UNDERLYING SanN PEDRO
FORMATION. AS SUGGESTED SY THE CHEMICAL ANALYSES IN TapLe [11-8, anp ‘as
CONFIRMED DY THE GEOLOGIC RELATIONSHIPS, THESE WATERS MAY OE PART OF A
COMMON HYDROLOG!C SYSTEM. FOR IRRIGATION USE, ALMOST ALL THE WATERS WOULD
FaLL IN Crass |11, ONLY AN OCCASIONAL WATER SHOWS AN EFFECTIVE SALINITY
OF LESS THAN 7. BORON CONCENTRATION [S USUALLY LESS THAN 1.0 PPM.

THE DESIRABILITY OF THESE WATERS FOR DOMESTIC USE IS LESSENED BY HIGH
HARDNESS, HIGH SULFATE, HIGH TOTAL DISSOLVED SOLIDS, AND IN PLACES HIGH
IRON. FLUORIDE Is EVERYWHERE LESS THaN 1.0 pPM. DEEPER DRILLING.INTO THE
SAN PEDRO FORMATION IN THE FUTURE MAY REVEAL THAT THE DEEPER WATERS ARE

OF SOMEWHAT POORER QUAL!ITY. DEGRADED WATERS WITHIN THE DISTRICT ARE

SHOWN BY THE ANALYSES iN TaoLe !11-8. INCREASED MINERALIZATION IS USUALLY
ACCOMPANIED BY A SHARP INCREASE IN NITRATE. AS MGST OF THE KNOWN NATIVE
WATERS ARE FAIRLY LOW IN NITRATE, THE DEGRADING WATERS MIGHT DE

IRRIGATION RETURN. SUCH AN EXPLANATION wOoULD REQUIRE (A) VERY SHALLOW
PERFORATIONS; OR (B) FAULTY WELL CONSTRUCT!ION EITHER IN THE WELL SAMPLED
OR IN A WELL NEARBY.

THeE MounD BASIN IS AN AREA WHERE THE SaN PEDRO AQUIFERS ARE
LENTICULAR AND MAY NOT DE SO THOROUGHLY FLUSHED AS DENEATH THE OxnarD Prarwn.
SOME OF THE KNOWN POGRER QUALITY WATERS MAY OBE DERIVED FROM THESE LENSES.
STATUS OF SEA~WATER INTRUSICN

No weLLS IN THE MouND BASIN HAVE YET SHOWN THE HIGH CHLORIDES
OF INTRUCING OCEAN WATER, BUT SUCH INTRUSION MAY DE PHYSICALLY POSSIBLE

SUBDMARINE OUTCROPS WOULD 3E MANY MILES FROM SHORE AND THE SEA-WATER FRONT

LHE=15
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WITHIN THE 0ASAL UPPER FLEISTOCENE AQUIFERS WOULD NOT REACH THE COASTLINE
FOR MANY DECADES, THE BASAL LAYERS OF THE SAN PEDRO FORMATION CROP OUT
ALONG THE OCEAN DOTTOM WEST OF THE VENTURA RIVER. WewL 2N/23W~5P1 Has
SHOWN INCREASING CHLORIDES FOR THE LAST FEW YEARS. WHEN THE WELL WAS
DRILLED THE ELECTRIC LOG SHOWED SALINE WATERS IN THE UPPER 200 rFeeT. THE
ALLUVIUM HERE IS KNOWN TO BE HIGH IN CHLORIDES DUE TO WASTE DISCHARGES.
THE HIGH CHLORIDES IN WELL 5P1, THEN, MAY NOT REPRESENT AN EASTERLY MOV ING
SEA-WATER FRONT IN THE SaAN PEDRO AQUIFERS. INSTEAD, THE CHLORIDE INGCREASE
MAY BE RELATED TO THE SHALLOW CHLORIDE WATERS LEAKING Wi THIN THE WELL OR
COMING THROUGH SUD~ALLUVIAL OUTCROPS OoF SAN PEDRO AQUIFERS. NoO wELLS 1IN
THE DISTRICT PUMP FROM AQUIFERS WHICH COULD BE AFFECTED BY SEA=-WATER

INTRUSION INTO THE SUBDMARINE OUTCROPS WEST OF THE VENTURA RiVER,
MONTALVO BASIN

SURFACE WATERS

THE LOW VOLUME SURFAGE FLOWS ENTERING THE MoNTALVO BASIN CONSIST
MAINLY OF RISING WATER OUTFLOW FROM THE SANTA PAuLA BASIN. THE QUALITY
OF THESE LOW FLOW WATERS S FAIR FO VERY POORy, WITH TDS RANGING UP TO MORE
THAN 5000 PPM, ALTHOUGH USUALLY REMAINING BELOW 1500 ppm (TaoLe re1-8).
THE VERY HIGH TDS WATERS MAY INGLUDE EFFLUENT FROM THE SATICOY SANITARY
DisTricT. THERE 1S A TREMENDOUS |MPROVEMENT IN QUALITY DURING FLOOD FLOWS,
WHEN TDS May brROP To BELOW 500 pem (TacLe I 1Hi=8). IN ADDITION TO LoOw
TDS, THE FLOOD FLOWS ARE CHARACTERI|ZED CY DOMINANT CALCIUM, WITH A S0DIUM
PERCENTAGE OF ABOUT 25. AS THE VOLUME BECOMES LESS THE SODIUM PERCENTAGE
RISES, DUT USUALLY REMAINS BELOW 50. MAGNESIUM IS ALWAYS LESS THAN
SODIUM OR CALCjUM. FLOOD FLOW ANIONS SHOW SULFATE PERHAPS TWICE AS HiGH
AS DICARDONATE,; AND CHLORIDE QUITE LOWs AS FLOW DECREASES AND MINERAL=
}ZATION [NCREASES, DOTH SULFATE AND CHLORIDE RISE SHARPLY WHEREAS THE
INCREASES IN DICARDONATE ARE MORE MODERATE. BORON IS RARELY AS HIGH AS
1.0 peM,
GROUND WATERS

WATERS IN THE ALLUVIAL AQUIFERS OF MONTALVO BASIN SHOW MARKED
VARIATIONS OF CHEMICAL QUALITY WITH TIME. THERE IS A SUGGESTION OF AN

ANNUAL FLUGTUATION oF TDS, WITH THE HIGHEST VALUES IN THE FALL AND THE

'LOWEST IN THE WINTER OR SPRING. THERE IS & LONGER, MORE PRONOUNCED CYCLE

OVER THE WET AND DROUGHT FPERIODS. EspeciaLLy NOTICEACLE WERE THE EFFECTS

I11=-16



OF THE SPRING 1958 RUNOFF AND THE SPREADING OPERATIONS THAT YEAR. [N
1958, THE RUNOFF WAS OY FAR THE LARGEST SINCE 1952. ANALYSES OF GROUND
WATERS OVER THE ENTIRE BASIN [N THE FarL ofF 1957 sHoweo A TDS RANGE FROM
1270 To ovER 1600 pPpM. IN THE SPRING AND SUMMER OF 1958 THERE WERE SHARP
oroPs 0F TDS To 800 PPM OR BELOW.

ESPECIALLY INTERESTING ARE THE RESULTS OF THE 1958 oPERATIONS
AT THE EL RI0 SPREADING GROUNDS. THE SPREAD WATER BY ABOUT MaRCH 12,
1958 HAD REDUGED THE TDS IN THE WELLS AT THE EL RIO SPREADING GROUNDS
BY SEVERAL HUNDRED PPM. OSPREADING CONTINUED THROUGH AUGUST WITH FURTHER
IMPROVEMENT IN THE AVERAGE QUALITY. THREE MONTHS LATER, STARTING IN
DECEMDER, THERE WAS ANOTHER RELEASE AT SANTA FeELicia DAM FOR SPREADING.
On DeEceMBER 9, 1958, DEFORE SPREADING WAS RESUMED, THE EL Ri0 WELLS WERE
SAMPLED. THE WELLS ON THE DOWNGRADIENT (SOUTHWEST) SIDE OF THE SPREADING
GROUNDS sHOWED TDS ofF LeEss THAN 1000 PPM, WHEREAS THE UPGRADIENT (NORTHEAST)
WELLS SHOWED VALUES HIGHER THAN 1000 pPM. DURING THE THREE-MONTH NON-
SPREADING PéRloo, THE FRONT OF MORE MINERALIZED WATER HAD MOVED INTO THE
UPGRADIENT WELLS OUT HAD NOT REACHED THE DOWNGRADIENT WELLS.

THE GROUND WATERS OF THE MONTALVO BASIN ARE CHEMICALLY MUCH THE
SAME AS THE SURFACE WATERS, BUT HAVE A MUCH SMALLER RANGE OF TDS BECAUSE
OF CONTINUOUS DLENDING. WHEREAS FLOOD FLOWS MAY SHOW TDS aAs Low as 345
PPM, THE GROUND WATERS RARELY GET QELOW 800 ppM. \SIMKLARLY, THE HIGHLY
MINERALIZED LOW SURFACE FLOWS BDECOME GLENDED, BY THE TIME THESE GET
UNDERGROUND, TO A MIXTURE WITH A MUCH LOWER MINERAL CONTENT. LOW SURFACE
FLOWS MAY HAVE A SODIUM CONCENTRATION HIGHER THAN CALCIUM, BUT THE GROUND
WATERS SHOW CALC}UM PERSISTENTLY HIGHER THAN SOD!UMy ALTHOUGH AT TIMES
THEY MAY BE ALMOST EQUAL. BORON IN THE GROUND WATERS IS USUALLY DETWEEN
0.5 anD 1.0 PPM, AND CHLORIDE LESS THAN 100 PPM, FLUORIDE, THOUGH AT
TiMES MORE THAN 1.0 PPM, 1S TYPICALLY IN THE RANGE oF 0.7 To 0.9 rrM,
SULFATE 1S INVARIABLY HIGH, OCCASIONALLY AS LOw AS 300 PPM, BUT USUALLY
MORE THAN 400 ppmM.

IN THE WELLS OF THE ALTA MuTuaL WATER CoMmpany (2N/22W-2R anD 11A)
WHICH ARE PERFORATED IN THE Fox CANYON AQUIFER, THE VARIATIONS OF WATER
QUALITY ARE WIDER THAN“'N“TﬁE.AEFPVlAE AQUIFERS. THESE VARIATIONS SHOW
NO OBVIOUS RELATIONSHIP TO SURFACE RUNOFF, ALTHOUGH ONE MAY BE OBSCURED

CY A LAG EFFECT, AS YET UNCETERMINED.

Hi=17



A LARGE SOURCE OF POOR QUALITY WATER IN THE MONTALVO BASIN IS
THE OUTFLOW FROM SANTA PauLa BasiN. NEAR THE END OF A PERIOD OF DRY YEARS
THE RISING WATER AND PRODADBLY THE UNDERFLOW ARE APPREGIABLY MINERAL!ZED
(TaoLe 111-8). FooR WATERS ARE ALSO CONTRIDUTED OY THE LOW FLOWS N MINOR
TRIBUTARIES COMING FROM THE NORTH. HiGH GCALCIUM, SULFATE, AND NITRATE lN.
SOME OF THE DEGRADED WELL WATERS INDICATE THAT LOCAL IRRIGATION RETURN MAY
BE IMPORTANT.

PART OF THE TOwN OF SATICOY 1S SERVED BY THE SATICOY SANITARY
DisTriCT, WHlCHHOPERATES A SMALL COLLECTION SYSTEM WITH A30UT 100 CONNECTIONS,
IN THE PAST, APPRECIADLE VOLUMES OF INDUSTRIAL WASTES WERE DISCHARGED TO
THIS SYSTEM, ALTHOUGH IT IS UNDERSTOOD THAT THIS PRACTICE IS BEING
DISCONTINUED. THE SEWAGE IS DELIVERED TO A SERIES OF SEPTIC TANKS WHICH
DISCHARGE TO PERCOLAT!ION PONDS AT THE EDGE OF THE SANTA CLARA RiIVER. THE
DOMESTIC WATER DELIVERED IS IN THE RANGE oF 1400 1o 1700 PPM, AND THE
EFFLUENT 1S USUALLY MORE THaAN 2000 pPPM™M.

OXNARD PLAIN BASIN

GROUND WATERS

PRIOR TO THE WIDESPREAD EXPLOITATION OF GROUND WATERS OF THE
OxNARD PLAIN, PERCOLATION FROM THE SANTA CLARA R{VER IN MONTALVO BASIN
AND RAINFALL PENETRATION, ALONG WITH UNDERFLOW FROM SaNTA PauLA BASIN FED
THE OXNARD AQUIFER AND THE WATER MOVED SEAWARD DENEATH THE OxNarRD PLAIN
AND PROBADLY ESGCAPED TO THE OCEAN AS SUDMARINE SPRiINGS IN HUENEME AND
MUGU SUBMARINE CANYONS. WATER-LEVEL SLOPES WERE GENTLE AND OCEANWARD
MOVEMENTS WERE SLOW. BECAUSE OF LIMITED TRANSM[SSiBiLITY IN THE OXNARD
AQUIFER AND THE LOW WATER-LEVEL SLOPES, MONTALVO BASIN TENDED TO REMAIN
NEARLY FULL., UNDER SUCH CONDITIONS THERE WAS MUCH REJEGCTED RECHARGE.
THERE MAY HAVE DEEN A SLIGHT INCREASE IN MINERALIZATION OF THE UNDERGROUND
WATERS AS THEY MOVED SLOWLY TOWARD THE OCEAN. THE WATER RECHARGED TO THE
MoNTALVO BASIN UNDER THESE NATIVE CONDITIONS WAS PRODADLY LARGELY OF VERY
GOOD QUALITY. A GOOD INDICATION OF THE QUALITY OF THE ORIGINAL WATER
MIGHT OE OBTAINED FROM THE CHARACTERISTICS OF THE BEST QUALITY WATER WHICH
Is Now FOUND IN THE OXNARD AQUIFER. TOTAL DISSOLVED SOLIDS WERE PROBADLY

LEss THaN 700 ppmM. CALCIUM wAS THE DOMINANT CATION AT ADOUT 125 PPM, AND

soDIuM was 80 To 90 PPM. MAGNESI{UM WAS PROCAGLY LESS THAN 40 pPpM.

SULFATE WAS THE MOST IMPORTANT ANION AT 300 oR MORE PPM, AND BICARDBONATE

[11-18



ONLY SLIGHTLY LESS IMPORTANT DBUT WITH LESS THaAN 300 pPepM, IN THE PORTION
OF THE OXNARD AQUIFER NEAR PLEASANT VALLEY, THE ORIGINAL GICARBONATE MAY
HAVE BEEN HIGHER THAN SULFATE. OCHLORIDE WAS ALWAYS MINOR AND LESS THAN
50 PPM. DESPITE THE RELATIVE ABUNDANCE OF GORON IN THE UPSTREAM BDASINS,
NATURAL DILUTION WAS EFFECTIVE; NATIVE DBORON CONTENT IN THE OXNARD AQUIFER
WAS PRODBABLY NEVER AS MUCH as 1.0 pePM.,

THERE HAS DEEN APPRECIADLE DETERIORATION OF THE CHEMICAL QUALITY
OF WATERS IN THE OXNARD AQUIFER SINCE THE CEGINNING OF AGRICULTURAL
DEVELOPMENT OF THE OXNARD PLAIN AND THE UPSTREAM DBASINS. THESE AGRICULTURAL
AND ASSOCIATED DEVELOPMENTS IN THE UPSTREAM BASINS AND IN MoNTALVO Basin
HAVE RESULTED IN A MORE MINERALIZED RECHARGE TO THE OXNARD AQUIFER. WHEREAS
NATURAL, PRE-DEVELOPMENT WATERS IN THE MONTALVO BASIN APPEAR TO HAVE HAD
LEss THAN 700 ppm TDS, AT THE PRESENT TIME FEW REGCHARGING WATERS HAVE
TDS Less THaN 1000 ppM. THE DEFINITELY MORE MINERAL|ZED WATERS HAVE MOVED
TO ABOUT THE CITY oF OXNARD, WHEREAS SEAWARD OF THE CITY OF OxNARD, MOST
OF THE WATERS STiLL SHow TDS oF LEss THaAN 1000 PPM. MANY WELLS TAPPING
THE OXNARD AQUIFER HAVE A FLUORIDE CONTENT OF 1.0 PPM OR MORE. THE
FLUORIDE CONCENTRATIONS APPEAR TO FLUCTUATE ERRATICALLY, HOWEVER. ANALYSES
WITH MORE THAN 1.0 PPM FLUORIDE MADE SUGSEQUENT TO 1952 ARE MUCH LESS
COMMON THAN THOSE MADE IN 1952 a4ND EARLIER. THIS INDICATED TREND OF
IMPROVEMENT MAY NOT GE S{GNI(FICANTS

UNDER NATIVE CONDITIONS, MUCH OF THE AREA OVERLYING THE fcLAY
cAP' WAS CHARACTERIZED BY HIGHLY ALKALINE soiLs (REF. 7). THE CONDIT!ONS
WERE ESPEC!IALLY SEVERE ALONG THE COAST WHERE THE WATER=TAGLE RIDGE IN THE
DUNES, ESPECIALLY NORTH OF PORT HUENEME, PREVENTED OUTFLOW OF THE SHALLOW
WATERS. BEFORE THESE LANDS COULD BE FARMED THEY HAD TG DE DRAINED AND
LEACHED. THERE IS NOW AN EXTENSIVE SYSTEM OF TILE DRAINS AND DITCHES
OVER MOST OF THE AREA DETWEEN OXNARD AND THE COAST. THE SHALLOW WATERS
ARE STILL OF VERY POOR QuUALITY (TaoLe [[1-9). AsS THE MAIN INCREMENT TO
THESE SHALLOW WATERS S [RRIGATION RETURN, THE QUALITY CONTINUES TO REMAIN
POOR. IMMEDIATELY FOLLOWING HEAVY RAINS, THE WATER FORMING THE GROUND
WATER RIDGE JN THE COASTAL DUNES NORTH OF PORT HUENEME IS OF EXCELLENT
QuaLtTy (TaoLe 111=9). THE QUALITY CETERIORATES RAPIDLY, HOWEVER.

SO LONG AS FOSITIVE ARTESiAN HEADS WERE MAINTAINED IN THE COASTAL

PORTIONS OF THE OXNARD AQUIFER THERE WAS NC POSSIOILITY OF DETERIORATION
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OF CHEMICAL QUALITY IN THE OXNARD AQUIFER OY DOWNWARD MOVEMENT OF THE NEAR-
SURFACE WATERS. ON THE CONTRARY, THERE MAY HAVE BEEN SOME SMALL,y LOCAL
UPWARD ESCAPE FROM THE OXNARC AQUIFER INTO THE SHALLOW ZONES THROUGH WELLS
WITH VERY SHALLOW PERFORATIONS. WiTH WIDESPREAD AND INTENS|VE PUMP I NG ,
HOWEVER, AND THE CONSEQUENT DEPRESSION GELOW SEA LEVEL OF LARGE AREAS
OF THE OXNARD AQUIFER PIEZOMETRIC SURFACE, THERE WAS CREATED A CONDITION
FAVORING (1) SEA-WATER INTRUS1ON, AND (2) DOWNWARD LEAKAGE FROM THE SHALLOW
ZONES THROUGH ADANDONED OR SHALLOW-~PERFORATED WELLS. THERE IS AMPLE
EVIDENCE THAT WELLS HAVE DEEN DEGRADED BY INTRUDING SEA wATER (TaoLe [11-9).
DETERIORATION OF WELL WATERS TAPPING THE OXNARD AQUIFER IS PROCAGLY ALSO
OCCURRING DUE TO MOVEMENTS FROM THE SEMI-PERCHED ZONE, GUT IT IS-MORE
DIFFICULT TO DEMONSTRATE.
STATUS OF SEA-WATER INTRUSION

OVER AN AREA OF ABOUT 2640 acres NEAR PORT HUENEME THE OXNARD
AQUIFER HAS ALREADY DEEN INVADED B8Y SEA WATER (PLATE 17). THE INVASION
STARTED AT THE SUBMARINE OUTCROP IN HUENEME SUBMARINE CANYON, AND [N
RESPONSE TO LANDWARD GRADIENTS THE SALT WATER HAS MOVED BENEATH THE LAND
SURFACE. TO AVOID INTERPRETATIONS GASED ON MINOR CHANGES {N NATIVE WATERS,
INVASION IS ASSUMED TO HAVE STARTED WHEN THE CHLORIDE CONTENT REACHED
100 PARTS PER MILLION. MOST OF THE NATIVE WATERS IN THE OXNARD AQUIFER
SHOWED A CHLORIDE CONTENT oF 45 ppM or LESS, AND A RISE EVEN TOo 50 ppP™
MAY IN SOME PLACES GE AN INDICATION OF THE APPROACHING SEA-WATER WEDGE.
On TasLe 111-10 ARE LISTED THE WELLS WHICH TC DATE ARE CONSIDERED TO HAVE
BEEN INVADED DOY OCEAN WATER.

A SMALL PORTION OF THE OXNARD AQUIFER WAS INTRUDED DY SEA WATER
DURING THE DROUGHT PERIOD OF THE EAR@Y 1930's. WeLL 1IN/22W-28D1 sHoweD
CHLORIDES OF MORE THAN 2000 ppmM DurRING 1931. By MarcH 1933, HOWEVER, THE
CHLORIDES WERE DOWN TO 42 pPM. WeELL IN/22W~-20N1 SHOWED A SIGNIFICANTLY
H1GH CHLORIDE CONTENT oF 103 pPm IN JuLy 1936. By DeCEMBER 1939 THE
CHLORIDES WERE DOWN TO 49 PPM. THE CHLORIDE (INCREASE IN WELL 1MN/22W~20E1
wHicH REAaCHED 100 PPM IN SEPTEMBER 1954 REPRESENTS THE RE~ADVANCE OF THE
SEA-WATER WEDGE THAT HAD REACHED THE WELL EARLIER, PROBAGLY [N LATE 1950.
By ApriL 1951 THE CHLORIDES HAD RISEN TOo 530 PPM, DUT DEGREASED TO ONLY
hé.éPM IN SEPTEMBER 1952; THE RETREAT OF THE WEGGE A SHORT DISTANCE MAY

BE ASSOCIATED WITH THE RECOVERY OF WATER LEVELS DURING THE WET YEAR OF
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TaoLe [11-10. WeLLs NEAR PORT HUENEME INTRUDED DY SEA WATER AS OF

May 1959.
STATE NUMBER CounTy NUMBER MONTH WHEN CHLORIDES
REACHED 100 ppPM
1N/22w-17q2 8-V-3 Jury 1957
IN/22W~19H1 8-V=-15 SEPTEMBER 1954
IN/22W-20E1 » 8-v-24 SepTEMBER 1954
IN/22W=20N"1 8=V-11 JuLy 1936 anp ApriL 1948
'E TN/ 22W=20R" 8=v=21 DECEMBER T950
! IN/22W=-21d"1 9-v-28 Januvary 1959
IN/22W=-21J3 9-V-53 } May 1958
IN/22W=21L1 | 9-v-15 DeEcemMBER 1953
IN/22W-21L2 9-V-65 ' Decemoer 1953 -
IN/22W-21N1 FEBRUARY 1959
IN/22W=21Q1 9-vV-42
IN/22W-28A2 9-~-W-20 Decemper 1958
IN/22W-2843 9-W-19
IN/22W-28D1 O-w-2 PRE-1931

IN/22W~-2942 8-W-1 _ AuecusT 1951



1952, WHEN THERE WAS AN UNUSUALLY LONG PERIOD OF SUBNORMAL PUMPING. HIlaH
CHLORIDES ARE EVIDENT IN weELLs 1IN/22W-17J2 anbo 20R1 (Hueneme NavaL Base
WELLS #12 AND #2, RESPECTIVELY). IN DETWEEN THESE TWO WELLS 1S HUENEME
NavaL Base werl #4 (IN/22W-20B1) WHICH HAS SHOWN A PERSISTENT NATIVE
CHLORIDE CONTENT (50 PPM OR LESS). IT IS HIGHLY UNLIKELY THAT THE SEA
WATER ADVANCING WITHIN THE OXNARD AQUIFER WOULD HAVE OYPASSED THE POSITION
ofF weLlL #4. LIMITED DATA SUGGEST THAT WELL #4 1s PERFORATED ONLY BELOW
THE OXNARD AQUIFER, IN A zONE (1) IN WHICH THE INVADING SEA WATER HAS NOT
YET ADVANCED SO FAR INLAND, OR (2) WHICH IS LENTICULAR AND NGT IN
COMMUNICATION WITH THE OCEAN, SUBNORMAL WATER LEVELS FAVOR THE LATTER
SUGGESTION

INVASION OF SEA WATER HAS PROGCEEDED FROM THE OUTCROP IN HUENEME
SUBMARINE CANYON LANDWARD ALONG A GRADUALLY EXPANDING ARC. AS THE RATE
OF ADVANCE IS GOVERNED DY THE MAGNITUDE OF THE LANDWARD SLOPE, THE FASTEST
MOVEMENT HAS DEEN NORTHEASTERLY, TOWARD THE MAIN PUMPING TROUGH. MOVEMENTS
EASTERLY AND ALSC NORTHWESTERLY ACCOMPANI|ED THE GROWTH OF THE ARC. ACCORDING
TO GHYDBEN~HERZCERG PRINCIPLES, LANDWARD MOVEMENTS CGULD DEGIN WHEN THE
WATER LEVELS DROPPED BELOW ABOUT ELEVATION +6, ASSUMING AN AQUIFER DEPTH
oF 240 FEET AND A SPEGIFIC GRAVITY FOR SEA WATER oF 1.025. THuUS, SEA WATER
WOULD TEND TO MOVE FRCM THE OUTCROP I[NLAND (N ALL DIRECTIONS SO LONG AS
THE WATER-LEVEL ELEVATIONS WERE LESS THAN +6. AS ELEVATIONS OF THE OXNARD
AQUIFER PIEZOMETR!IC SURFACE HAVE BDEEN MAINTAINED BELOW SEA LEVEL ALMOST
CONTINUOUSLY FOR THE PAST 13 YEARS, THE SEA~WATER ADVANCE HAS DEEN FAIRLY
GENERAL FROM THE FOCUS AT THE SUDMARINE OUTCROP, ALTHOUGH THE RATE OF
ADVANCE HAS BDEEN A MAXIMUM IN A NORTHEASTERLY DIRECTION. THE AVAILAGLE
DATA SUGGEST ADVANCE RATES APPROACHING 1200 FEET PER YEAR IN THE NORTH-
EASTERLY DIRECTION, AND PERHAPS 1000 FEET PER YEAR EASTERLY AND NORTH-—
WESTERLY.

THE STATUS OF SEA-WATER INTRUS!ON BENEATH THE Mucu NavaL Base
IS MUCH LESS CLEAR. OBSERVATION weLL #2 (1S/21W-5H1) HAS SHOWN STEADILY
INCREASING CHLORIDES SINCE IT WAS INSTALLED IN 1949, THIS WELL was
CONSTRUCTED SO THAT WATER SAMPLES COULD DBE TAKEN FROM TWO DIFFERENT ZONES,
WITH A PACKER AND SEAL DETWEEN THEM. THE UPPER PERFORATIONS WERE CUT
BETWEEN DEPTHS of 180 anp 190 FEET, THE LOWER 3ETWEEN 330 anD 340 FeET.

SAMPLES FROM BOTH ZONES HAVE SHOWN VERY HIGH CHLORIDES, HOWEVER, THERE
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IS REASON TO BEL{EVE THAT THE PACKER AND SEAL HAVE FAILED (AS OCCURRED IN
OBSERVATION WELL #1) AND [T IS UNCERTAIN WHETHER THE HIGH CHLORIDE WATER
COMES FROM THE UPPER 2zONE (OXNARD AQUIFER) OR THE LOWER zONE (MuGU AQUIFER),
OR BOTHs ERRATIC WATER LEVELS IN TH!S WELL SUGGEST IT MAY BE PLUGGEDS.
BECAUSE MANY OF THE WELLS INLAND FROM THE MuGu NAavaL BASE ARE PERFORATED

IN DOTH SHALLOW AND DEEP ZONES, INTRUSION OF OCEAN WATER INTO ANY ZONE MUST
BE CONSIDERED A THREAT TO ALL ZONES.

INCREASING SALT CONTENT IN THE WATERS OF COASTAL WELLS CAN NOT
AUTOMATICALLY DE ATTRIBUTED TO INVASION OF SEA WATER INTO A PARTICULAR
AQUIFER. THE POSSIGILITY OF DOWNWARD MOVEMENT OF SHALLOWER POGOR QUALITY
WATERS MUST ALSO BE CONSIDERED. SOURCES OF DETERIORANTS MAY BE LISTED AS
FOLLOWS :

(1) AQUIFER INTRUSION DY SEA WATER

(2) CONNATE WATERS [N GCOASTAL MARINE SEDIMENTS

(3) IRRIGATION RETURN
ITem (1) MAY INDICATE INVASION DY SEA WATER INTO ANY AQUIFER PERFORATED
IN A MULT|=ZONE WELL NEARDY, BUT CAN NOT DE TAKEN TO INDICATE THE ARRIVAL
OF THE SEA=WATER FRONT IN A SPECIFIC AQUIFER. OTHER LINES OF EVIDENCE MUST
BE SOUGHT TO RESOLVE THIS PROBLEM. ALTHOUGH ALL THE IMPORTANT AQUIFERS
APPEAR TO HAVE BEEN THOROUGHLY ELUSHED BDY FRESH WATERS, SOME LENSES OF
MARINE SAND MAY NOT HAVE DEEN SO THOROUGHLY FLUSHED. WUNLIKE THE INCREASING
CHLORIDES WHICH TYPIFY AN ADVANGING SEA-WATER WEDGE, THESE LENSES SHOULD
SHOW A REDUCTICN OF CHLORIDES WI!TH TIME, IRRIGATICN RETURN WATERS GENERALLY
SHOW HIGH SULFATES AND OFTEN HIGH NITRATES, DUT NOT HIGH CHLORIDES, WHICH
ARE TOXIC TO PLANTS iIN SOIL SOLUTIONS AT RELATIVELY LOW CONGCENTRATIONS.

THE NATURE OF AN INTRUDING SEA~WATER WEDGE IS NOW WELL KNOWN FROM
THE DETAILED FIELD STUDIES CONDUCTED IN THE WEST BasiN oF Los ANGELES
County (Rer. 47). |T WAS CLEARLY DEMONSTRATED THAT THE ADVANCING SEA WATER
UNDER=RIDES THE FRESH WATER, AND IN THIS INSTANCE, OVER A DISTANGE OF
acouT 4500 FEET MEASURED AT RIGHT ANGLES TO THE COASTLINE. A SIMILAR WEDGE
HAS UNDOUBGTEDLY FORMED WITHIN THE OXNARD AQUIFER NEAR PORT HUENEME.

BECAUSE OF THIS WEDGE THE RISE IN CHLORIDES IN A WELL STARTS RATHER SLOWLY,
THE CHANGE FROM 50 PPM To 100 PPM TAKING PERHAPS % MONTHS OR MGRE. AS THE
WEDGE AT THE WELL GEGCOMES THICKER, THE CHLGRIDES RISE MORE SHARPLY. FROM

THE TIME OF THE FIRST INDICATION OF RISING CHLORIDES TO THE. POINT AT WHICH
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THE WATER DECOMES UNUSADODLE MAY BE AS MUCH AS 6 MONTHS.
FOX CANYON AQUIFER
NATIVE WATERS

GENERALLY SPEAKING, NATIVE WATERS IN THE Fox CANYON AQUIFER ARE
OF GOOD CHEMICAL QUALITY WHERE FLUSHING HAS DEEN THOROUGH. THESE WATERS
RARELY SHOW LESS THAN 500 ppm TDS, NOR MORE THAN 1000 ppm TDS. To THE
EAST OF THE DisTRICT, IN THE EaST AN WEST Las Fosas AREAS, THE Fox CanvonN
WATERS ARE LOWEST I[N SALINITY. THEY APPEAR TO HAVE BECOME MORE MINERAL|ZED
AS THEY FLOWED UNDERGROUND WESTERLY TOWARD THE OCEAN. SUPERIMPOSED ON THIS
GENERAL NATIVE PATTERN ARE NUMEROUS COMPLEXITIES RESULTING FROM MULTI—ZONE
WELLS TAPPING INFERIOR OVERLYING WATERS OR INFERIOR UNDERLYING WATERS, OR
FROM POORLY FLUSHED SAND AND GRAVEL LENSES.

IN THE Fox CANYON AQUIFER BENEATH THE OXNARD PLAaIN, CALCIUM AND
SODIUM ARE USUALLY ABOUT EQUAL, ALTHOUGH EITHER MAY BE THE DOMINANT CATION
(TasLe 111-11). MaGNESIUM 1S TYPICALLY ADOUT 50 PPMm. BICARDONATE AND
SULFATE ARE 3CTH HIGH, AND SULFATE IS USUALLY THE HIGHER. AVERAGE TDS
Is LEss THAN 800 PPM. CHLORIDE IS ALMOST ALWAYS LESS THAN 50 PPM, AND ONLY
OCCASIONALLY MORE THAN 100 PPM. BORON IS ALMOST ALways CeELOW 0.5 rpPMm,
ANC FLUORIDE BELOW 1.0 pepm,.

SoME OF THE Fox CANYON WATERS PUMPED FROM BENEATH PLEASANT
VALLEY ARE MUGH THE SAME AS THOSE BENEATH THE OXNARD PLAIN; OTHERS ARE
DISTINCTLY MORE MINERALIZED (TaoLe [11-11). ‘THE CETTER Fox CANYON WATERS
ARE OF HIGHLY ACCEPTABLE QUALITY FOR DOMESTIC AND IRRIGATION USEe THE
MORE MINERAL!ZED WATERS, IN ADDITION TO HIGH TDS, ARE LESS DESIRAGCLE FOR
DOMESTIC PURPOSES DECAUSE OF HIGH HARDNESS AND SULFATE CONTENTS.
SOURCES OF DEGRADING WATERS

THERE ARE SEVERAL SOURCES OF POOR QUALITY WATERS THREATENING
THE CONTINUED USASILITY OF Fox CaNYOoN WATERS, OTHER THAN SEA WATER, WHICH
WILL CE TREATED N A LATER SECTION. |T :SHOULD BE STRESSED THAT WELLS DRILLED
TO TAP THE Fox CANYON AQUIFER CAN NOT DE DRILLED TO INDISCRIMINATE DEPTHS
AND PERFORATED IN ALL AVAILADLE PERMEABLE ZONES WITH THE EXPECTATION THAT
THE WATER PUMPED WILL GE OF ACCEPTAGBLE CHEMICAL QUALITY. [N PLACES WELLS
WHICH ARE DRILLED TOO DEEP YIELD WATERS GF INFERIOR QuaLITYy. ONE OR MORE
WELLS IN PLEASANT VALLEY HAVE CEEN ADANDONED DBECAUSE OF EXCESS|VELY DEEP

PERFORATIONS AND CONSEQUENT POGR WATER. HYDROGEN SULFIDE GAS HAS CZEEN
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ENCOUNTERED IN THE DEEPER ZONES OVER LARGE AREAS IN PLEASANT VaLLey. Mugu
NavaL Base weLL #3 (1IN/21W-31L1) ENCOUNTERED HYDROGEN SULFIDE GAS IN SANDS
OF THE SANTA Baroara FORMATION. PLuGGING OFF THE LOWER PART OF THIS HOLE
IS REPORTED TO HAVE SOLVED THIS DIFFICULTY. HYDROGEN SULF]|DE WATERS WERE
FOUND ALSO IN SecTions 27 anp 28, T2N, R21W, AND NEAR SOMIS. SMALL AMOUNTS
OF THIS GAS WERE NOTICED ALSO IN HUENEME Base weLL #21 (IN/22W=-17B1). MucH
OF THE POORER QUALITY WATER, WITH HIGH TDS OR HYDROGEN SULFIDE OR BOTH
APPEARS TO OCCUR IN THE UPPER PART OF THE SANTA BARGCARA FORMATION (GrtMES
CANYON MEMBER) ALTHOUGH IN PLAGES THIS WATER MAY BE IN THE LOWER PART OF
THE Fox CANYON AQUIFER. NO CLEAR-CUT GENERALIZATION CAN BE MADE AT THIS
TIME.

APPRECIABLY HIGHER TDS ARE NOTED WHERE THE Fox CANYON WELLS ARE
PERFORATED ALSO IN THE SHALLOWER SAN FEDRO ZzZONES. IN SOME oF THESE
INSTANCES, THE LESS DESIRAGLE WATERS ARE CLEARLY OF A SODIUM CHLORIDE
CHARACTER. THE DETERIORATING SOURCES ARE PROBADLY SAND LENSES WHICH HAVE
NOT DEEN THOROUGHLY FLUSHED OF THE ORIGINAL CONNATE WATERS. SEVERAL WELLS,
INITIALLY SHOWING A RELATIVELY HIGH SODIUM CHLORIDE CONTENT, UPON PROLONGED
PUMPING SHOWED A MARKED DROP IN SODIUM CHLORIDE CONTENT AND A MATERIAL
REDUCTION oF TDS (Taore l11=11). THesE CHANGES SUGGEST THAT THE SAND LENS
HAS DEEN DEPLETED OF THE POORER QUALITY WATER] THE IMPROVEMENT IN QUALITY
IS EXPECTED TO DE PERMANENT.

DEGRADING WATERS WITH VERY HIGH SULFATE AND NITRATE ARE PRODABGLY
DERIVED FROM VERY SHALLOW SOURCES, TRACEADLE TO IRRIGATION RETURN. THE
WELLS MAY GE PERFORATED EXGESSIVELY HIGH. CHANGES IN WATER QUALITY ARE
HIGHLY ERRATIC. OSOME OF THE SHALLOWER ZONES IN PLEASANT VALLEY ARE DBEING
DEPLETED RAPIDLY AND PERHAPS IN TIME THE QUALITY WILL IMPROVE GECAUSE GOF
THE REMOVAL OF THESE POORER WATERS.

ELECTRIC LOGS OF O!L WELLS IN AND NEAR SECTION 25, T2N, R23W

INDICATE THAT THE Fox Canvon SANDS AND GRAVELS N THIS VICINITY CONTAI!N
WATER OF INFERIOR CHEMICAL QUALITY. THIS AREA IS CLOSE TO THE UPLIFTED AND
FAULTED AREA ASSOCIATED WITH THE MONTALVO FauLT. THE INFERIOR QUALITY
MIGHT BE EXPLAINED BY (1) OYPASSING OF THI!S STRUCTURALLY HIGH AREA DURING

FLUSHING, OR (2) DETERIORATION BY POOR QUALITY WATERS MOVING UPWARD ALONG

THE FAULT."

IF THE COMPLEXITY OF CHEMICAL RELATIONSHIPS IN PLEASANT VaLLEY
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IS REPRESENTATIVE, THEN FUTURE DEEP DRILLING ON THE OXNARD PLAIN MAY REVEAL
Fox CANYON WATERS WHICH IN PLACES ARE NOT OF ACCEPTADBLE CHEMICAL QUALITY,
NEVERTHELESS, THE THOROUGHNESS OF THE FLUSHING SUGGESTS ACOEPTABLE QUALITY
IN THE Fox CANYON LAYERS OVER MOST OF THIS LARGE UNTESTED AREA.
STATUS OF SEA-WATER INTRUSION

No Fox CANYON WELL HAS YET BEEN ADANDONED BECAUSE OF {NTRUDING
SEA WATER BUT THERE SEEMS TO BE AMPLE EVIDENGE TO INDICATE THAT THE INTRUSION
OF OCEAN WATER INTO THE SEAWARD EXTENS|ONS OF THE Fox CANYON AQUIFER HAS
ALREADY DBEGUN. THIS STATEMENT IS BASED UPON THE FOLLOWING LINES OF
EVIDENCE:

(1) THE Fox CANYON AQUIFER is A THICK, MARINE SAND. NEAR THE
SHORELINE IT IS SEVERAL HUNDRED FEET THICK AND APPEARS TO EXTEND
AS A DISTINCT PERMEABLE UNIT FOR A CONSIDERADLE DISTANCE BENEATH
THE OCEAN.

(2) OFF THE SOUTHERN PART OF THE OXNARD PLAIN THE OCEAN BOTTOM HAS
A FAIRLY STEEP SLOPE, WHICH WOULD FAVOR THE POSSIBILITY OF A
SUCMARINE OUTCROP FOR THE GENTLY DIPPING Fox CANYON AQUIFER.
HUENEME AND MUGU SUDMARINE CANYONS WOULD CAUSE SUGH A SUBMARINE
OQUTCROP TO DE CLOSER TO THE SHORELINE THAN ELSEWHERE.

(3) WATER LEVELS 1IN THE Fox CANYON AQUIFER HAVE REMAINED BELOW SEA
LEVEL ALMOST CONTINUOUSLY siNCE 1948, LANDWARC GRADIENTS
DEMONSTRATE THAT THERE 1S A ?Low OF WATER IN THE Fox CANYON AQUIFER
FROM THE SEAWARD EXTENS|ONS TOWARD THE PUMPING TROUGHS IN PLEASANT
VaLLEY.

(4) THIS WATER MOVES FRoM THE SEAWARD EXTENSIONS OF THE Fox CANYON
AQUIFER UNDER TWO POSSIDLE GEOLOGICAL CONDI!TIONS:

(A) THE aAQuUIFER PINCHES OUT AND THERE ARE NO SUOMARINE OUTCROPS;
THE WATER 1S EXTRACTED AND NO OTHER WATER REPLAGCES 1T, OR

(s) TEE AQUIFER HAS A SUDMARINE OUTCROP AND BEA WATER {5 FREE
TO MOVE INTO THE AQUIFER AND REPLACE THE WATER WHIGCH THE
LANDWARD GRADIENTS SHOW, MUST OFE MOVING OUT OF THE SEAWARD
EXTENSIONS.

UNDER conciITION (A) THERE SHOULD DE A MORE OR LESS CONTINUOUS

WATER Is CEiING "MINED"., UNDER coNDITiON (B) THE INVASION OF HIGHER SPECIFIC
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GRAVITY SEA WATER SHOULD FUNCTION TO MAINTAIN THE WATER LEVELS SOMEWHAT
ABOVE SEA LEVEL. THE ACTUAL RESPONSE IS DEFINITELY THAT ofF (o) (WeLL N/
21W=-10F1, PLATE 25), AS WITNESS THE STRONG TENDENGY TO RESIST PROGRESSIVE
DECLINE, AND TO ATTEMPT TO RETURN TO SEA LEVEL EACH NON=PUMPING SEASON.

THE MOST CRITICAL REACH FOR SEA=WATER INTRUSIGN INCLUDES HUENEME
AND MUGU SUDMARINE CANYONS AND THE AREA IN DETWEEN. THIS REACH, UNFORTUNATELY,
ADJOINS THE MOST HEAVILY PUMPED AREAS IN PLEASANT VALLEY. INTRUDING SEA
WATER WILL ARRIVE AT THE COASTLINE MGST QUIGCKLY WHERE THE SUDMARINE OUTCROPS
ARE CLOSEST TC SHORE AND WHERE THE ROUTE TO THE CENTER OF FUMPING |S THE
SHORTEST. FUMPING FROM THE Fox CANYON AQUIFER IN THE VICINITY OF HUENEME
SUBCMARINE CANYON IS AS YET RATHER SMALL, AND INLAND MOVEMENT OF SEA WATER
HAS PROCADLY NOT STARTED. DISTANCES TC THE CRITICAL WELLS FROM THE PRODADLE
SUBMARINE OUTCROPS OF THE SHALLOWEST PERFORATED ZONES ARE: FOR THE
HotLywooo-pv=THE-SEa weLL (IN/22W=-1941) - 11,500 FEET; FOR THE SiLVERSTRAND
weLr (1N/22W-20E1) - 18,500 reeT.

MUGU SUBMARINE CANYON IS IN ALL PRODADILITY THE MOST CRITICAL
SPOT FOR FOGUSING THE INTRUSION OF SEA WATER INTO THE Fox CANYON AQUIFER,
IF A LOSS OF FRESH=WATER STORAGE OF 200,000 ACRE=FEET IS ASSUMED (WH,CH‘}S
THE ESTIMATED CULULATIVE OVERDRAFT IN PLEASANT VALLEY SINCE THE STRONG
LANDWARD PIEZOMETRIC GRADIENT DEVELOPED) ON THE ORDER OF 6000 acres OF THE
Fox CANYON AQUIFER OFFSHORE HAS ALREADY BECOME FILLED WITH SEA WATER.
DisTanceEs To THE Mucu NavaL Base PRODUCTION WELLS FROM THE PROBADLE
SUBMARINE OUTCROPS OF THE Fox CANYON AQUIFER ARE: WELL #2 (IN/21W=-32G1) -
15,000 FeeT; weELL #3 (IN/21W=-31L1) —‘15,500 FEET. THERE ARE NO ODSERVATION
WELLS INTO THE Fox CANYON AQUIFER SEAWARD OF THESE PRODUCTION WELLS WHICH

COULD GIVE WARNING OF THE ADVANC ING SEA-WATER WEDGE.
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CHAPTER |V
GROUND WATER INVENTORIES

THE OVERALL OBJECTIVE OF THE STUDY OF THE'éROUNo WATER INVENTORY
WAS TO SET UP A FRAMEWORK INTO WHiCH FUTURE DISTRICT STUDIES COULD BE
FITTED. CONSIDERABLE WORK ON GROUND WATER INVENTORIES HAD DEEN DONE DURING
1951-53 vy WiLoe ano Lone (ReF. 68), ano burinNg 1956-57 oy Kawano (ReF. 43).
A DIFFERENT APPROACH WAS USED BY THE CALIFORNIA Division oF WATER RESOURCES
tN THEIR BuLLETIN 12 sTunies (ReF. 23). IT WAS FELT THAT THE PURPOSES OF
THE DISTRICT COULD BE SERVED BETTER OY MODIFYING THE EXTENSIVE WORK ALREADY
ACCOMPLISHED ©OY THE DISTRICT RATHER THAN BY DEVISING A NEW INVENTGRY METHOD.
CONSEQUENTLY, THE EARLIER DISTRICT STUDIES HAVE GEEN VERY HEAVILY RELIED
uPON, THE MODIFICATIONS MADE, TO A LARGE EXTENT, ARE DASED UPON AN IMPROVED
PICTURE OF THE UNDERGROUND GEOLOGY AND HYDROLOGY.

BASE PERIOD

THE DASE PERIOD USED IN OUR STUDY was 1936-57. IN THE WiLDE=
LoNG sTuDIES DURING 1951-53, THE PeERIOD 1922-1951 wAS USED, AND THIS WAS
EXTENDED To 1955 oy Kawano DuRrRING 1956-57, IN BULLETIN 12, THE OCASE PERIOD
was 1936-51, THEe 1936-57 PERIOD HAS SEVERAL ADVANTAGES. IT apPLIES »
UNITED'S INVENTORY APPROACH OVER A DIFFERENT AND MCRE UP=TO—=DATE PERIOD.
THE AVAILADILITY OF DETTER DATA WILL MORE THAN OFFSET THE POSSIDILITY
THAT THE PERIOD IS LESS REPRESENTATIVE OF LONG-TERM CONDITIONS. THE 1936~
51 PERIOD HAS DBEEN ODJECTED TO AS DEING EXCESSIVELY WET. AN EXTENSION OF
THtS To 1957 INCORPORATES ONE WET AND FIVE DRY YEARS AND REMOVES AT LEAST
A PART OF THIS OBJECTION. IN THE Piru, FiLLMORE, SanNnTA PauLa, aND MoNTALVO
BAsiINS, THE INVENTORIES WERE CALCULATED ON A MONTHLY GASIS FOR THE ENTIRE
DASE PERIOD. ALL STUDIES WERE MADE FOR THE RUNOFF YEAR =~ OCTOBER 1
THROUGH SEPTEMSER 30.

PRECIPITATION

FRECIPITATION ON THE FREE GROUND WATER UDASINS WAS DETERMINED OY
AVERAGING MONTHLY RAINFALL AT SEVERAL RAIN GAGES IN OR NEAR EACH BASIN.
THE WILDE-LONG AVERAGE WEIGHTED RAINFALL FIGURES WERE USED FOR THE PERIOD
1936~51. KAWANO USED A REFINED AVERAGING METHOD FOR THE YEARS 1951-55.

KAwANO-'S METHGD -WAS -EXTENDED -TO 1956-57. -
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STREAM FLOWS

STREAM=GAGING RECORDS ARE AVAILABLE AT THE FOLLOWING POINTS:

SaNnTa CLARA RIVER AT BLue Curt (ENTERiNQ‘PlRU Basin)

Piru Creexk NearR Piru (ENTERING P1RU BASIN)

Horper CREEK AT HicHWAY BRiIDGE (ENTERING PIRU Basin)

SesPE CREEK NEAR FiLLMoRe (ENTERING FILLMORE Basin)

SanTa PauLa CREEK NEAR SaNTA PAULA (ENTERING SanNTA PauLa Basin)
THESE RECORDS ARE PUBLISHED IN THE UNITED STATES GEOLOGICAL SURVEY WATER
SupPLY PAPERS. PRIOR TO PUGBLICATION PRELIMINARY REPORTS MAY DBE AVAILADLE
IN THE Los ANGELES OFFICE OF THE UNITED STATES GeoLoecicaL SurvEY. THE
PUBLISHED FIGURES, ALONG WITH CORRELATIONS MADE IN THE WILDE—LONG AND
KAWANG STUDIES, WERE USED IN OUR INVENTORY., FEW MEASUREMENTS ARE AVAILADBLE
FOR FLOOD FLOWS ALONG THE SANTA CLARA RIVER ENTERING FtLimore, SanTa PauLa,
AND MonNTALVO BAsiNs. ESTIMATES OF ENTERING FLOOD FLOWS WERE DER!VED FROM

SURFACE FLOWS IN THE BASIN JUST UPSTREAM, DEPLETED DY STREAM PERGCOLATION.
RISING WATERS

RISiNG WATERS HAVE BEEN MEASURED INTERMITTENTLY AT BLUE CuT
ENTERING PIRU BasiN; AT THE STATE FisH HATCHERY ENTERING FiLLMORE Basing
AT THE FARMER'S DITCH DIVERSION ENTERING SANTA PauLa BAasiN; AND AT THE

BuTLER DITCH DIVERSION ENTERING MONTALVO BasIN. A RATHER GOOD SERIES OF

'MEASUREMENTS IS AVAILABLE FOR THE PERIODIC RISING WATER FLOWS AT THE STATE

FI1sH HATCHERY. FOR MONTHS WHEN NO RISING WATER MEASUREMENTS ARE AVAILABLE,
THE FLOWS WERE ESTIMATED USING LEVELS IN NEARBY WELLS AS A GUIDE.

NUMEROUS LOW FLOW MEASUREMENTS HAVE DEEN MADE NEAR THE LOWER END OF FILLMORE
BASIN, DUT AT VARIOUS POINTS. AT TIMES OF HEAVY RUNOFF, RISING WATER MUST
ODE ESTIMATED, AS THE FLOOD WATERS AND RISING WATERS CAN NOT BE SEPARATED.
EsTimMaTES MADE DURING THE WiLDE-LONG STUDIES, ON THE DBASIS OF LATER
MEASUREMENTS DY THE VENTURA COUNTY WATER RESOURCES DivisioN, WERE REVISED
SY Kawano. KawaNo's FIGURES MAVE OEEN USED IN OUR INVENTORY, ALTHOUGH IT
IS BELIEVED THAT ADDITIONAL MEASUREMENTS [N THE FUTURE MAY INDICATE THAT
THE ESTIMATED MAXIMA ARE TOO HIGH, SURFAGE FLOW MEASUREMENTS TAKEN [N

THE VICINITY OF THE LOWER DOUNDARY OF SaNTaA PauLA BASIN DO NOT ACCURATELY
INDICATE THE VOLUME OF RISING WATER AS IT |S APPARENT THAT EVEN RELATIVELY

LOW FLOWS CONSIST iIN PART OF THROUGH-FLOWING SURFACE WATERS. THE ESTIMATES
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USED IN THE Wirtoe~Lone aAND KAWAND STUDIES ARE CONSIDERED EXCESS!VELY H4i8H,
ENTIRELY NEW RISING WATER FIGURES WERE DEVELOPED UY CARRYING RISING WATER
AS AN INVENTORY RESIDUAL DURING THE 1944-51 PERIGD WHEN THE BASIN DID NOT
FILL AND THERE WAS NO REJECTED RECHARGE., MONTHLYIDISTRIDUTIONS WERE DASED
ON RtStNé WATER. MEASUREMENTS AND ESTIMATES AT THE FILLMORE=SANTA PaULA
BASIN DOUNDARY.

STREAM PERCOLATION

CURVES SHOWING STREAM PERCOLATION VS. FLOWS ENTERING VARIOUS
REACHES OF THE SANTA CLARA RIVER AND TRIGUTARIES WERE FIRST PREPARED FOR
BuLLeTin 46 (Rer. 10). ON THE DASIS OF ADDITIONAL DATA, THESE CURVES
WERE MODIFIED Oy HaroLD CONKLING IN HIS 1949 REPORT To THE VENTURA COUNTY
Boarp oF SurervisorRs ofF FLoob ConTRoL ZoNE 2 (ReF. 26). THESE GCURVES WERE
FURTHER CHECKED AND SLIGHTLY MCDIFIED DURING THE WILDE~LONG STUDIES..
KAWANO IN REVIEWING THESE CURVES FELT THAT DURING THE HIGH FLOWS ESPEClALLY,
THE EXISTING CURVES IND!ICATED EXCESSIVELY HIGH PERCOLATION RATES.
ACCORDINGLY, HE ADJUSTED DOWNWARD ALL THE HIGH-FLOW PERCOLATION RATESa. THE
ADJUSTMENTS IN THESE CURVES MADE BY KAWANO FOR THE FiLumore ano SanTa PauLa
BASINS APPEAR QUITE REASONABLE. BUT IN THE PIRU BAsx&, HOWEVER, MUCH MORE
WATER PERCOLATED DURING 1952 THAN WAS INDICATED BOY KAWANO'S REVISION.
ADDITIONAL DATA WILL PROGASLY CONFIRM THE SUGGESTION THAT THE WILDE-LONG
CURVES ARE MORE NEARLY CORRECT FOR HIGH FLOWS IN THE PiRU BASIN,.

WATER SPREAD

To SUPPLEMENT NATURAL STREAM PERCGLATION, WATER 1S CONDUCTED
FROM STREAM CHANNELS Tb BASINS OR "SPREADING GROUNDS™. SPREADING OPERATIONS
WERE CONDUCTED 5Y THE SANTA CLARA WATER CONSERVATION DISTRICT FOR MANY
YEARS, DIVERTING FROM PIRU CREEK IN THE PIRU BasiN, FROM SanTaA PauLa CREEK
IN THE SANTA PauLa Basin, AND FROM THE SanTa CLARA RIVER TO THE SaTicoOY
SPREADING GROUNDS (N THE MoNTaLvO BasiN. THE SANTA PAULA SPREADING GROUNDS,
AFTER SEVERAL YEARS OF CPERATION, WERE FOUND TO BE OF LITTLE DENEFIT, AND
THEIR USE WAS DISCONTINUED. THE UNITED WaTErR CONSERVATION DiISTRICT TOOK
OVER THE OPERATION OF THE FIRU AND SATICOY SPREADING GROUNDS IN DECEMBER
1952, SINCE THEN, DIVERSION FACILITIES NEAR SATICOY HAVE BDEEN ENLARGED

AND ADDITIONAL SPREADING GROUNDS HAVE J3EEN CONSTRUCTED IN THE MONTALVO

.Basin NEAR.EL R10. . FROM TIME TO .TIME ADDITIONAL . INFILTRATION-HAS BEEN

ACCOMPL ISHED B8Y DIVERTING FLOWS TO VARIOUS PARTS OF THE FLOOD PLAIN,SZ AND
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DY SCARIFYING THE BED OF THE SaANTA CLaRA RIVER. GOOD MEASUREMENTS ARE
AVAILABLE FOR THE WATER WHICH HAS BEEN DIVERTED TO THE PERMANENT SFREADING
GROUNDS.

IMPORTS AND EXPORTS

WATER IS IMPORTED WESTERLY THROUGH BLUE CuT AND USED ON THE
CamuLos, SHARP, AND NEWHALL RANCHES IN THE EASTERN PART OF THE PiRU BASIN,
GOoOD MONTHLY RECORDS ARE AVAILADBLE FOR THESE iMPCORTS. |IN THE LOWER END OF
THE PIRU BasiIN, NEAR THE STATE FisH HATCHERY, THE SITUATIGN IS QUITE COMPLEX.

THE STATE FisH HATCHERY PUMPS FROM WELLS WITHIN THE FIRU BASIN AND THE WATER

1S DISCHARGED To THE SanTa CLara RIVER WITHIN THE FiLLMORE BasiN. SoME oF

THE HATCHERY EFFLUENT 1S USED FOR IRRIGATION WITHIN THE FiLLMORE BASIN BY THE
Sespe Land anD WaTErR ComMPraNY. MEASUREMENTS OF HATCHERY PUMPAGE AND IRRIGATION
DIVERSIONS HAVE GCEEN SPOTTY; THE F{GURES USED IN THE WILDE-LONG REPORT HAVE
BDEEN USED,; AND UPDATED ON THE DASIS OF RECENT RECORDS. WATER IS ALSO PUMPED
IN THIS BOUNDARY AREA DY THE La CieENeca WATER COMPANY AND THE SOUTHSIDE
IMPROVEMENT CoMPANY, THESE WATERS ARE DELIVERED TO LANDS IN BOTH THE PIRU
ANOD FILLMORE BASINS, AND NO RECORDS ARE AYAILABLE TO DETERMINE THE DIVISION
OF THESE WATERS. |N OUR INVENTORY, THE PUMPING BY La CiENEGA WATER COMPANY
AND THE SOUTHSIDE IMPROVEMENT COMRANY WAS CGONSIDERED AN EXFORT FROM PIRU
BASIN, ALTHOUGH A PORTION OF TH!S PUMPAGE IS NOT EXFPORTED TO THE UPPER
PART OF THE FiLLMORE BaASiN.

LIKE THE LOWER END OF THE ©IRU BasIN, THE LOWER END OF THE FiLLMORE
BASIN 1S AN AREA OF HEAVY EXTRACTION AND DIVERSION, FARMER'S |RRIGATION
COMPANY FORMERLY DIVERTED RISING WATER, AND NOW PUMPS FROM WELLS IN THIS
AREA, AND CONVEYS THE WATER INTO THE SaNTA PauLa Basin. Go0OD RECGRDS ARE
AVAILAOLE FOR THE FARMER'S DIVERSIONS AND PUMPAGE. NO RECORDS WERE FOUND
FOR DIVERSIONS ON THE SOUTH SIDE GF THE RIVER THROUGH THE TURNER DiTCH;
ESTIMATES OF DIVERSIONS WERE BASED ON A CROP SURVEY AND UNIT CONSUMPTIVE
USE VALUES APPLIED TO THE DETERMINED ACREAGES. CONSIDERED AS AN IMPORT
WERE THE MEASURED DIVERSIONS BY THE SANTA PauLa WATER WORKS AT THE GAGING
STATION ON SANTA PauLa CREEK.

Near SATicoy, THE ALTA MuTuaL WATER COMPANY PUMPS FROM WELLS
WITHIN THE MONTALVO BASIN AND PART OF TH{S WATER IS USED WITHIN THE SANTA
PAULA BASIN; THE REMATNDER 1S DELIVERED TO THE MoUND BASIN. WATER PUMPED

sy THE DeL Mar DivisionN iIN THE SanTa PauLa BaSiIN IS TRANSPORTED WESTERLY

R



| INTO THE MounD Bastin

SANTA CLARA RIVER UNDERFLOW

[ [N GOTH THE WILDE-LoNG AND KawaNO sruonss THE UNDERFLOW OUT OF THE
PiRu, FrLLman, AND SANTA PauLa Basins was OETERM!NED AS A RESJDUAL IN THE
B INVENTORY, FOR EACH OF THESE DBOUNDARY AREAS WE HAVE MADE INDEPENDENT
ESTIMATES OF UNDERFLOW USING THE SLOPE=AREA METHOD, WHICH EMPLOYS THE
EQUATION:
Q=F 1A

WHERE g IS THE UNDERFLOW, E IS AN ESTIMATED PERMEAQ!ILITY CASED UFON A STUDY

OF WELL LOGS, | IS THE WATER-TACLE SLOPE UPSTREAM FROM THE UNDERFLOW SECTION,

AND A 1S THE EFFECTIVE CROSS~SECTIONAL AREA OF THE ALLUV|UM AND THE SaN

f{ PEDRO FORMATION. NEAR THE STATE FisH HATCHERY, WHERE UNDERFLOW S
INTERMITTENT, UNDERFLOW RATES DECREASE AS THE SATURATED CROSS-SECTIONAL

i? AREA DECREASES. MAXIMUM UNDERFLOW WAS FIRST ESTIMATED BY THE KIMBLE METHOD

‘ (RerF. 45). BECAUSE THE AVAILADLE DATA ARE NOT WELL=SUITED TO THIS METHOD,

THE RESULTS WERE NOT VERY CONCLUSIVE. THE GURVE GIVEN ON PLATE 27 was
CONSTRUCTED BY MEANS OF THE SLOPE=~AREA METHOD.

- BECAUSE RISING WATER HAS NEVER FAJLED AND THE SATURATED CROSS=—
SECTION AND WATER~TABLE SLOPES REMAIN NEARLY CONSTANT, THE UNDERFLOWS FROM
THE FILLMORE AND SANTA PauLA BASINS ARE CONSIDERED TO BE CONSTANT. UNDER-

: f FLOW ESTIMATES WERE MADE BY THE SLOPE—AREA METHOD.

SIDE UNDERFLOW

f IN THE WiLDE-LONG INVENTORIES, IN WHICH UNDERFLOW OUT WAS CARRIED

AS A RESIDUAL, EXITING WDERFLOWS FROM SaANTa PauLa BasiN WERE LARGELY NEGATIVE.
. IN AN ATTEMPT TO IMPROVE THE DALANCE, KAWANO SUGGESTED SIDE UNDERFLOW
WITHIN THE SaN PEDRO FORMATION IN BOTH THE SanNTa PauLa anND FiLLMORE Basins.
WE DO NOT GELIEVE THIS CONCEPT OF SIDE UNDERFLOW CAN DBE SUPPORTED GEOLOGI~
CALLY FOR THE FOLLOWING REASONS:

; (1) THE ouTcroPs OF THE SAN PEDRO FORMATION ARE OF LOW PERMEABILITY
b AND WILL NOT PERMIT ANY APPRECIADLE CONTRIDUTION FROM RAINFALL
- PENETRATION, OR PERGCOLATION OF THE INFREQUENT RUNOFF;

| (2) THE SAN PEDRO LAYERS EXPOSED IN THE OUTCROPS ARE NEAR THE BASE OF
THE FORMAT!ON, |F WATER ENTERED THESE LAYERS IT WOULD TRAVEL

DOWNWARD TO DEPTHS MUCH GREATER THAN ANY WATER WELL.S

WE HAVE NOPT {NCLUDED AM ITEM OF SIDE UNDERFLOW (N OUR INVENTORIES.
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CULTURE SURVEYS

SURVEYS OF IRRIGATED LANDS WITHIN THE DiSTRICT WERE MADE AS EARLY
As 1912 oy THE UNITED STaTES DEPARTMENT OF AGRICULTURE. OTHER SURVEYS
OF IRRIGATED ACREAGE, Edh"THE'§§Aés‘ﬂ9éd:fﬁ§25;wXNB"ﬁ9BO;"WE§é-Qgéé IN
1930 oy THE SaNTa CLARA WATER CONSERVATION DISTRICT IN COOPERATION WITH THE
VENTURA COUNTY AGRICULTURAL COMMISS|ONER. THE FIRST DETAILED CULTURAL
SURVEY OF VENTURA COUNTY WAS MADE OY THE CALIFORNIA DivisioNn oF WaTER
RESOURCES IN 1932 pDuRriING THE,BULLETIN L6 stubies. THE NeEXT CULTURAL SURVEY,
COVERING THE LANDS OF THE SANTA CLARA WATER CONSERVATION DistricT, was maDE
8y HaroLp CoNKLING IN 1947, ANOTHER CULTURAL SURVEY, IN 1949-50 anp
COVERING THE ENTIRE COUNTY, WAS A PART OF THE BULLETIN 12 STUDIES OF THE
CaLiFornta DIVISION OF WATER RESOURCES. ADDITIONAL INFORMATION WAS OBTAINED
by KawanNo For 1955, THOUGH NOT ORIGINALLY INTENRED AS A PART OF OUR
INVENTORY STUDIES, OUR MODIFICATION OF BCUNDARIES IN THE UPSTREAM GASINS
NECESSITATED AN UP=TO-DATE CULTURAL PATTERN. ACCORDINGLY, A DETAILED FIELD
CHECK OF LAND USE WAS MADE IN LATE 1958 anp EARLY 1959 FoR Piru, FiLLMORE,

SANTA PauLa, AND MoNTALVO BASINS. THE RESULTS OF THESE SURVEYS ARE GIVEN

IN TasrLe V-1.
CONSUMPTIVE USE

THE PUMPING DEMAND WITHIN A BASIN WAS DETERMINED OY APPLYING UNIT
CONSUMPTIVE USE VALUES TO ACREAGES DEVOTED TO THE VARIOUS CROPS OR OTHER
USES. WATER APPLIED IN EXCESS OF CONSUMPTIVE USE REQUIREMENTS IN THE FREE
GROUND WATER DASINS WAS ASSUMED TO RETURN TO GROUND WATER STORAGE, OR
ACTUALLY, ASSUMED NEVER TO HAVE LEFT GROUND WATER STORAGE. CONSUMPT]VE USE
OY PHREATGFHYTES IS CONSIDERED PART OF THE PUMPING DEMAND. THE UNIT
CONSUMPTIVE USE VALUES ARE LARGELY THOSE USED IN THE BULLETIN 12 STUDIES, AS
MODIFIED IN THE WiLDE-LONG aAND KAWANO STUDIES. THESE VALUES WERE DEVELOPED
8Y THE BLANEY-CrRIDOLE METHOD (ReEF. 3}, THiIS METHOD IS DESIGNED TO ALLOW
COMPUTATION OF CONSUMPTIVE USE FROM CLIMATOLOGICAL DATA. |F ONLY MONTHLY
TEMPERATURE RECORDS ARE AVAILADLE AND LATITUDE IS KNOWN, THE CONSUMPTIVE

USE CAN DE COMPUTED FROM THE FORMULA:
U=KF

WHERE U = CONSUMPTIVE USE OF WATER IN INCHES FGR ANY PERIOD, E = EMPIRICAL

- - N, U E, - P - . - . N . = -
CONSUMPT!VE/SCOEFF!CIENT, AND F = sum orf MONTHLY CONSUMPTI!IVE USE FACTORS FOR
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TABLE V-1

PHREATOPHYTE REQUIREMENTS

1958-59 ACREAGES USED IN CALCULATING IRRIGATION AND

cror o8 use
URBAN 147 1,632 1,732 1,050
ALFALFA 20 143 190 80
CITRUS & AVOCADOS 3,990 9,487 7,815 1,500
WALNUTS 72 178 742 100
DEC1DUOUS 20 20 25 10
TRUCK 60 354 345 360
PASTURE 30 207 183 -
BEANS -- 359 739 1,110
PHREATOPHYTES 550 1,347 L85 310
TOTALS 4,889 13,727 12,256 4,520



————y

"THE PERIOD (SUM OF THE PRODUCTS OF MEAN MONTHLY TEMPERATURE AND MONTHLY

PER CENT OF ANNUAL DAYTIME HOURS). THE K CdEFF!CIENTS HAVE DEEN

DETERMINED FROM SOIL MOISTURE STUDIES FOR MANY CROPS AND IN MANY AREAS.

ANNUAL VALUES USED ARE GIVEN IN TAGLE IV-25 MONTHLY VALUES FOR THE FREE

GROUND WATER BASINS MAY BE FOUND IN TaGLES 44-47 oF The WiLpe~-LoNG REPORT.
IN THE PRESSURE AREAS =- Mounp, OxNaRD PLAIN, AND FLEASANT

VALLEY -- WATER PUMPED INCLUDES THE REQUIREMENTS FOR CONSUMPTIVE USE

INCREASED TO ADJUST FOR IRRIGATION EFFICIENCY. THE WATER DELIVERED MAY

BE DETERMINED BY FLOW~METER RECORDS, CR STUDIES OF POWER CONSUMED IN

PUMP I NG WATER FRGM WELLS.

RAINFALL PENETRATION

" SOME OF THE RAIN WHICH FALLS ON THE DASINS UNDERLAIN OY FREE
GRCUND WATER 1S ADLE TO PASS THROUGH THE SOLL AND REACH THE WATER TADLE,
THIS CAN HAPPEN ONLY WHEN THE SOIL HAS CEEN RESTORED TO FIELD CAFACITY
ANC RAIN WATER 1S SUPPLIED IN EXCESS GF THE CONSUMFTIVE USE REQUIREMENTS
OF THE CROP OR PLANT TYPE GROWING IN THE SOiL. THE AMOUNT OF WATER
REQUIRED TO RESTORE THE SOIL TG FIELD CAPACITY IS GALLED TRE "INITIAL FALL
SCIL MOISTURE DEFICIENCY". THIS IS ASSUMED TO EXIST EAGCH YEAR ON OCTOBER
T, AT THE START OF THE RUNOFF YEAR. THE RAIN FALLING EACH MONTH IS
ASSUMED TO GO FIRST TO CONSUMPTIVE USE, THEN TO SOIL MO I STURE. IF IN aNY
MONTH, MORE RAIN IS AVAILADLE THAN IS NEEDED FOR CONSUMPTIVE USE ANC TO
RESTORE THE SOIL TO FIELD CAPACITY, THE EXCESS IS GONSIDERED TO oE
RAINFALL PENETRATION. UNIT MONTHLY RAINFALL PENETRATION VALUES MULTIFLIED
DY APPROPRIATE ACREAGES PRODUCES THE TOTAL MONTHLY VOLUME OF SUCH RECHARGE.
DETAILED STUDIES WERE MADE oY WiLDE-LONG, AND SLIGHTLY MOGIFIED oY
Kawano. Usineg Kawano's MODIFICATION, WE HAVE RECALCULATED UNIT RAINFALL
PENETRATION VOLUMES FOR THE ENTIRE 1936-57 0asE PERIOD. SINCE OuR
STUDIES INVOLVEG CONSIDERAUDLE REFINEMENT OF THE RAINFALL PENETRATION AREAS,
THE REVISED UNIT VALUES WERE APPLIED TO DIFFERENT ACREAGES ADJUSTED TO
THE 1958-59 Fi1eLp cHeck (TaoLe IV=3),
GROUND WATER STORAGE DEPLETION

THE WATER TABLE IN A GROUND WATER GASIN IS THE NATURAL

INTEGRATOR OF ALL ITEMS OF GROUND WATER INFLOW AND OUTFLOW. lF A GROUND

WATER BASIN CAN GE STUDIED OVER A REPRESENTATIVE RAINFALL PERIOD IN WHICH
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TABLE V-2 UNIT ANNUAL CONSUMPTIVE USE VALUES USED (INCHES)

oRoP oR surrace DI FLUMRE S el boyTaLig
URBAN 8.42 8.42 8.42 8.42
ALFALFA L, 46 L2 .37 L2.37 43,18
CITRUS & AVOCADOS 30.79 30.68 30.68 30.08
WALNUTS 34.39 33.80 33.80 33.30
DECIDUOUS 31.42 31.42 31.42 30,41
TRUCK 27.87 27.26 27.26 26.83
BEANS ——— 18.00 18.00 18.00
PASTURE 41.51 40.93 40.93 40.23
PHREATOPHYTES 62.40 60.88 60.88 60.75



TABLE 1v¥=3 1958-59 ACREAGES USED IN CALCULATING RAINFALL PENETRATION

19,830

oRoP oR sureice PR FILLIORE SMTA pauLe movTALYO
URBAN 147 1,632 1,732 1,050
ALFALFA '20 143 190 80
CITRUS 3,990 9,487 6,760 1,500
WALNUTS 72 178 740 100
-DECIDUOUS 20 20 25 10
TRUCK 60 354 345 360
IRRIGATED PASTURE 30 207 183 -
BEANS -- 359 739 1,110
PHREATOPHYTES 550 1,347 485 310
RIVER WASH 1,390 2,060 920 850
WATER SURFACE - 90 - -
NATIVE AND NON-
IRRIGATED 2,007 3,953 2,686 1,030
TOTAL 8,286 14,805 6,400



THE DASIN IS FULL AT THE OEGINNING AND END, NO CONSIDERATION NEED OE
GIVEN TO NET CHANGE OF STORAGE. UNFORTUNATELY, NO SUCH PERIOD IS AS YET
AVAILABLE FOR WHICH RECORDS ARE SUFFICIENTLY RELIADLE, |T IS NECESSARY,
THEN, TO DETERMINE THE VOLUME OF WATER WHICH IS REMOVED WHEN THE WATER
TAGLE DROPS FROM ONE FOSITION TO A LOWER POSITION, OR HOW MUCH WATER MUST
DE ADDED TO CAUSE A CHANGE FROM A LOWER LEVEL TO A HIGHER LEVEL. ONLY
A PORTION OF THE INDICATED VCLUME CHANGE IS GCCUPIED BY WATER, AND NOT
ALL OF THIS CAN DE REMOVEDR OY PUMPING. THE FART OF THE WATER MELD TENAC|OUSLY
OY FORCES OF ADHESION AND COHESION IS CALLED SPECIFIC RETENTION; THE PART
WHICH DRAINS FREELY IS CALLED SPECIFIC YIELD. BOTH SPECIFIC YIELD AND
SPECIFIC RETENTION ARE EXPRESSED AS PERCENTAGES OF 'THE ENTIRE SATURATED
VOLUME AND THEIR SUM IS THE PCROSITY, ALSO EXPRESSED AS A PERCENTAGE.
DETERMINATICN GF CHANGES IN GROUND WATER STORAGE INVOLVES PRIMARILY THE
APPLICATION OF APPROPRIATE SFECIFIC YIELD VALUES TO THE VOLUME DEWATERED
OR FILLED. FOR THIS PURPOSE, UNIT SPECIFIC YIELD VALUES WERE USED FOR
MATERIALS COMMONLY ENCOUNTERED [N DRILLING (TADLE.[|~1)0 WITHIN EACH FREE
GROUND WATER DASIN, GEOLOGICALLY HOMOGENEOUS CELLS” WERE DLOCKED OUT,
EACH INCLUDING A GROUP OF WELLS. WEIGHTED AVE:XAGE SPECIFIC YIELD VALUES
WITHIN EAGCH OF THESE CELLS WERE ASSIGNED TO EACH 25-F00T VERTICAL {NTERVAL
BELOW THE MAXIMUM WATER SURFACE, ASSUMED TC HAVE OCCURRED IN THE SPRING
oF 1944, STorAGE DEPLETION curRVES (PLATE 8) WERE THEN CONSTRUGTED v
RELATING HISTORIC WATER-LEVEL MEASUREMENTS OF A SINGLE WELL WITHIN EACH
BASIN TO THE UNWATERED STORAGE CAPACITY DERIVED FROM THE SPECIFIC YIELD
STUDY.

EVERY HYDROLOGIC INVENTORY PRODUCES SOME DEGREE OF IMBALANCE,
OR UNACCOUNTED=-FOR WATER. THE BALANCING PROCEDURES USED HEREIN INVOLVED
COMPARING A CHANGE-OF~STORAGE VALUE DETERMINED FROM THE INVENTORY WITH
THE CHANGE-GF~STORAGE VALUE DETERMINED FROM PLATE 8. IN GENERAL, ALL OF
THE INVENTORY ITEMS WERE INDEPENDENTLY DETERMINED, RATHER THAN ONE GBEING
LEFT AS A RESIDUAL. THE TWO AVAILAGLE STORAGE CURVES WERE PLOTTED FOR
A SERIES OF CHECK POINTS TO DETERMINE NOT ONLY THE MAGN{TUDE, BUT THE
TRENDS OF THE DISCREPANCIES. EXCELLENT CHECKS CAN USUALLY BE OOTAINED AS

WATER LEVELS GROP OVER A PERIOD OF ORY YEARS. POOR CORRELATIONS ARE

OBTAINED- IN A-HEAVY RAINFALL YEAR FOLLCWING A SERIES OF ORY YEars (1952,

1958). THIS 1S EXPLAINED OY THE PRESENCE OF MUCH WATER "IN TRANSIT WHIGH
MAY REQUIRE MORE THAN A YEAR TO DE INCORPORATED INTO THE MAIN DODY OF
GROUND WATER, AND DECOME STADLE.
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ANNUAL SUMMARIES

DETAILED MONTHLY GROUND WATER INVENTORIES WERE MADE FOR THE
Pirru, FiLLMore, SanTa PauLa, . aAND MoONTALVO BASiNS. ANNUAL SUMMARIES OF
THESE INVENTOR!IES ARE SHOWN ON PLATES 28~31. CHANGE OF STORAGE |S
COMPUTED FOR THE RUNOFF YEAR (0QcTobeErR 1-SEPTEMBER 30), AND AVAILABLE
STORAGE FIGURES ARE THOSE FOR THE END OF THE RUNOFF YEAR. .

SAFE YIELD AND OVERDRAFT

SAFE YIELD OF A GROUND WATER BASIN MAY DE DEFINED AS THE MAXI[=
MUM PERENNIAL RATE OF EXTRACTION WHICH WILL NOT PRODUCE CERTAIN UN=—
DESIRABLE CONDITIONS, THESE CONDITIONS MI!GHT BE:
(1) LOWERING THE WATER LEVELS SO FAR AS TO MAKE PUMPING UN=
ECONOM}CAL;
(2) cAUSING A SERIOUS DETERIORATION OF WATER QUALITY;
(3) INTERFERING UNREASONAGLY WITH EXISTING WATER R|IGHTS.
UPSTREAM BASINS
‘ To DATE THE PERENNIAL EXTRACTIONS OF WATER IN THE PiRrRU,
FiLLMQRE, AND SANTA PauLa BASINS HAVE NOT EXCEEDED SAFE YIELD. THESE
BASINS ARE VIEWED IN THE LIGHT OF HISTORIC YIELD DURING THE BASE PERIOD
1936=57. THE HISTORIC YIELD OF THESE UPSTREAM BASINS IS CONSIDERED
EQUAL To:
(1) THE AMOUNT OF WATER SUPPLIED TO SATISFY CONSUMPTIVE USK
REQUIREMENTS FOR URDAN AND I[RRIGATION PURPOSES, AND THE
DRAFT ON GROUND WATER BY PHREATOPHYTES;]
(2) PLUS THE TOTAL PUMPAGE EXPORTED OR SURFAGCE DIVERSI|ONS
DELIVERED TO THE NEXT DASIN DOWNSTREAM;
(3) MINUS THE TOTAL IMPORTED WATER.

THE HISTORIC YIELDS OVER THE 1936-57 BASE PERIOD WERE AS

FOLLOWS
Piru Basin 12,600 ACRE-FEET PER YEAR

FiLLmoReE BasinN 23,100 ar/vYr

SaNTa PauLa Basin 18,500 aF/vr

ToTAL 54,200 aF/vRr

THE SOLE LIMITATION ON HISTORIC YIELDS HAS BEEN THE AMOUNT

OF WATER REQUIRED FOR CONSUMPTI!VE USES IN THESE THREE QASINSHANP IN

V-9



IEAR

1936-37
38

1956-57
AVERAGE

(3) (W (5)
UNDERFLOW  TOTAL INFLQW  UNDERFLOW
I ~ TO BASIN N
2o, 95,860 240
2lo 198,000 240
240 69,150 2.0
240 28,760 240
240 318,670 240
240 84,680 240
240 194,870 2ko
2ko 219,360 240
240 59,300 240
240 52,820 240
240 54,360 240
2o 20,570 240
240 16,670 240
240 15,900 2o
2L0 10,620 240
240 101,250 240
240 20,780 2k
240 21,560 240
240 17,000 240
240 16,220 240
240 21,620 240
240 78 ,000 2uo

(6) n

RAINFALL STREAM
PENBTRATICN  PERCOLATION

10,290 47,580
7,470 58,Ek0
1,870 [N )
2,240 18,580
15,110 68,270
750 146,690
11,260 55,810
g,34% 1,850
2,250 36,400
1,810 27,460
1,970 26,780
300 15,240
2uo 11,640
870 9,850
190 6,400
11,54 47,670
1,110 12,660
2,550 12,050
1,420 10,110
2,160 8,890
1,710 11,620
4,070 30,410

PIRU BASIN

ANNUAL SUMMARY OF GROUSD WATER INVENTORY (Acre-Feet)

(&)

SFREAD

8,190
6,660
6,770
5,110
5,680

0

3,220
0

g,920
7,070
10,040
1,320
1,840
3,780
0

11,800
6,380
7:9§g
Q,S
5,140

1,690

5,140

(9

TOTAL TO
GROUND WATER
BASIN

66,300
72,810
53,1440
26,170
89,300
47,680
70,530
70,430
47,810
36,580
39,030
17,100
13,960
14,740

6,830
71,250
20,890
22,760
17,610
16,430
15,260

39,860

(10)

NET
CONS. USE
EEQUIREMENT

6,820
8,150
8,400
8,900
6,680
8,730
8,540
8,340
7,750
8,480
9,570
10,250
10,360
9,720
10,730
7,580
10,140
9,600
7,860
8,880
8,310

€,750

(11%
NE
EXTRACTION FROM

GROUND WATER
BASIN

6,100
7,680
7,610
7,160
4,520
6,060
5,860
5,880
5,110
5,480
6,640
6,700
6,700
5,510
6,810
3,740
5,620
4,860
2,960
3,410
1,530

5,520

(12)

UNDERFLOW
ouT

17,900
18,410
18,620
18,700
18,770
18,800
18,700
18,570
18,720
18,700
18,730
18,320
16,150
15,070
13,150
15,650
18,080
17,340
15,750
14,550
12,570

17,200

(13)

RISING
WATER

13,450
23,620
25,400
13,630
25,510
37,800
31,300
37,470
31,860
22,780
16,630
6,160
0

0

0
2,910
3,990
0

0

0

0

14,170

(14)

EXPORT

2,3k
2,380
2,69
2,650
2,200
2,790
2,970
2,850
2,820
3,090
3,180
2,980
i,lso

,450
4,620
4,380
6,370
6,300
6,450
3,780
5,670

3,860

(15

TOTAL FRCM
GROUND WATER
BASIN

39,790
b
42,1k0
55,000
65,450
" 5&,830
6U4,770
58,510
50,050
45,180
34,160
29,030
25,030
2k,580
26,720
34,060
28,500
25,160
21,740
19,770

k0,750

(16)

FLCOD
OUTFLOW

48 ,0b40
139,320
24,350

9,0l0
2ug,760

35,910

137,020

155,590
20,810

23,070
25,080
2,250
1,610
1,970
300
50,040
ﬁ,sso
»850
2,080
2,370
3,920

44,770

an

TOTAL
OUTFLOW

87,830
192,410
78,670
51,180
303,760
101,360
195,850
220,360
79,320
73,120
70,260
36,410
30,640
27,000
24,880
76,760
37,920
33,350
27,240
24,110
23,690

85,520

(18)

CHANGE
OF
STORAGE

+26,510
+19,720
- 880
-15,970
+34,300
-17,710
+11,700
+ 5,660

10,700

~13,470
-6 H 150
"17’060
-15,070
-10,290

~-17,750 -

+41,530
-13,170
- 5a7m
- 7,550
- 5,310
- 4,510

PLATE 28
(19)

AVATLABIE
STORAGE
76,000
49,490
29,770
32,650
,620
12,320
30,090
18,390
12,730
23,430
36,900
43,050
60,110
75,180
85,470
103,220
. 58,690
71,860
s
2
90,460
94,970



(1)

FLOOD
INFLOW

227,330
397,490
66

127,880

(@)

(3)

RISING
WATER

(W)

UNIERFLOW
IR

17,900
18,410
18,620
18,700
18,770
18,800

18,700

18,570
18,720

18,700

18,730
18,320
16,150
15,070
13,150
15,690
18,080

17,3%

15,750
14,550
12,570

17,200

(5)

TOTAL INFLOW
TO BASIN

266,360
449,530
119,770
77,940
701,880
139,900
381,540
367,430
131,380
135,690
112,460
38,160
33,690
10,170
21,830
234,680
6
63,210
42,640
53,160
L7,85%0

167,420

(6)

UNDERFLOW
IN

17,900
18,1410
18,620
18,700
18,770
18,800
18,700
18,570
18,720
18,700
18,730
18,320
16,150

12,570

17,200

m

(8)
RAINFALL STHEAM
PENETRATICN  PERCOLATION
21,360 49,130
2k,550 . 27,500
4,850 39,950
4,770 26,280
37,880 23,660
3,130 39,180
25,990 23,110
17,070 36,180
5,700 38,210
3,530 41,170
5,360 34,700
780 11,510
610 6,130
3,300 10,200
470 1,790
30,550 39,120
2,100 16,630
6,260 15,300
3,140 11,150
5,610 14,120
2,070 13,330
10,010 24,680

FILIMOHE BASIN

(9)

TOTAL T0
GROUND WATER

BASIN

88,890
70,460

63,420

49,750,

80,310
61,710
67,800
71,820

. 62,630

63,400
56,790

30,610

22,890

28,570:

15,410

85,360
36,810
38,900
30,040

34,280

27,970
51,890;

(10)

NET
CONS. USE
REQUIREMENT

20,620
23,470
24,530
26,440
20,890
25,070
24,590
24,460
25,730
26,490 -
28,610
29,140
28,060
2,950
28,350
20,590
26,580
24,680
23,390
24,720
26,600

25,140

ANNUAL SUMMARY OF GROUND ¥ATER INVENTORY (Acre-Feet)

(11)
NET

EXTRACTION FROM
GROUND WATER

BASIN

14,530
15,390
16,350
19,330
15,210
17,580
16,850
16,290
18,550
19,750
21,450
22,890
20,540
18,690
22,120
12,790
16,640
15,290
16,190
19,060
20,150

17,890

(12)

UNDERFLOW

outT

5,400
5,400
5,400
5,400

'5)“00

5,400
5,400
5,400
5,400
5,400

(13)

RISING
WATER

38,400
39,700
42,500
35,100
45,200
4h 400
Lg ,200
42,900
43,500
36,200
22,000
16,150
12,800
6,030
23,630
25,950
15,200
8,200

9,600
8,850

29,040

(1)

EXPORT

350
150
220

350.

(15)

TOTAL FROM
GROUND WATER
BASIN

58,680
60,640
64,470
60,180
65,890
68,380
66,650
69,890
66,850
68,650
63,050
50,510
43,060
38,150
34,830
42,390
4g ,760

- 37,310

33,900
37,810

39,560
53,310

(16)

FLOOD
OUTFLOW

191,650
394,610
/2,220
25,720
653,370
74,120
331,720
303,370
66,660

67,750
51,200
1,760
2,380
7,480
4o

170,980
10,160
21,070

6,570
18,000
13,830

117,370

Qa7

TOTAL
OUTFLOW

250,330
455,250
116,690

- 85,900

719,260
142,500
398,370
373,260
133,510
136,400
114,290
52,270
45,440
ME,SSO
34,870
213,370
. 58,920
58,380
7o
55,810
53,390

170,680

(18)

CHANGE
IN
STORAGE

+30,210
+ 9,820
- 1,050
-10,430
+14,420
-.6,670
+ 1,150
+ 1,930
- 4,220
~ 5,250
- 4,260
'19;900
-20,170
- 9,580
-19,320
+i2,970
-11,9%0
+ 1,580
- 3,860

- 3,530
-11,530

PLATE 29
(19)

AVATLABLE
sﬁgnnsl
3
H

18,133
8,320
9,370
19,800
5,380
12,050
10,900
131390
12450
22,700
42,600
62,770
12,350
91,770
18,800
60,750
59,160
63,020
66,550
78,140



(1)

FLOOD
INFLOW

232,480
458,750
60,240
30,320
732,110
80,040
387 ,0L0
331,020
17,900
79,860
59,490
2,40
3,710
11,190
390
209,490
13,840
26,800
9,290
2k,190
17,920

135,610

(2)

IMPORTS

5,020
5,710
4,920
4,220
5 980

,3uo
6,110
S,HBO
5,240

(3)

RISING WATER
IESS
DIVERSIONS

38,080
38,910
41,980
34,620
3,530
43,960
U2,960
47,710
42,h90
41,190
31,730
19,190
13,120

9,740

4,310
20.890
25,520
14,780

7,360

9,200

8,370

27,600

(W)

UNDERFLOW

IN

5,400
5,400
5,400
5,U00

5555!

SANTA PiULA BASIN
AJNLAL SUMMARY OF GROUND RATER INVENTORY (Acre-Feet)

(5) (6) (7 (8) (9) (10) (11) (12) (%%% (14)
i TCTAL TO KET EXTRACTION FROM
TOTAL INFLOW  UNDERFLOW ERAINFALL STRZAM GROUND WATER  COKS. USE IN-BASIN GROUND WATER UNDERFLOW

TO BASIN IN PENETBATION  PERCOLATION BASIN " RBYUIKSMENT  DIVERSIONS  EXPORT BASIN ouT
280,980 5,400 10,920 13,610 29,930 15,150 150 820 12,260 1,800
508,770 5,400 15,060 11,900 32,360 13,340 200 570 13,410 1,800
112,540 5,400 1,940 a2l,L4ho 31,780 19,070 220. 450 14,880 1,800
74,560 5,400 1,580 19,830 26,860 20,590 280 490 17,030 1,800
787,020 5,400 - 25,540 9,970 40,960 15,490 190 350 9,810 1,800
135,740 5,400 1,170 20,970 27,540 15,410 280 310 14,020 1,800
4l1,510 5,400 15,510 12,090 33,000 1% ,4G0 280 u30 12,790 1,800
389,560 5,400 %,260 20,520 34,280 14,310 290 u10 - 13,670 - 1,800
131,030 5,uoo 1,350 23,750 31,040 20,150 390 uco 15,270 1,800
132,650 5,400 500 22,530 24,430 20,580 3490 200 14,430 1,800
105,120 5,400 2,250 19,240 26,840 21,410 390 710 13,700 1,800
33,630 ,400 , 80 12,750 . 18,230 28,970 Lgo 880 17,200 1,800
29,230 5,Moo 50 10,750 16,200 18,660 490 870 14,430 1,800
33,530 5,400 1,150 10,710 17,260 17,060 Lo 560 11,280 1,800
15,740 5,400 ) 4,210 9,650 22,030 550 710 14,710 1,800
242,810 5,400 15 , 790 19,970 uh,150 - 15,420 370 5oo S Esso 1,800
50,010 5,400 ,5&0 17,060 24,000 20,210 540 £gn 15,58 1,800
51,770 5,400 - 3,930 15,650 24,980 19,050 566 570 1k, Lho 1,800
29,890 5,400 1,370 10,330 17,100 13,740 6L0 650 12,330 1,800
45,810 5,400 3,800 12,490 21,650 18,180 610 560 .11,3k40 1,800
40,260 5,400 2,830 10,970 19,200 19,840 710 . 7o’ 11,600 1,800
174,860 5,400 5,630 15,420 26,1450 19,3k0 Loo 530 13,580 1,800

(15)

RISING
TATER

12,850
17,200
16,580
15,480
16,560
16,960
17,200
17,340
15,350
13,510

- 11,050

4,000
13,30
2,930

2,040
11, 1800
13, 650
12,380

u,710

4,430

8,780

11,340

(16)

TOTAL FROM
GROUND TATER
 BASIN

. 26,910
32,410
33,260
34,310
285170
3e,780

' 31,790
32,810
32,430
29,940
26,550
23,000
19,570
16 ,010
20,550
22,480
31,030
28,620
13,840
17,570
22,130

26,720

(17)

F1LOOD
OUTFLOW

256,800
485,560
77,560
hh,Tso

765480

102,750

117,630

357,820
95,240
97,330
71,590

g,L00
5,650
9,780

o]

210,040
21,760
25,370

5,680
20,290
14,610

147,390

(18)

TOTAL
OUTFLOW

283,710

-517,970

110,820
79,090
793,650
135,530
4Lg,k420
390,630
128,670
127,270
98,140
31,400
25,220
25,790
20,550
232,520
52,790
53,990
2k,520
37,860
36,790

174,110

(19)

CHANGE
N
STORAGE

+ 3,020
- 50
-~ 1,480
- 7)“‘50
+12,790
5,240
1,210

1,390
1,510
,BHO

b+ 010 10+ 4+

"+ 1)
=
-
n
N
fe]

1,470

PLATE 30
(20)

AVAILABIE

STORAGE
11,250
8,230
8,280
9,760
17,210
4,420
9,660
8,450
6,980
8,370
9,880 .
9,540
14,310
17,680
16,430

27,330 ..

5,650
12,680
16,320
18,060
13,840

16,820



(1)

FLOOD
INFLOW

253,860
483,030
71,870
42,850
764,810
102,750
417,630
357,820
95,180
95,970

212,880

16,450
26,030

(2) (3) (&) , (5) (6) (n (8) (9) (10) (11) (ﬁé% (13) © (1)
‘ TOTAL TO NET EXTRACTION FROM
RISING TUNDERFLOW TOTAL INFIOW UNDERFLOW  RAINFALL STREAM SPREADING ~ GROUND WATER  CONS. USE  IRRIGATION  GROUND WATER -  UNIERFLOW ‘
WATER L IX TO BASIN IN _ PENETRATION FPERCOLATION  GROUNDS BASIN REQUIREMENT DIVERSION BASIN : ouT . EXPORT
14,480 1,800 270,140 1,800 4,340 38,230 20,140 64,510 | 6,170 1,060 5,140 24,750 1,320
16,820 1,300 501,650 1,800 . 4,520 39,310 13,650 59,280 | 7,040 1,060 6,020 36,500 1,330
17,230 1,800 © 90,900 1,800 1,210 ° 21,890 13,550 38,450 | 7,700 1,660 6,040 39,600 1,520
15,640 1,800 60,290 1,800 750 14,440 16,790 33,780 | §,270 1,330 6,9L0 39,600 1,5%0
16,940 1,800 783,550 1,800 - 12,220 53,680 boo 68,100 ; 6,410 840 5,640 . 36,800 1,140
16,960 1,800 121,510 1,800 920 31,470 0 34,190 i 8,200 670 75580 . 31,200 . 1,730
17,200 1,800 436,630 1,800 4,570 35,080 o U1,4k20 | 7,720 630 7,090 27,500 lahﬁo
17,340 1,800 376,960 1,800 3,590 27,090 1,960 34,40 7,460 520 6,940 . 24,000 1,300
15,360 1,800 112,340 1,800 - 800 27,580 4,740 34,920 8,520 2o 8,290 36,270 1,40
13,900 1,800 111,670 1,800 ‘480 21,960 17,250 41,480 8,480 500 - 7,980 - 38,300 1,760
11,110 1,800 84,910 1,800 1,010 14,870 22,760 Lo,440 | 8,990 670 ,320 : 38,040 1,890
7,310 1,800 18,080 1,800 100 7,090 7,800 16,790 9,320 550 8,810 30,680 - 2,280
6,830 1,800 14,460 1,800 60 6,390 5,530 13,786 b 8,850 750 8,180 23,720 2,050 .
5,890 1,800 21,780 1,800 710 5,510 9,700 17,720 - © 7,280 350 6,930 19,480 1,70 -
950 1,800 3,010 1,800 100 1,020 0 2,920 8,250 190 8,120 6,480 ' 2;110

10,400 1,800 225,080 1,800 7,060 27,560 25,370 61,790 | 6,170 6%0 5,530 16,680 - 1,190
12,540 1,800 30,790 1,800 700 . 1,900 21,850 26,250 7,980 2,030 5,950 © 36,760 1,790
11,710 1,800 39,5 1,800 2,010 6,400 19,760 29,970 ! 1,050 - 1,630 v 5,420 24,760 1,530
8,300 1,800 20,910 1,800 660 3,110 12,210 17,780 . 6,750 1,810 4,940 20,440 1,700
9,040 1,800 39,210 1,800 2,320 4,330 17,160 25,610 ! - 6,500 1,730 . . 4,770 21,360 1,610
8,110 1,800 26,380 1,800 530 4,290 13,080 19,700 = 7,220 1,600 ‘ 5,620 . 13,200 - 3,640
12,110 1,800 161,420 1,800 2,320 18,720 11,600 . 34,440 7,630 970 6,680 27,910 1,720

. MONTALVO BASIN
ANNUAL SWMKARY OF GROUND WATER INVENTORY (Acre-Feet)

(15)

. TOTAL FROM
GROUND WATE

BASIN

31,210
L3,850
47,160
48,100
13,580
40,510
36,030
32,240
46,020
g ,0k0
ug,250
11,770
33,950

28,150 -

16,710
23,400
. 14,500
31,710
27,080
.27,7h0

22,40

.36,310

- (16)

FLOOD
OUTFLOY

208,910
445,830
52,000
25,930
726,830
87,570
399,150
345,590
77,380

©..70,160

44,810
840

)
© N,k20
' (0]
169,710

. 3,210

9,950
1,980
14,190

5,610

128,320

an

TOTAL
OUTFLOW

240,120
489,680

99,160

74,030
770,410
128,080
435,180
371,830

124,000

118,200
93,060
k2,610
33,950
32,570
16,710

28,070
164,630

- (18)

CHANGE
IN
STORAGE

+33,300
+15,430
- 8,710
-14,320
+2L,520
- 0,320
+ 5,390
+ 2,200
-11,100
-~ 7,810
-24,980
-20,170
-10,430
=13,790

'+38,390
'-18,2

- 1,7

- 9)300
- 2,130
- 2,760

PLATE 31
(19)

AVAILABIR
STORAGE
57,000
23,700
8,270
16,980
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PORTIONS OF THE MouND 4aND MoNTaLvoO BasinNs To WHICH WATER IS EXPORTED.

THE YIELDS OF THESE THREE DASINS COULD DE INCREASED CONSIDERABLY (F
LOWER WATER TABLES COULD BE -TOLERATED.. -
MONTALVO BASIN

UNDER THE CONDIT|ONS PREVAILING DURING THE 1936757 BASE PERIOD,

IT IS CONSIDERED THAT THE MONTALVO BASIN HAS EXPERIENCED NO OVERDRAFT,
ALTHOUGH THE HISTORIC YIELD IS FRODADLY NOT MUCH BELOW THE SAFE YIELD,
THE HiIsTORIG YIELD Is CALCULATED aAs 8380 ACRE~FEET reR YEARe THE UNDERFLOW
QUT oF THE MONTALVO BASIN HAS AVERAGED 4pouT 28,000 ACRE~FEET PER YEAR
OVER THE 1936-57 pgase PERIODs THIS IS CONSIDERED TO BE THE PRIMARY
SOURCE OF SA#E YIELD TO THE OXNARD AQUIFER AND TO THE Mounp Basin, (T
HAS ALSO BEEN A SOURCE OF RECHARGE TO THE Fox CANYON AQUIFER IN THE
AVERAGE AMOUNT ofF 2000 ACRE~-FEET PER YEAR.

OXNARD PLAIN AND MOUND BASIN

AN ANALYSIS OF WATER SUPPLIES FOR THE OXxNarRD PLAIN aAND MOUND

-BASIN was MADE FOR THE BASE PERIOD 1936~57, FOoR THIs ANALYSIS, IT WAS
FOUND ADVANTAGEOUS TO DIVIDE THE BASE PERJOD INTO TWO SUB=~PER|ODS==THE
WeT 1936-46 GrRouP oF YEARS, AND THE 1946-57 PRIMARILY DRY GROUP OF

YEARS., THE RESULTS OF THIS ANALYSIS ARE GIVEN IN Tasre [V-4, THE uUNDER=-
FLOWw FROM MoNTALVO BASIN Is DERIVED FROM THE DETAILED GROUND WATER
INVENTORY (PLATE 31). Loss of FRESH=WATER STORAGE DUE TO SEA~WATER N -
TRUSION INTO THE OXNARD AQUIFER FOR THE YEARS 1946-57 nas peen ESTIMATED
As 90,000 ACRE=-FEET; THIS Has RESULTED IN A LOSS OF USABLE STORAGE
CAPACITY OF aABoUT 135,000 ACRE-FEET. THE REMAINING ESTIMATED LOSS OF
FRESH-WATER STORAGE CAPAGTIY IS GONSIDERED To HAVE TAKEN PLACE WITHIN

THE UPPER PLEISTOCENE AQUIFERS SEAWARD OF THE Mounp BasiN., ONLY A VERY
SMALL AMOUNT OF WATER COULD HAVE COME FROM THE COMPACTION OF CLAYS.

THIS CONCLUSION WasS DASED ON THE ASSUMPTION THAT COMPACTION OF GLAYS

DUE TO PRESSURE REDUCTION WITHIN THE OXNARD AQUIFER WOULD HAVE RESULTED

IN SUBSIDENCE OF THE GROUND SURFAGE EQUIVALENT TO A LARGE PERCENTAGE

OF THE ACTUAL COMPACTION, THIS ASSUMPTION IS JUSTIFIED OY THE |INGOMPETENT
NATURE OF THE UPPER SEVERAL HUNDRED FEET OF SEDIMENTS DENEATH THE OXNARD
PLatNne. A REVIEW OF RECORDS OF PRECISE LEVELING ACROSS THE OxNaRrRD PLAIN

REVEALS THAT NO APPRECIAGLE SUOSIDENCE OCCURRED BETWEEN 1939 AND aooUT

V=10



TABLE (V-4

GROUND WATER INVENTORY OF OXNARD PLAIN AND
MOUND BASINS
(AcRE-FEET PER YEAR)

ITEM oF [NCREMENT

UNDERFLOW FROM MONTALVO BasIn

Loss oF FRESH-WATER STORAGE DY SEA-
WATER INTRUS|{ON

DowNFLOW FROM SEMI=PERGHED ZONE
REDUCTION OF OUTGROP STORAGE
CoMPACTION OF cLAYS

ToraL

!TEM oF DECREMENT

Pumpage oN OxNaARD PLAIN AND [N
MounD Basin

OuTFLOW To oOCEAN
UPWARD LEAKAGE TO SHALLOW ZONES
ExPORT To WEsST Las Posas

ToTaL

SaFE YIELD COMPONENT OF UNACCOUNTED™
FOR WATER

1936-46

31,500

IO © o o

51,500

25,300
7,800

500

700
61,300

32,800

194657
18,500
12,000

20,000
2,500

53,000

71,400

1,600
73,000

20,000



1950. LATER SURVEYS May INDICATE THAT SOME SUDBSIDENGCE HAS TAKEN PLAGCE
SUBSEQUENT TO 1950,

PUMPAGE FIGURES FOR THE OXNARD PLAIN AND THE MoUND Basin ARE
DERJIVED LARGELY FROM BULLETIN 12, ADJUSTED FoOR IMPORTS, AND DEEPER
PUMPAGE ON THE OxNARD PLAIN. OUTFLOW To THE OCEAN WAS BASED ON SLOPE=-
AREA STUDIES AND IS DELIEVED TO REPRESENT A MINIMUM, EXPORTS TO THE
WEST Las Posas AREA ARE FROM THE DisTRICT's RECORDS,

THE ITEM OF UNACCOUNTED~FOR WATER DURING THE 1936-46 PeERjOD
REPRESENTS WATER WHICH MUST HAVE BEEN SUPPLIED TO SATISFY THE ESTIMATED
DEMANDS AND OUTFLOWS. THIS UNACCGUNTED~FOR WATER HAS TWO POSSIOLE
EXPLANATIONS:

(1) EsTimaTeD PUMPAGES ARE TOO GREAT;

(2) ESTIMATED INFLOWS ARE Too SMALL,
THERE WAS NO OVERDRAFT DURING THE 1936-46 periop AND IT IS ASSUMED THAT
THERE WAS NO REDUGT|ON OF GROUND WATER STORAGEs EITHER EXPLANATION IS
IN THE DIRECTION OF REDUCING AVERAGE ANNUAL OVERDRAFT. ALL OF THIS
UNACCOUNTED-FOR WATER (S CONSIDERED TO OF A COMPONENT OF SAFE YIiELD.,
Durine THE 1946-57 PERIOD,; THE SAFE YIELD COMPONENT OF UNACCOUNTED=FOR
WATER IS REDUCED TO 20,000 ACRE-FEET PER YEAR. TO BALANCE THE supPLY
AND DEMAND DURING THE 1946—57 DRY PERIOD, IT IS NECESSARY TO DRAW
HEAVILY FROM STORAGE AND THE SEM{~PERCHED ZONEe THE ESTIMATES FOR
INTRUDED FRESH-WATER STORAGE AND LOSS OF OUTCROP STORAGE ARE DBELIEVED
NEAR THE MAXIMA. BASED ON CALCULATIONS oOF AVAILABLE |RRIGAT({ON RETURN
WATERy THE ASSIGNED DOWNFLOW FROM THE SEM|—=PERCHED ZONE IS QUITE HIGH.
THis 1s a CONSERVATIVE APPROACH WHICH CURDS OVER=OPTIMISM ON AVAILABLE
SAFE YIELD SUPPLY. T IS QUITE POSSIBLE THAT THE SEMI~PERCHED DOWNFLOW
I'S LOWER AND THE SAFE YIELD COMPONENT OF UNACCOUNTED~FOR WATER !S HIGHER.

. WITH THE ASSUMPTION THAT DURING THE 1936-46 PERIOD ALL DEMANDS
AND OUTFLOWS WERE SUPPLIED FROM SAFE YIELD SOURCES, THE AVERAGE WATER
SUPPLY DURING THAT PERIOD WAS 64,300 acre-reeT per YEAR. FoOR THE
1946-57 PERIOD THE SUPPLY S TAKEN AS THE UNDERFLOW FROM MoONTALVO
BASIN PLUS THE SAFE YIELD COMPONENT OF UNAGCOUNTED~FOR WATER, A TOTAL OF
38,500 AGRE~FEET PER YEAR. THE AVERAGE ANNUAL SUPPLY DURING THE ENTIRE

1936—57 PERIOD WAS 50,800 ACRE-FEET PER YEAR. THIS SUPPLY WOULD TEND
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TO BE INCREASED BY THE ACTUAL AMOUNT OF WATER DERIVED FROM THE SEM|=—
PERCHED ZONE, EVEN THOUGH THE POOR QUALITY MAKES |T QUESTIONAGLE AS &
SAFE YIELD ITEM. UNDERFLOW TO THE OGEAN DURING WET PERIODS WHICH GOULD
NOT BE INTERCEPTED WOULD TEND TO DEGCREASE THE AVAILABLE SAFE YIELD
SUPPLYs THE AVERAGE ANNUAL PUMP|NG DEMAND DURING THE 1936-57 PERIOD wasS
63 700 ACRE-FEET PER YEAR. THUS THE OVERDRAFT DURING THE ENTIRE BASE
R10D was 63,700 MiNuUs 50,800 or an AVERAGE OF 12,900 ACRE-FEET PER YEAR,
WITH FUTURE INCREASES oF PUMPING DEMAND, TH!S OVERDRAFT WILL GROW,
FOX CANYON AQUIFER
THE MAIN SOURCES OF REGCHARGE TO THE Fox CANYON AQUIFER aRE:
(1)  THE MonTaLvo BASIN THROUGH THE SUB-ALLUVIAL OUTCROP DENEATH
THE SATICOY SPREADING GROUNDS
(2) UNDERFLOW FRoOM WesT Las Posas Basin;:
(3) UNDERFLOW FROM East Las Posas Basin.,
THE MonNTALVO BasIN anND WEST Las Posas BASIN SOURGCES ARE ESTIMATED AS
2000 AGRE-FEET PER YEAR EACH. THE MONTALVO BASIN SOURGE wiLL BE PERENNIAL,
BUT THE UNDERFLOW FROM THE OVERDRAFTED WEST LAs POSAS AREAS IS EXPEGTED
TO DECREASE. FRrRoM EasT Las Posas BASiIN, WHERE UNDERFLOW HAS BEEN ABOUT
3000 ACRE=-FEET PER YEAR IN THE PAST, THERE WILL BE DECREASING RECHARGE
AS OVERDRAFT INCREASES. NO OTHER SOURCES OF RECHARGE To THE Fox CanYoON
AQUIFER ARE CONSIDERED AS QUANTITATIVELY SIGNIFICANT,
ALTHOUGH THERE MAY HAVE DEEN ESCAPE OF FRESH WATER TO THE
OCEAN PRIOR To 1946, THE curReENnT OVERWHELMING GROUND WATER DECREMENT
IS PUMPED EXTRACTIONS: A DETA!LED STUDY HAS BEEN MADE OF THE ACREAGE
SERVED FROM Fox Canyvon WELLS,-AND METERED PUMPAGES HAVE CEEN.OBTAINED,
WHERE AVAILABLE. As ofF 1959 acourT 4900 ACRE~FEET PER YEAR REPRESENT
MEASURED PUMPAGES. AN aDDITIONAL 14,600 acres were BEING [RRIGATED
FROM WELLS REACHING THE Fox CANYON AQUIFER. THAT ACREAGE INCLUDES AN
ADJUSTMENT FOR WATER REMOVED FROM THE SHALLOWER AQUIFERS IN THE MULT]-
ZONE WELLS., ON THAT ACREAGE AN APPLIGATION RATE oF 1.5 FEET PER YEAR
WAS USED. THE CURRENT ANNUAL DRAFT ON THE Fox CANYON AQUIFER IS ESTIMATED
To BE 26,000 ACRE-FEET PER YEAR, FAR [N EXCESS OF THE REGCHARGE,
IN CALCULATING THE OVERDRAFT ON THE Fox  CANYON AQUIFER, THE

FOLLOWING ASSUMPT]ONS HAVE BEEN MADE:

tv-12



P,

N

(1) THERE ts NO OVERDRAFT IN THE Fox CANYON AQUIFER [N THE
NORTHERN PART OF THE OXNARD Praing
(2) OveRrDRAFT rs RESTRICTED TO THE AREA SOUTH OF THE SPRINGVILLE
FAULT, INCLUDING ALL oF PLEASANT VALLEY, anp THE Muau AREA S
(3) OverorarT COMMENGED LONG PRIOR To 1948 oyt Loss orf FRESH~-
WATER STORAGE DY SEA=~WATER INTRUSION STARTED IN 1948,
(4) ks PLessanT VALLEY, CURRENT RECHARGE CONSISTS oF (4) UNDER=
FLow FROM EasT Las Posas--3000 ACRE~FEeT PER YEAR; (B) UNDER=
FLOW FROM THE NORTH ACROSS AND AROUND THE SPRINGVILLE FAULT=-
3000 AcrE~FEET PER YEAR S
(5) PUMPAGE (N THE OVERDRAFT AREA (S 25,000 ACRE-FEET PER YEAR.
CURRENT ANNUAL OVERDRAFT oON THE Fox CANYON AQUIFER AMOUNTS To
AgcouT 192,000 ACRE-FEET rER YEAR, THE AMOQUNT OF FRESH~WATER STORAGE
LOST TO SEA~WATER INTRUS!ION DURING THE 1948-59 rerioD APPROACHES 200,000
ACRE-FEET. THIS REPRESENTS A MAXIMUM FIGURE BECAUSE THE OVERDRAFT HAS
NOT AVERAGED SO MUCH AS 19,000 acRrRe~FEET pPER YEAR OVER THE 1948—59
PERIODe WITH FAILING RECHARGE, AND IF THERE ARE INCREASING PUMPING
DEMANDS IN THE FUTURE, THE ANNUAL OVERDRAFT WILL INCREASE,
THE ToTaL OVERDRAFT ON THE COASTAL PLAIN AND IN THE ENT]RE
DisTRIcT aMOUNTS To 19,000 ACRE-FEET PER YEAR FOR THE Fox CanYoN AqQUIFER
PLUS 12,900 AGCRE~-FEET PER YEAR FOR THE MounND BasiIN anD OXNARD PLAIN,

FOR A TOTAL AVERAGE ANNUAL OVERDRAFT OF 31,900 ACRE-FEET PER YEARS

V=13



CHAPTER V
SALT BALANCE

METHODS AND PROCEDURES

ALTHOUGH NOT ORIGINALLY PLANNED AS A PART OF THIS INVESTIGATION,
1T DECAME.INCREASINGLY APPARENT THAT A DETTER PICTURE OF WATER QUALITY
PRODLEMS WOQULD BE OCTAINED iF, IN ADDITIGON TO THE OTHER WATER QUALITY
STUDIES, A COMPLETE SALT INVENTORY WERE MADE IN THE UPSTREAM DBAS|NS.
ACCORDINGLY, DETAILED SALT-DALANGE CALCULATIONS WERE MADE FOR THE DASE
PERIOD 1836-57 FOR THE PiRrU, FiLLMORE, aND SanTa PauLa Basins. THis
INVOLVED ESTIMATING ALL THE SALTS WHICH ARE 3ROUGHT INTO EACH BASIN AND
ALL THE SALTS WHICH ARE REMOVED. MOST OF THE SALTS ARE CARRIED IN SOLUTION
AND 1T WAS NECESSARY TO DETERMINE REPRESENTATIVE éALT CONTENTS FOR THE
VARIOUS ITEMS [N THE GROUND WATER INVENTORY. USING THE CHEMIGAL ANALYSES
AVAILABLE FOR THE SURFACE FLows OF THE SanTa CLarRA RIVER AT BLue Cut,

AND ENTERING FLOWS oF FIrRu, Sespe, anD SanTa PauLa CREEKS, CURVES WERE
DEVELOPED RELATING THE FLOW IN ACRE~FEET PER MONTH TO TONS OF SALT PER
MONTH (PLATE 32). DATA WERE NOT AVAILABLE TO PREPARE SUCH GURVES FOR THE
OTHER INVENTORY ITEMS, AND AVERAGE SALINITIES WERE DETERMINED FROM THE
AVAILADLE SURFACE WATER AND GROUND WATER ANALYSES, MOST OF WHICH WERE
RECENTLY PUDLISHED AS THE APPENDIGCES TO CALIFORNIA DEPARTMENT OF WaATER
RESOURCES BULLETIN No. 75 (Rer. 18).

OtL-FIELD OPERATIONS ARE CONDUCTED IN THE TRIDUTARY DRAINAGES
oF Piru, F1LLMORE, AND SaNTA PauLa SASINS. ALMOST ALL OF THE OIL WELLS
PRODUGE WITH THE OIL SOME HIGHLY MINERAL|ZED WATER., RECORDING OF BRINE
PRODUCTION |S REQUIRED BY LAW, AND THESE REGCORDS ARE COMP[LED AND PUDLISHED
ANNUALLY BY THE CaLIFORNIA Division oF OiL aND Gas. NUMEROUS SAMPLES OF
OIL=FIELD BRINES IN THE DISTRICT WERE COLLECTED OY THE CaLtFornia Divislon
OF WATER RESOURCES DURING THE EARLY 1950's IN SURVEYS MaDE FOR REGIONAL
WaTeEr PoLLuTion ConTrROL Boarp No. 4 (Rers. 12, 14). THE OIL=FIELD WATERS
PRODUCED NORTH OF THE SANTA CLARA RIVER RANGE FROM THE THRESHOLEZ OF
USABILITY TO MORE THAN 13,000 PARTS PER MILLION TOTAL DISSOLVED SOLIDS,
THESE ARE MOSTLY SODIUM DICARDONATE WATERS, ALTHOUGH A FEW ARE OF A
SODIUM CHLORIDE CHARAGCTER. SOME OF THE SOUTH-SIDE ORINES ARE MUCH MORE

HIGHLY MINERALIZED, AND MANY SHOW TDS 0F MORE THAN 30,000 rPm. O1n
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PRODUCTION IS FROM A CONSIDERABDLE VERTICAL INTERVAL, FROM FORMATIONS BOTH

ABOVE AND BELOW THE QOak RiDGE FauLr. THE BRINES SHOW A VARIETY OF CHEMICAt

_CHARACTERS: w(1)~SODLUM—CALCIQM-CHLORIDE; (2) sooium cHLorioe; (3) sonium

SULFATE=~cHLORIDE; (4) sooium suLFaTe; ano (5) sobium DICARBONATE.,
THE SALTS CONTRIBUTED QY OIL-FIELD DRINES TO THE FRESH GROUND

WATERS WERE ESTIMATED FOR EACH YEAR FROM 1936 To 1957. THIS INVOLVED THE

FOLLOWING:

(1) PROPORTIONING THE BRINE PRODUCTI!ON WITHIN EACH OCIL FlELD TO THE
SMALLER DRAINAGE AREAS, SO THAT THESE COULD QEF FITTED INTO THE
AREAS TRIBUTARY TO EACH GROUND WATER DASIN;

(2) ESTiMATING THE VOLUMES THAT WERE NOT ALLOWED TO ENTER THE SANTA
CLarRA RIVER ALLUVIUM. THESE ORINES INCLUDED THOSE THAT WERE:
(A) PERCGLATED 1IN SUMPS OVERLYING PERMEADLE LAYERS WHIGCH DIP
AWAY FROM THE RIVER;

(D) EVAPORATED IN SUMPS ON IMPERMEAGLE MATERIALS
(¢) EXPORTED DY PIPELINES oOR TRUCKS ;
(D) INJVECTED INTO GRINE DiSPOSAL WELLS, OR USED IN A WATERFLOOD

REPRESSURING SYSTEM,

(3) To THE voLuMEs REMAINING FROM (2), THE APPROFRIATE TONS~PER=ACRE=
FOOT SALINITY FACTORS WERE APPLIED TO ARRIVE AT THE ANNUAL TONNAGE
OF SALT.

CoNTRIQUTIONS FROM DOMESTIC SEWAGE WERE ESTIMATED AS FOLLOWS:

(1) POPULATIONS FOR EaGH GROUND WATER DASIN WERE ESTIMATED FOR EACH
YEAR OF THE 1936-57 PERIOD USING DATA AND ESTIMATES PRESENTED IN
THE RECENT STUDY CY THE PLANNING RESEARCH CORPORATION (ReF. 55);

(2) SEWAGE VOLUME was TAKEN AS 63 GALLONS ‘PER CAPITA PER DAY, THIS
FIGURE WAS DERIVED FROM DETAILED STUDIES DY THE STATE WATER RIGHTS
BoarRD IN SaN FERNANDO VALLEY IN EARLY 1959. IT CORRESPONDS
FAIRLY CLOSELY WITH THE PER=-CAPITA FIGURE INDICATED BY THE FLOW
AT THE CiTy oF SaNTA PAULA SEWAGE TREATMENT PLANT.,

(3) DoMESTIC USES WERE CONSIDERED TO INCREASE THE TDS OF THE DELI|VERED
DOMESTIC WATER 5Y 300 PPM. THIS 1S THE MAX|MUM FIGURE GIVEN DY
THE CALIFORN!A STATE WATER PoLLuT!on CONTROL Boare (Rer, 22).
WITH ALLOWANCES MADE FOR THE DISCHARGE OF INDUSTRIAL WASTES, THE
CHEMICAL ANALYSES OF THE CITY 0F SaNTA PAULA SEWAGE EFFLUENT

INDICATE A DOMESTIC SALT PICK=UP WHICH IS WELL WITHIN THE 300 PPM.

(L) BY APPLYING S4LT PicK~uUP TO PER=CAPITA FLOW FIGURES, |T WOULD
APPEAR THAT THE PER-CAPITA CONTRIGUTION OF SALT TO THE GROUND
WATER DASINS IN DOMESTIC SEWAGE |S A MAXIMUM oF 60 POuUNDS PER
YEAR, OR 0,03 TONS PER YEAR.
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FOR THE SEWAGE TREATMENT PLANTS AT FiLLmore, Santa PauLa, anD
SAaTicOY, THE REGIONAL WATER POLLUTION CONTROL BOARD HAS PRESCRIBED THE

FOLLOWING LIMITS FO? EFFLUENTS

CONSTITUENT MaximMum LimiT

TOTAL DISSOLVED SOLIDS o o o o o « 2000 repm

CHLORIDE v 4 v ¢ 4 o o 4 o o o « o » 175 Pem
BORON & v 4 v v v h e e e e e 1.5 PP
SODIUM EQUIVALENT RATIO o o o o o . €0%

THE EFFLUENTS FROM ALL THREE PLANTS HAVE EXPERIENGCED DIFFICULTIES [N
MEETING ONE OR MORE OF THESE LIMITS. AT SANTA PAULA, INCUSTRIAL WASTES
HAVE HERETOFORE DEEN DISCHARGED INTO THE CITY SEWER SYSTEM. A DISCONTINUANCE
OF THESE DISCHARGES HAS DEEN ORDERED, WHICH SHOULD RESULT [N AN ACCEPTAGLE
EFFLUENT. A MORE SERIOUS INDUSTRIAL WASTE PROGLEM EXISTS IN THE SaTicoy
SYSTEM, BUT ONLY A MINOR ONE AT FILLMORE. BOTH SATICOY AND FILLMORE MAY
CONTINUE TO EXPERIENGCE DIFFICULTIES IN MEETING THE EFFLUENT STANDARDS
BECAUSE THE DELIVERED DOMESTIC WATER IS SO HIGH IN TOTAL DISSOLVED SOLIDS.
INDUSTRIAL wASTES (OTHER THAN OIL=FIELD BRINES) DISCHARGED IN
THE PIRu, FiLLMORE, aND SanTa PauLa Basins ARe MAINLY (1) WASH AND RINSE
WATERS FROM CITRUS PACKING PLANTS, AND (2) REGENERATION ORINES FROM WATER
SOFTENERS. BOTH TYPES OF WASTES HAVE DEEN THE SUBJEGT OF RECENT I[NVESTIGA-
TIONS BY THE REGIONAL WATER PoLLuTioN ConTRoOL Boarp (REFs. 13, 15, 20).
A COMPREHENSIVE REPGRT ON THE PACKING PLANT WASTES WAS AUTHORIZED oY THE
WATER PoLLuTioN COMMITTEE OF THE VENTURA COUNTY CITRUS PackiNG AssoCIATIONS,
AND PREPARED BY L. T. SHARP OF THE FRUIT GROWERS LABORATORY (REF. 32). In
THAT REPORT ARE TO OE FGOUND EXGELLENT DATA ON THE FLOW VOLUME AND GHEMIGAL
QUALITY OF THE WASTES CISCHARGED BY ALL THE GITRUS PAGKING PLANTS I[N
VENTURA COUNTY. MUCH HAS DEEN DONE TOWARD ALLEVIATING THIS SOURGE OF
GROUND WATER POLLUTIGN DY (1) MODIFYING WASHING AND RINSING PROCESSES TO
PRODUCE A LESS OBJECTIONADLE EFFLUENTS (2) USING UNSOFTENED WATER; AND
(3) TRUGKING AWAY SALINE WASTES.
WATER SOFTENER REGENERATION DRINES ARE AN ESPECIALLY SERIOUS
PRODLEM DBECAUSE OF EXTREME SALINITY —= SOMETIMES REACHING MORE THAN
300,000 PPM. SUCH ORINES ARE DER]VED FROM DOMEST!C WATER SOFTENERS, AND
FROM MANY [INDUSTRIES WHERE A SOFTENED WATER IS REQUIRED. THE CITY OF‘

SaNTA PauLa Has RECENTLY PASSED AN ORDINANCE PROHIBITING THE INSTALLATION
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OF NEW OWNER-SERVICED WATER SOF}ENERS, FROM WHICH THE REGENERAT{ON DBRINES
WOULD DE DISCHARGED TO THE CITY SEWER. ANY PERSON WHO WISHES TC START
USING SOFTENED WATER MUST SUCSCRIDE TO A COMMERC | AL SERVICE, WHIGH wlLL
REGENERATE THE UNITS CENTRALLY, AND PRESUMACLY GE RESPONSIDLE FOR THE
PROPER DISPOSAL OF THE BRINES.

FROM THE VERY GOOD AVAILAGLE DATAy ESTIMATES OF SALT CONTRIDUTIONS
BY INDUSTR!AL WASTES WERE MADE FOR THE PIRU, FILLMORE, AND SANTA PauLa
Basinse.

SOME SALTS ARE IMPORTED TO THE BASI|NS AND SPREAD ON THE LAND AS
FERTILIZER. THESE WERE ESTIMATED TO GE ON THE ORDER OF 500 rPounDs PER
ACRE PER YEAR. THIS ESTIMATE COULD DE REFINED WITH A MORE DETAILED STUDY.
SOME SALTS ARE DOUND UP IN AGRICULTURAL PRODUCTS AND SHIPPED FROM THE
BASINS; THIS EXPORT WAS ESTIMATED T6 BE 100 POUNDS PER ACRE PER YEAR. THE
DETERMINATION OF SALT CONTRIDUTIONS IN WATERS LEAKING FROM THE OLDER
ROCKS oF QaAk RIDGE AND SOUTH MOUNTAIN IS VERY DIFFICULT TO ESTIMATE. THE
ESTIMATES GIVEN, WHICH ARE DELIEVED TO REPRESENT MAX|MUM VALUES, NECESSARILY
HAD TO CE DBASED ON JUDGEMENT, TAKING INTO CONSI|DERATI|ON SUCH GEOLOGIC AND
HYDROLOGIC FACTORS AS:

(1) THE PROBADLE AMOUNT OF RAINFALL PENETRATION ON OUTCROPS OF THE
OLDER ROCKS;
(2) THE PERMEABILITY CHARACTERIST!CS OF THESE ROCKS;

(3) THE NUMBER AND FLOW VOLUME OF SPRINGS;

(4) THE LACK OF CHEM!ICAL DETERIORAT!ON OF GROUND WATERS DEFINITELY
ASCRIBABLE TG THESE SOURCES. :

RESULTS

A SUMMARY OF THE SALT=BALANCE CALCULATIONS 1S PRESENTED 1N TabLE
V-1. As SALT ACCUMULATION OR REMOVAL IS A VERY SLOW PROCESS, AVERAGE
FIGURES OVER A REPRESENTATIVE PERIOD ARE MORE SIGNIFICANT THAN THOSE FOR
ANY SINGLE YEAR. HOWEVER, ADEQUATE ALLOWANCES SHOULD DE MADE FOR ANY
TRENDS IN THE LATER YEARS OF THE PERIOD. THE SALT—-BALANGCE STUDIES JUSTIFY
THE FOLLOWING CONGLUSIONS:
(1) ESSENTIALLY ALL THE SALTS OROUGHT INTO THE GROUND WATER BASINS ARE

TRANSPORTED Y NATURAL SURFACE FLOWS AND UNDERFLOW;

(2) ALTHOUGH THE LOW SURFACE FLOWS MAY DE HIGHLY MINERALIZED, THE
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TAaBLE V-1. SUMMARY OF SALT~DALANGCE CALCULATIGNS
(AVERAGE TONS OF SALT PER YEAR)

Piru Froumore SanTa Paura

INCREMENTS BaSIN Basin Basin
FLooD iINFLOW 83,600 93,300 92,600
RISING WATER INFLOW —eeme—em 21,100 53,800
UNSERFLOW 1IN koo 25,800 8,800
IMPORTED WATER 3,700 5,800 1,600
FERTILIZER 1,000 2,800 2,600
SEWAGE AND (NDUSTRIAL WASTES 50 250 600
OIL~FIELD DRINES 730 580 210
SOUTH SIDE LEAKAGE 200 200 200

TOTALS 89,680 149,830 160,410
DECREMENTS
FLocD ouTFLOwW 39,500 77 +500 122,000
RISING WATER QUTFLOW 21,100 53,800 20,200
UNDERFLOW oUT 25,800 8,800 3,500
EXPORTED WATER 5,800 1,600 950
AGRICULTURAL PRODUCTS 210 560 510

TOTALS 92,410 142,260 147,160



TOTAL TONNAGE OF SaALT OBROUGHT IN DY THESE LoOW FLOWS S VERY SMALL
COMPARED TO THE TONNAGE CONTRIBUTED DY THE LESS SALINE FLOOD FLOWS;

(3) THE morEe OBVIOUS SOURCES OF PGLLUTION SUCH AS DGMESTIC AND. MUNIC!PAL
) SEWAGE, O1L=FIELD ORINES AND OTHER INDUSTRIAL WASTES CONTRIBUTE
LESS THAN ONE PER CENT OF THE SALT.
IN THE PIRuU BASIN, THE CALCULATIONS SuGGEST THAT MORE SALTS ARE BEING REMOVED
THAN ARE DBEING BROUGHT IN. HOWEVER, THE FIGURES (N TaGoLE V-1 MUST GE USED
WITH DISCRETION, AS THE PRODABLE ACCURACY [S LESS THAN THE DIFFERENGCE
BETWEEN THE SUMS OF THE INCREMENTS AND DECREMENTS. THE CALCULATIONS IN
TABLE V-7 REPRESENT ONLY ONE, AND NOT NECESSARILY CONCLUSIVE, APPROAGCH TO
THE PROBLEM OF SALT BUILD=UP. ANOTHER LINE OF EVIDENCE SUGGESTS THAT THE
SALT BALANCE IN THE FIRU BASIN IS aDVERSE. Many ANALYSES WERE MADE DURING
THE BuLLETIN 46 sTubieEs IN THE PERIOD 1928 To 1933. ANOTHER LARGE SERIES
WAS MADE DURING THE BULLETIN 12 sfuolEs IN 1950 To 1952. COMPARISONS BETWEEN
THESE TWO SUITES OF ANALYSES sHows THAT (1) AVERAGE GROUND WATER SALINITIES
HAVE INCREASED, ANB (2) SALINITIES IN FOUR WELLS ANALYZED DURING BOTH PERIODS
HAVE INCREASED. WHEREAS THESE SALINITY TRENDS ARE PROBABLY SIGNIFICANT,
THE MAGNITUDES OF THESE CHANGES CAN NOT GOEF CONVERTED INTO A MEANINGFUL
ANNUAL CHANGE., IN THE LIGHT OF THE TRENDS (N THE ANALYSES, |T WOULD BFE
DIFFICULT To 6ONCLUDE THAT THE PIRU BASIN SALT DALANGE 1S FAVORABLE. IT
MIGHT DE SUGGESTED, THOUGH, FROM TAGLE V=1, THAT THE PIRU BASIN HAS A
RELATIVELY BETTER SALT DALANGCE THAN EITHER THE FILLMORE oR SanTa PauLa
Basins.
THE ACTUAL DETERIORATION OF WELL WATERS IS ONLY INCIDENTALLY
RELATED TO ADVERSE SALT DALANGCE. A WELL WATER ODECOMES POOR GEGAUSE A
HIGHLY MINERALIZED WATER GETS INTO THE WELL. DETERIORATION OF WELL WATERS
HAS DEEN KNOWN TO OCCUR IN GROUND WATER GASINS WITH OVERALL EXCELLENT WATER
QUALITY AND FAVORAGLE SALT BALANCE. THUS THERE ARE TWO DISTINCT PRODLEMS

TO DE CONSIDERED:

(1) THE OBROAD PROBLEM OF LONG-TERM SALT ACCUMULATION WHICH DOES NOT
NECESSARILY INVOLVE WELL WATERS BECCMING UNUSABLE;

(2) THE PROBLEM OF THE SOURCE OR SOURCES OF HIGHLY MINERAL|ZED WATERS
WHICH CAUSE RELATIVELY RAPID DETERIORATION OF WELL WATERS.

IN TaBLE V=1, THE ITEMS OF LITTLE SIGNIFICANCE FRCM THE STANDPOINT OF

SALT INVENTORIES MAY BE THE WORST OFFENDERS IN WELL-WATER DETERIORATI!ON.
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THE SOURCES OF THESE HIGHLY MINERALIZED WATERS IN THE Firu, FiLLMoRE, AND
SaNTA PauLa Basins aARE THE FOLLOWING:

(1) AGRICULTURAL RETURN WATER

(2) NATURAL LOW SURFAGE FLoOWS

(3) MuNiciPAL SEwaGE

(k) O1L-FiELD BRINES

(5) INDUSTRIAL wasTEs

(6) NATURALLY SALINE GROUND WATERS

NATURALLY SALINE LOW SURFAGE FLOWS HAVE DEFINITELY CAUSED SEVERE GROUND WATER
DETERJIORATION IN THE PiRU BASIN JUST WEST oOF BLue Cut. THE HiGH SALINITIES
OF THESE LOW FLOWS MAY DE EXPLAINED DY THE SALT CONCENTRAT!ON DUE To
EVAPOTRANSPIRATION |N THE LARGE AREA OF PHREATOPHYTES JUST UPSTREAM FROM
BLUE CuT. SALINE LOW FLOWS May ALSO EXPLAIN THE POOR WELL WATERS NEAR THE
MOUTH OF WHEELER CANYON IN THE SANTA PauLa BasiN. ELSEWHERE THE RELAT!ION=
SHIPS ARE DIFFICULT ToO DEMONSTRATE CHEMICALLY., MUNICIPAL SEWAGE HAS
DETERIORATED WELL WATERS IN THE SANTA PAULA BASIN, ALTHOUGH THE POLLUTANTS
ARE PROBADBLY TRACEABLE TO INDUSTRIAL WASTES CISCHARGED TO THE SEwsﬁs.
AN INDEPENDENT DISCHARGE OF INDUSTRIAL WASTES MAY HAVE POLLUTED ONE WELL
IN THE SANTA PautLa BasSIN. ALTHOUGH IN THE PAST THERE HAS OEEN INDISCRIMINATE
DISCHARGE OF OIL=FIELD DRINES INTO ALL THREE BASINS, NO WELL WAS FOUND
WHERE THE DETERIORATION WAS DIRECTLY ATTRIDUTABLE To THESE WASTES.,

BY FAR THE MOST AGUNDANT SOURCE oF POOR QUALITY WATER IS
IRRIGATION RETURN. Doneen (ReF. 27) WORKING IN VENTURA COUNTY FGUND THAT
AT FIELD CAPACITY THE AVERAGE SOIL SOLUTION HAD A SALINITY 2.6 TIMES THAT
OF THE APPLIED IRRIGATION WATERS. NEAR THE PERMANENT WILTING PERCENTAGE
THIS AVERAGE JUMPS TO 5 TIMES THE SALINITY OF THE IRRIGATION WATERS. THE
SOURCE OF THE SALT IS APPLIED WATER AND FERTIL1IZERS. OF THE Two, THE
SALTS DERIVED FROM THE APPLIED WATER ARE MUCH THE GREATER. THE WORK OF
KeLLey, LAURANCE, AND CHAPMAN (Rer. 44) puring THE PERIOD 1935-45 (NpicaTED
FOR SEVERAL VENTURA COUNTY STATIONS THAT THERE wWAS NO SALT ACCUMULATI]ON
iN THE SOILS. ALTHOUGH THIS MAY BE GENERALLY TRUE, THERE IS SOME EVIDENCE
TO SUGGEST THAT OORON IS CEING TEMPORARILY OETAINED IN THE SOIL OF SOME
AREAS OF THE DISTRICT. [F SALTS ARE NOT ACCUMULATING [N THE SO0ILS, THEN
IN THE UPSTREAM DASINS THEY ARE BEING CARRIED DOWNWARD ,

THE GHEMICAL QUALITY OF IRRIGATION RETURN WATERS {S GENERALLY

POOR EVERYWHERE, AND IN THE DisTRrRiCT SOME INOICATION GF THE CHEMICAL NATURE
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OF THESE WATERS MAY DE OBTAINED FROM THE DRAIN WATERS ON THE OXNARD FLainN
(TacLe 111-9). AssuMING 4N IRRIGATICON EFFICIENCY OF 50 PER CENT, THEN

ONE ACRE=~FOOT OF APPLIED WATER IS CONCENTRATED DY EVAPOTRANSPIJRATIVE

PROCESSES INTO % ACRE=-FOOT OF WATER WITH TWICE THE SALINITY. IN CONSIDERING

THAT MOST IRRIGATION WATERS IN THE UPSTREAM DASINS HAveE TDS ofF acouT 1000

PPM, THE RESULTING WATER WILL CONTAIN AB0OUT 2000 FPM. MoST I(RRIGATION

RETURN WATERS WOULD PROBADLY OE MORE SALINE THAN THIS. AssuMiNG 50 PER CENT

IRRIGATION EFFICIENCY, THE PER-ACRE PROGUCTION OF SALINE RETURN WATERS WOULD

DEPEND UPON THE CONSUMPTIVE USE OF THE CROP. HIGHER IRRIGATION EFFICIENCY
WOULD PRODUCE A SMALLER VOLUME OF MORE HIGHLY MINERALIZED WATER: LOWER
IRRIGATION EFFICIENCY WOULD PRODUCE A LARGER VOLUME OF RETURN WATER WITH
LOWER SALINITY. A ROUGH APPROACH TO THE PROBLEM OF CALCULATING THE VGLUME
OF IRRIGATION RETURN WATERS I8 GIVEN IN TAGLE V=2, THESE F|GURES GIVE,

AT LEAST, AN ORDER-OF~MAGNITUDE INDICATION OF THE VOLUME OF THE HiGHER
SALINITY WATERS INVOLVED IN lRRlGATloN RETURN., UNDER THE ASSUMPTIONS USED
N TABLE V=2, apouT 17,000 ACRE~FEET PER YEAR OF RETURN WATER |S PRODUCED.
THis COMPARES WITH ABouT 1100 ACRE-FEET OF SEWAGE FLOW AT THE CiTiES OF
FILLMORE AND SanTa PAULA IN 1958. EXPORTATION OF THIS MUNICIPAL SEWAGE
(incLUDING FNDUSTRIAL WASTES OTHER THAN OIL-FIELD GRINES) WILL REMOVE ABDOUT
0.5 PER CENT OF THE AVERAGE ANNUAL SALT CONTRIBDUTION TO THE FiLLMORE Basin -
AND ABOUT 1.2 PER CENT OF THE AVERAGE ANNUAL SALT CONTRIBUTION TO THE
SANTA PAULA.BAS!N. THIS INCREASE IN SALT EXPORT WOULD NOT BE SUFFICIENT
TO INSURE A FAVORADLE SALT bALANCE. As EVAPOTRANSPIRATIVE CONCENTRAT!ON
IS THE CHIEF PRODUCER OF SALINE WATERS, IRRIGATION RETURN WATERS WouULD

HAVE TO BE EXPORTED IN LARGE VOLUME TO OVERCOME THE ADVERSE SALT BALANCE.
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TaoLE V-2, ESTIMATES OF VOLUMES OF IRRI'GATION RETURN WATERS N
UPSTREAM DASINS ASSUMING 50 FER CENT OF APPLIED
FRRIGATION WATER GOES TO CONSUMPTIVE USE.

Cons. usEe FiLoLmore SanTa Paura

APPLIED FPiru Basiw Basin Basin

WATER 1958 1958 1958
CROP FT/YR AGRES AF/YRr ACRES AF/vr ACRES AF/YR
ALFALFA 2.4 20 24 143 '172 190 228
PAsTure 2.4 30 36 207 248 183 220
WaLNuTs 1.6 72 58 178 142 740 592
Deciouous T4 20 14 20 14 25 18
CitrRus & Avocapos 1.4 3990 2793 oL87 6641 6760 Lozp
TRUGK 1.2 - - 359 215 739 L4z
TOTALS 2957 7644 6440
VOLUME OF MUNICIPAL SEWAGE - 250 850

(acreE-FEET IN 1958)

AF/vrR = ACRE-FEET PER YEAR



CHAPTER VI

A PLAN FOR GROUND WATER MANAGEMENT

INTRODUGTION

FACILITIES.

ULTIMATE WATER REQU!I REMENTS, FULL RECOGNITION

tMPORTED

THE OBJECTIVE OF THE PLAN
L THE DISTRICT'S GROUND WATER PROBLEMS.

R PROVIDE MAXIMUM FLEXIBILITY

WATER WILL BE REQUIRED

IS TO PROVIDE A WORKABLE SOLUTION TO
IN ADDITION, AN ATTEMPT IS MADE TO

IN THE OPERATION OF EXISTING AND PLANNED

As DisTriCT WATER SUPPLIES ARE NOT SUFFICIENT TO PROVIDE FOR

IS GIVEN TO THE FACT THAT

IN AS LITTLE as 15 or 20 yYEARS.

THE MAJOR PROBLEMS OF THE DiSTRICT ARE AS FoLLOWS:

(1)
(2)

, A LESSER EXTENT,

: (3)

HiéH WATER-TABLE

ADVERSE SALT BALANGCE

ExisTinGg anD FUTURE OVERDRAFTS ON THE COASTAL PLAING

IN FILLMORE AND SaNTA PauLa Basins, anD TO
iN PIrru Basing

CONDITIONS PRODUCED OR AGGRAVATED BY STREAMBED

RESERVOIR RELEASES.

EXISTING

AND FUTURE OVERDRAFTS

A SUMMARY OF Ex|

PLAIN IS GIVEN IN TasLE VI

OVERDRAFT ON THE OXNARD PLAIN MIGHT sEEM,

WITH THE UNDOUBTED INTRUSI

- HuenEME. YeT,

AVERAGE OVERDRAFT

ON A LONG=TERM BASIS,

STING AND FUTURE OVERDRAFTS ON THE COASTAL

-1. THe SUGGESTION THAT THERE {S NO CURRENT

GROSSLY

AT FIRST, INCONSISTENT

ON OF SEA WATER INTO THE OXNARD AQUIFER AT PorT

THIS SUGGESTION

IS JUSTIFIED., THE

IN THE OXNARD PLAIN = Mounp Basin AREA FOR THE

REPRESENTATIVE RAINFALL PERIOD 1936-57 waS ESTIMATED To BE 13, 9OO ACRE-

FEET PER YEAR. WITH THE ¢
RIVER SYSTEM BY THE DISTR!
OXNARD PLAIN AN AVERAGE AN

! OFFSETS THIS OVERDRAFT.

INTRUSION HAS BEEN MASKED
J ACCOMPANYING HIGH PUMPING

|
L A VIEWPOINT CAN IN NO WAY

WHICH 1S TAKING PLACE. As

i -THERE WILL AGAIN BE OVERDRAFT, JUST AS THERE WAS

OF THE SaNTa Fevicia Dam -

THOUGH MUCH LESS

OMPLETION OF THE SaNTA FELIcia DaM - LOWER
CT IN 1955, THERE WAS MADE AVAILABLE To THE

NUAL supPPLY oF 20,200 ACRE=~FEET, WHICH MORE THAN

THE LONG~TERM SIGNIFICANCE OF THE SEA-WATER

BY THE EFFECTS OF PROLONGED BROUGHT, WITH

-SR-S ] oS g e e (] WEVER ol L
[ NO SUBNORMAL RECHARGE. MOWEVER, SUGCH

THE SERIOUSNESS OF THE ACTUAL INTRUSJON

PROGRESSIVELY INCREASES,

AVERAGE ANNUAL DEMAND
PRIOR TO THE CONSTRUCTI!ON
LOWER RIVER SYSTEM FACILITIES.

AN

IMMED 1 ATE PROBLEM, THE LARGEST CURRENT
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TABLE VI-1. OVERDRAFTS ON THE .COASTAL PLAIN

AVERAGE
AREA 193657 CURRENT 1970 1980

OXNARD PLAIN - MOUND BASIN 13,900 NONE 11,8001 15,000"

FOX CANYON AQUIFER IN

PLEASANT VALLEY 19,000 16 ,400° 17, 400"

SANTA FELICIA DAM AND LOWER RIVER SYSTEM OPERATING AND SUPFLYING AN
AVERAGE OF 20,200 ACRE-FEET PER YEAR TO MONTALVO BASIN.

SANTA FELICIA DAM AND LOWER RIVER SYSTEM OPERATING AND SUPPLYING AN
AVERAGE OF 8,300 ACRE-FEET PER YEAR TO PLEASANT VALLEY AREA.



BRI

OVERDRAFT IS ON THE Fox CANYON AQUIFER IN PLEASANT VALLEY. THIS OVERDRAFT
WILL BE EASED WITHIN THE NEXT TWO YEARS WHEN THE DISTRIBUTION SYSTEM OF
THE PLEASANT VaLLEY COoUNTY WATER DISTRICT s BUILT. .  SCHEDULED DELIVERIES
FROM THE MONTALVO BASIN WILL AVERAGE 8,300 ACRE-FEET PER YEAR. AFTER
THIS INITIAL DECREASE, OVERDRAFT WILL AGAIN RISE,

THE EXISTING FACILITIES OF THE DISTRICT DO NOT SUPPLY ENOUGH
WATER fo OFFSET COMPLETELY THE CURRENT OVERDRAFT. THERE IS AN URGENT NEED
TO INCREASE SAFE YIELD BY SURFACE STORAGE ON SESPE CREEK,
ADVERSE SALT BALANCE

THE DETAILED SALT-BALANCE STUDY SUMMARIZED IN CHAPTER V sSHows
THAT SALTS ARE ACGUMULATING [N THE FILLMORE AND SANTA PauLa Basins anp,
TO A LESSER EXTENT, IN THE PIRU BasinN. AS POINTED OUT, THE HIGHER
SALINITY WATERS ARE PRIMARILY IRRIGATION RETURN WATERS. I|F LARGE QUANTITIES
OF THESE WATERS COULD BE COLLECTED AND EXPORTED FROM THE BASINS, THE
ADVERSE SALT=BALANCE PROBLEM COULD BE SOLVED; HOWEVER, SUCH A COLLECTION
SYSTEM WOULD BE (MPOSS{BLE. THE ONLY FEASIBLE WAY TO REMOVE ADDITIONAL
SALT FROM THE BASINS IS TO PUMP WATER, PREFERABLY FROM THE LOWER END OF
THE BASIN, AND EXPORT IT. THE OVERALL OBJECTIVE 1S TO CAUSE WATER TO
CIRCULATE THROUGH THE BASINS AT A FASTER RATE. RECHARGE To THE GROUND
WATER BASINS FROM FLOOD WATERS OR STREAMBED RESERVOIR RELEASES OCCURS
ONLY ALONG THE RELATIVELY NARROW STRIPS OF RECENT ALLUVIUM, As a REsSULT
OF THIS STREAM PERCOLATION A GROUND WATER RIDGE IS.BUILT UP BENEATH THE
ALLUVIAL STRIP. UNDERGROUND FLOW IS AWAY FROM THE STREAM CHANNEL TOWARD
BOTH SIDES OF THE BASIN. THE GROUND WATERS AWAY FROM THE STREAM TEND TO
BE PUSHED FARTHER AWAY FROM THE STREAM. THIS RESULTS IN A BYPASSING, BUT
NOT FLUSHING, OF WATERS WHICH LIKELY HAVE BEEN DETERIORATED BY {RRIGAT}|ON
RETURNs ACTUALLY THESE POOR QUALITY BYPASSED WATERS ARE MOVING DOWNSTREAM,
BUT VERY SLOWLY. PUMPING [N THE STREAM CHANNEL WILL INCREASE THE WATER=-
TABLE SLOPES AND ALLOW THESE WATERS TO MOVE GUT OF THEIR SEMI-TRAPPED
POSITIONS.

THE WATER PUMPED MUST BSE EXPORTED. WATER PUMPED FROM THE LOWER
ENDS OF SaNTA PAULA AND FILLMORE BASINS WOULD HAVE TQ BE CARRIED BY
PIPELINE AT LEAST AS FAR WEST AS SaTicovy. [F PUMPING WERE GCOMMENCED SOON
THE wATER WOULD BE OF ACCEPTABLE QUALITY FOR [RRIGATION PURPOSES. AS SALTS

ARE GCONTINUING TO ACCUMULATE, A LONG DELAY [N THE START OF THE PUMPING
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WOULD MEAN THAT THE WATER PUMPED WOULD BE OF HIGHER AVERAGE SALINITY.
HIGH WATER-TABLE CONDITIONS

OPERATING SURFACGE STORAGE ON PiRU aAND SespPe GCREEKS To MAX LML ZE
SPREADING DIVERS|ONS AT SATICOY REQUIRES THAT THE RELEASES BE AT A HIGH
RATE. IN A WET YEAR SUGH AS 1957-58 WATER LEVELS IN THE BASINS RISE
SHARPLY FROM PERCOLAT!ON OF UNCONTROLLED FLOOD FLOWS AND THERE IS RISING
WATER AT THE LOWER ENDS OF THE BASINS. STREAMBED RESERVOIR RELEASES MAY
AGGRAVATE THE HIGH WATER-TABLE GONDITIONS THAT NORMALLY OCCUR N THE
LOWER ENDS OF THE BASINS DURING WET YEARS. |F RELEASES COULD BE DEL}VERED
THROUGH THE BASINS BY PIPELINE, THESE HIGH-WATER TABLE CONDITIONS, WITH

THE HELP OF THE SALT-BALANCE PUMPING, COULD BE REL|EVED CONSIDERABLY,
ELEMENTS OF THE PLAN

MAIN PIPELINE DOWN SANTA CLARA RIVER VALLEY

THIS PIPELINE wOULD PERMIT DIRECT DELIVERIES OF SanTa FeELICIA
WATER TO MONTALVO BASIN SPREADING GROUNDS OR TO DOMESTIC OR IRRIGATI!ON
Lines (PLaTE 33), CONSIDERATION SHOULD BE GIVEN TO MAKING THIS PIPELINE
OF SUFFICIENT SIZE FOR THE DELIVERY OF FEATHER RIVER WATER, IF ARRANGEMENTS
CAN BE MADE FOR DELIVERY OF THIS WATER T0 PIRU LAKE. THOUGH NOT
ESSENTIAL To THE OPERATION OF THE PLAN, THE DELIVERY OF FEATHER RIVER WATER
To PiRU LAKE wWoULD GREATLY ENHANGE ITS FLEXIBILITYs TO PERMIT GONTROL
OF HIGH WATER~TABLE CONDITIONS IN THE LOWER ENDS OF THE BASINS, RESERVOIR
RELEASES COULD BE ALLOWED TO BYPASS THE BASINS |N THIS PIPELINE,
SURFACE STORAGE ON SESPE CREEK

THE CURRENT AND FUTURE OVERDRAFTS IN THE DiSTRICT POINT UP THE
NECESSITY FOR SURFACE STORAGE ON SESPE CREEK TO DEVELOP ADDITIONAL SAFE
YIELD AT REASONABLE COST. '
FEEDER FROM SESPE GORGE TO MAIN PIPELINE

ReLEASES FROM SURFACE STORAGE ON SESPE CREEK couLbD BE DIVERTED

NEAR THE GAGING

D

STATION AND DELIVERED THROUGH A BRANCH PIPELINE TO THE
MAIN PIPELINE. THIS FEEDER WILL PERMIT FILLMORE BASIN To BE BYPASSED WITH
SesPE CREEK RELEASES, [F OPERATIONAL OBJECTIVES DEEM TH!S ADVI{SABLE,
WELLS AT LOWER END OF FILLMORE BASIN

WATER PUMPED TO IMPROVE SALT BALANCE IN THE FILLMORE BasIN
COULD BE EXPORTED To MoONTALvVe Basin IN THE MAIN PIPELINE. |F PUMPING WERE

COMMENCED SOON, THIS WATER WOULD BE OF ACCEPTABLE CHEMICAL QUALITY FOR
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PLATE 33

= == = 'UWCD BOUNDARY
'GROUND . WATER BASIN BOUNDARY
UWCD DISTRIBUTION LINES

UWCD PROPOSED PIPELINE

RROPOSED SANTA CLARA RIVER MAIN PIPELINE

UWCD EXISTING OR PROPOSED WATER SERVICE AREAS

'

SANTA PAULA
BASIN SALT-

; ' BALANCE
f ‘ PUMPING ¢
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USE ON THE OXNARD PLAIN AND IN PLEASANT VALLEY, ESPEC!IALLY FOR IRRIGATION
PURPOSES. BY BLENDING WITH WATER FROM RESERVOIR RELEASES AND THE FEATHER
RIVER PROJECT A GOOD QUALITY M[XTURE GOULD BE OBTAINED. WITH THE oPTION
oF BYPAég;NG RESERVOIR RELEASES, AND WITH SALT= sALAECE PUMP]E&,~A cooo
MEASURE OF CONTROL COULD BE OBTAINED ON HIGH WATER~TABLE PROBLEMS., .
WELLS AT LOWER END OF SANTA PAULA BASIN

WATER PUMPED FOR SALT~BALANGE GCONTROL IN THE LOWER END OF THE
SANTA PAULA BASIN COULD BE DELIVERED THROUGH THE MAIN PIPELINE TO THE
MoNTALVO BAsiN. THE OPPORTUNITIES FOR UPGRADING QUALITY BY BLENDING WITH
RESERVOIR RELEASE WATER, AND FOR CONTROL OF HIGH WATER TABLES ARE ALMOST
AS GOOD AS IN THE FiLLMORE Basin.
WELLS TO THE FOX CANYON AQUIFER

To MAKE AVAILABLE TO THE OXNARD PLAIN A SOURGCE OF SUPPLEMENTARY
WATER DURING THE PRESENT PROLONGED DROUGHT PER!OD AND BEYOND [F NECESSARY,
!T 1S PROPOSED THAT WELLS BE DRILLED TO THE Fox CANYON AQUIFER IN THE
MonNTAaLVO Basin. THxs WATER CAN BE TRANSPORTED TO AREAS NEAR THE COAéT IN
ORDER TO RELIEVE THE PUMPING DEMANDS ON THE OXNARD AQUIFER.
ADDITIONAL DISTRIBUTION FACILITIES ON THE COASTAL PLAIN

WATER PUMPED FROM THE OXNARD AQUIFER AT THE EL ‘R10 SPREADING
GROUNDS IS CURRENTLY BEING SUPPLIED TO THE CITIES oF OXNARD AND PORT
HUENEME, AND TO THE HUENEME NAvaL BaSE. A BRANGCH LINE 1S PLANNED, TO
SERVE THE Mucu NavaL Base. WITHIN TWO YEARS THERE wWilLL BE DISTRIBUTION
FACILITIES IN THE PLEASANT VaLLEY COUNTY WATER DISTRICT; THIS AREA WILL
BE SERVED FROM THE MONTALVO BASIN THROUGH THE AGRICULTURAL LINE BUILT
By THE DIsTrICT IN 1955. THE PrOPOSED OCEAN VIEWw WATER STorRaGE DiIsTRICT
IS EXPECTED TO PROVIDE DISTRIBUTION FACILITIES OVER ANOTHER LARGE AREA OF
THE COASTAL PLAIN, |N ADDITION TO THE CONSTRUCTED AND PROPOSED DISTRIBUTION
FACILITIES, ADDITIONAL FACILITIES SHOULD BE BUILT TO SERVE THE REMAINING
COASTAL AREAS.

GROUND WATER MANAGEMENT

PIRU BASIN

IN THE Piru Basin THERE APPEARS TO BE A RATHER SMALL ADVERSE
SALT BALANCE, THE RELATIVELY GOOD SALT-BALANCE CONDIT!ON MAY BE ATTRIBUTED
TO THE FACT THAT THERE IS A LARGE OUT UNDERFLOW AND CONSI!DERABLE PUMP I NG

FOR EXPORT AT THE LOWER BASIN BOUNDARY., THERE ARE LOCAL AREAS OF WELL=-
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WATER DETERIORATION, AND A RATHER SEVERE QUALITY PROBLEM IN THE EASTERN
PART OF THE BASIN. WATER sHoOULD BE MADE AVAILABLE IN THE MAIN PIPELINE
TO HELP WITH THESE LOCAL WATER QUALITY PROBLEMS,. -FuTure PUMP NG "NEAR THE
LOWER BASIN BOUNDARY TO IMPROVE SALT BALANCE MAY BE JUSTIFI{ED SucH

PUMPING, COMBINED WIiTH BYPASSED RESERVOIR RELEASES, WOULD HELP CONTROL HIGH

WATER=TABLE PROBLEMS.

FILLMORE BASIN

THERE 1S A PRONOUNCED ADVERSE SALT BALANCE IN THE FiLLMore Basin,
ALTHOUGH WELL~WATER DETERIORATION [S RELATED PRIMARILY TO [RRIGATION RETURN
WATER, EXTENSIVE AREAS OF PHREATOPHYTES CONTRIBUTE TO THE SALT ACCUMULATION
PROBLEM. LOCAL WELL-WATER DETERIORATION OCCURS IN A FEW PLACES IN THE
SesPe UPLAND, OVER MUCH OF THE PoLE GCREEK FAN, AND IN LARGE AREAS SOUTH
OF THE SANTA CLARA RIVER. SALT~BALANCE PUMPING AND EXPORT THROUGH THE
MAIN PIPELINE SHOULD AVERAGE AT LEAST 6000 ACRE-FEET PER YEARe A HIGHER
RATE OF PUMPING WILL PRODUGE AN ACCELERATED RATE OF IMPROVEMENT, A SERIOUS
PROBLEM IS BEING EXPERIENCED BY THE CITY OF FILLMORE, BOTH IN OBTAINING
DOMESTIC WATER OF GOOD QUALITY AND IN KEEPING THE EFFLUENT FROM THE NEW
MUNICIPAL SEWAGE TREATMENT PLANT WITHIN THE QUALITY LIMITS SPECIFIED BY
THE REGIoNaL WATER PoLLUTIioN CONTROL BoaArRD. GOOD QUALITY WATER FROM THE
RESERVOIRS SHOULD BE MADE AVAILABLE TO THE CITY OF FILLMORE FROM THE MAIN
PIPELINE AND FROM THE SEsSPE CREEK. FEEDER. THE RESERVO!R WATER SHOULD ALSO
BE MADE AVAILABLE TO ASSIST WITH THE SEVERE QUALITY PROBLEMS ON THE SOUTH
SIDE OF THE RIVER. HIGH WATER-TABLE PROBLEMS AT THE LOWER END OF THE
BASIN CAN BE CONTROLLED THROUGH THE BYPASSING OF RESERVOIR RELEASES COMBI[NED
WITH THE SALT=DBALANGE PuﬁPiNG.

SANTA PAULA BASIN

THE SALT~DALANCE CALCULATIONS INDIGATE THAT SALT ACCUMULATION IN
THE SANTA PauLa BASIN IS EVEN MORE SERIOUS THAN tN THE FILLMORE Basin.
SALT=BALANCE PUMPING AT THE LOWER END OF THE SANTA PAULA BASIN SHOULD AVERAGE
AT LEAST 9000 AGCRE~FEET PER YEAR. A HIGHER RATE OF PUMPING WOULD ACCELERATE
THE IMPROVEMENT. THIS WATER COULD BE PUT lNTO'THE MAIN PIPELINE AND
EXPORTED.

Like THE CiTY OF FiLimore, THE CiTy oF SANTA PAULA HAS BEEN
EXPERIENCING DIFFICULTIES WITH THE QUALITY OF DOMESTIGC WATERS, AND IN

MEETING SEWAGE EFFLUENT REQUIREMENTS. DIRECT RESERVOIR RELEASES IN THE
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MAIN PIPELINE COULD DE MADE AVAILABLE TO THE CITY OF SANTA PAULA JUST ABOVE
THE DELIVERY POINT OF THE FILLMORE BASIN SALT=BALANGE PUMPAGE. WaTER
SHOULD ALSO DE MADE AVAILABLE ALONG THE MAIN PIPELINE TO USE IN LOGCAL

AREAS OF WELL-WATER DETERIORATION.

MONTALVO BASIN

THE MoNTALVO BASIN IS THE CENTER OF THE GROUND WATER MANAGEMENT
PLAN. WATER DELIVERED FROM UPSTREAM THROUGH THE MAIN PIPELINE CAN BE
DIRECTED TO THE SATICOY OR EL R{0 SPREADING GROUNDS, OR DELIVERED THROUGH
EXISTING, PROPOSED, AND RECOMMENDED MUNICIPAL AND AGRICULTURAL LINES. THE
ADDITIONAL SAFE YIELD FROM SURFACE STORAGE ON SESPE CREEK, AND THE
INCIDENTAL SAFE YIELD DERIVED FROM THE SALT-BALANCE PUMPING WOULD ALMOST
OFFSET ANTICIPATED OVERDRAFTS UNTIL THE ARRIVAL OF FEATHER RIVER WATER.
THE ADDITIONAL WATER REQUIRED COULD BE MET DY MODEST WITHDRAWALS FROM
STORAGE IN THE Fox CANYON AQUIFER.

BeEcAUusE OF GREAT FLEXIBILITY IN BLENDING, THE WATER DELIVERED
THROUGH THE MAIN PIPELINE COULD BE MAINTAINED AT A GOOD QUALITY LEVEL AT
ALL TIMES. IN ABDITION TO BLENDING, "SLUG-TYPE!" DEL[VERIES COULD BE MADE,
FOR EXAMPLE, UNBLENDED HIGH QUALITY RESERVO (R RELEASES COULD BE SPREAD AT
THE EL RI0 SPREADING GROUNDS DURING LOW DEMAND PERIODS THEN PUMPED OUT
SEVERAL MONTHS LATER DY THE PRODUGCTION WELLS ON THE SOUTHWEST SIDE OF THE
SPREADING GROUNDS. THE BETTER QUALITY Fox CANYON WATERS GOULD BE PUMPED

FOR DIRECT DELIVERIES OR FOR GLENDING PURPOSES.,

MOUND BASIN

THE MouND BASIN OFFERS RELATIVELY FEW OPPORTUNITIES FOR DIRECT
GROUND WATER MANAGEMENT. THERE IS A MODERATE OVERDRAFT AT THE PRESENT T|ME,
WITH ACCOMPANYING INTRUSION OF SEA WATER INTO THE SEAWARD EXTENSIONS OF THE
BASAL UPPER PLEISTOCENE AQUIFERS. WATER QUALITY AVERAGES SOMEWHAT POORER
THAN IN THE OTHER DiSTRICT DBASINS. As THE CITY oF VENTURA EXPANDS INTO THE
MouND BASiIN, IT IS EXPECTED THAT INCREASINGLY MCRE WATER WiLL BE SUPPLIED
FROM C1TY SOURCES AND DELIVERED TO THE NEWLY ANNEXED AREAS. BECAUSE OF THE
INFERIOR QUALITY OF THE WATER IN THE CITY OF VENTURA'S BEACH WELLS, IT 18
ANTICIPATED THAT THE CiTY'sS DRAFT ON THE MouNnD BASIN WiLL DECREASE {N THE
NEAR FUTURE AS THE BETTER QUALITY GRAVITY WATER FROM CAS|TAS ReEsgervoiIRrR 1Is
MADE AVAILABLE. THE SUPPLiES FROM CASITAS RESERVOIR ARE EXPECTED TO BE ADE-

QUATE UNTIL AFTER 1980, THERE Is A HiGH PROBABILITY THAT THE MouND BasIN wiLL
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EXPERIENCE NO SUBSTANTIAL INCREASE IN OVERDRAFT PRIOR TO 1980. IF waTer

OF BETTER QUALITY WERE DESIRED IN PARTS OF THE MounD BAS!N, IT COULD BE

DELIVERED FROM THE MONTALVO Basin THROUGH EXISTING P{PELINES" GR NEW

DISTRIBUTION FACILITIES.

OXNARD AQUIFER

SEA=WATER INTRUSION INTO THE OXNARD AQUIFER NEAR PORT HuenEME

IS THE MOST SERIOUS GROUND WATER PROBLEM [N THE DistricT, THIS 1S CAUSED

BY EXCESSIVE PUMPING DRAFT AND AGGRAVATED BY SUBNORMAL DROUGHT RECHARGE,

IT 1s ESSENTIAL THAT SEA-~WATER INTRUSION INTO THE OXNARD AQUIFER BE

STOPFED,

.

AND THAT STEPS BE TAKEN TO REVERSE THE LANDWARD MOVEMENT OF THE

SEA-WATER WEDGE. To acHIEVE SUCH AN OBJECTIVE, SEVERAL PROCEDURES HAVE

BEEN CONSIDERED:

(1) INCREASING UNDERFLOW FRoMm THE MonTALVO Basing

(2) CREATION OF A FRESH=WATER BARRIER BY
. THE INTRUDED AREA;

INJECTION WELLS LANDWARD FROM

(3) REDUCING PUMPING DRAFT.

THE‘POSSIBILITIES OF INCREASING UNDERFLOW ARE RESTRICTED BY THE LIMITED

TRANSMISSIBILITY oF THE OXNARD AQUIFER AND RECENTLY BY THE SUBNORMAL
SUPPLIES OF WATER AVAILABLE FOR REPLENISHING THE MONTALVO Basin. THE
UNCOOPERATIVE CLIMATIC CYCLE HAS NOT PERMITTEDbTHE DisTrRICT TO OPERATE THE
>SANTA FELICiA~LOWER RIVER FACILITIES TO MAXIMUM ADVANTAGE.

WITH A RETURN

TO WETTER CONDITIONS, LARGE SUPPLIES WILL BE AVAILABLE FOR SPREADING [N

THE MoNTALvVO BAaSiN.

THE CREATION OF A FRESH-WATER BARRIER BY A LINE OF INJECTION

WELLS SIMILAR TO THOSE IN THE WEST BaSiN oF THE LoS ANGELES GCOASTAL PLAIN

HAS BEEN CONSIDERED AS A MEANS OF CURBING SEA-WATER INTRUSION AT PoRT

HueneEME. To ENCIRCLE THE EXISTING SEA~WATER WEDGE WOULD REQUIRE A LINE

OF INJECTION WELLS ALMOST SIX MILES LONG. CaPITAL coOSTS FOR THE WEST

BASIN PROJECT HAVE AMOUNTED TO #186,000 per MiLE. Tue RECHARGE LINE AT
PORT HUENEME wWOULD COST NEARLY $1,000,000. 1IN aDDITION ToO THIS WOULD BE
THE COST OF WATER BROUGHT FROM INLAND AREAS FOR INJEGTION. [T IS VERY

DOUBTFUL THAT THE COSTS OF SUGCH A PROJECT COULD BE JUSTI!FIED.,

THE MosT FEASIBLE MEANS OF ALLEVIATING THIS BEA-WATER INTRUSION
IS BY A REDUGTION OF PUMPING IN THE COASTAL AREAS AND SUPPLYING THESE

DEMANDS BY WATER BROUGHT FROM INLAND« DisTrRiBUTION LINES FROM THE EL Rio
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SPREADING GROUNDS ARE CURRENTLY SUPPLYING WATER TO THE CiTieEs oF OxNARD
AND PORT HUENEME, AND To HUENEME NavaL BASE. ANOTHER LINE IN THE PLANNING

STAGES WILL SERVE THE MuGu NavaL BasEe. JUST RECENTLY THE OcEAN ViEw WATER

STORAGE DisTrRicT was ORGANIZEDS; IT 1S PLANNING A SERIES OF DISTRIBUTION

LINES OVER A LARGE COASTAL PORTION OF THE OXNARD AQUIFER. THE REMAINING
AREAS OVERLYING THE COASTAL PORTIONS OF THE OXNARD AQUIFER SHOULD BE
ENCOURAGED TO FORM ORGANIZATIONS FOR THE DISTRIBUTION OF WATER DELIVERED
FROM INLAND.,
THE SOURCES OF INLAND WATER USED WHEN AVAILABLE ARE AS FOLLOWS:

(1) DIVERSIONS OF RISING WATER AT SaTicovy;

(2) bpiIvERSIONS OF STREAMBED RELEASES FROM SANTA FELICIA Dam;

(3) PUMPAGE FROM THE OXNARD AQUIFER IN THE MoNTALvVO BaASiN.
BECAUSE THESE SUPPLIES MIGHT NOT ALWAYS BE AVAILABLE IN THE AMOUNTS NEEDED,
{T 1S RECOMMENDED THAT WELLS BE DRILLED TO THE Fox CANYON AQUIFER IN THE

MoNTALVO BASIN TO PROVIDE a SUPPLEMENTARY SUPPLY, WHEN -RECOMMENDED

UPSTREAM FACILITIES ARE BUILT, THE ADDITIONAL WATER COULD BE SUPPLIED

THROUGH THE MAIN PIPELINE FROM SANTA FELIGIA Dam, SeEspeE CREEK SURFACE

STORAGE, AND THE SALT-~BALANCE PUMPING.

CONSIDERATION HAS ALSO BEEN GIVEN TO THE POSSIBILITY OF MAKING

UNDERGROUND STORAGE AVAILABLE N THE SEMI-PERCHED ZONE SO THAT ADDITIONAL

FLOOD WATHRS COULD BE SPREADe THIS WOULD HAVE TO BE ACCOMPL |SHED BY
PUMPING FROM SHALLOW WELLS. UNLESS A USE COULD BE FOUND FOR THE BRACKISH
WATERSy THEY WOULD HAVE TO BE EXPORTED TO THE OGEAN. THE WATER GOULD
POSSIBLY BE USED IN AN EXPERIMENTAL PLANT DESIGNEQ To CONVERT BRACKISH
WATER TO FRESH WATER. THE AMOUNT OF WATER SUCH A PLANT COULD USE WOULD
NOT EQUAL THE AMOUNT DERIVED FROM IRRIGATION RETURN (EVEN AFTER AN
ALLOWANCE FOR THE DOWNWARD LEAKAGE TO THE OXNARD AQUIFER). JUSTIFYING
THE COSTS OF PUMPING AND EXPORTING, AND MAINTAINING AVAILABLE STORAGE
CAPAC[TY WOULD ALL BE DIFFICULT.
FOX CANYON AQUIFER

THE Fox Canyon AQUIFER IS HEAVILY PUMPED N PLEASANT VaLLEY.
CURRENT OVERDRAFT IS ESTIMATED AS 19,000 ACRE~FEET PER YEAR. A PORTION
OF THIS OVERDRAFT WILL SOON BE OFFSET BY DEL({VERIES FROM THE MoNTaLVO
BasIN To THE PLEASANT VaLLEY CounTy WATER DISTRICT IN THE AVERAGE AMOUNT

oF 8300 ACRE~FEET PER YEARe. ALTHOUGH ON THE OXNARD PLAIN THE PUMPING FROM
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THE Fox CANYON AQUIFER HAS BEEN MINOR, THERE !S LITTLE, IF ANY, UNUSED

SAFE YIELDs. FURTHERMORE, UNLIKE THE OXNARD AQUIFER, THERE IS NO POSSIBILITY
OF . .SUBSTANTIALLY INCREASING RECHARGE TO THE Fox CANYON AQUIFER. THE
MANAGEMENT OF THESE TWO AQU!FERS REQUIRES COMPLETELY DIFFERENT APPROAGCHES.
THE Fox CANYON AQUIFER IS MOST PRACTICALLY VIEWED AS A VERY LARGE RESERVE

OF GROUND WATER. THE FRESH WATER>iN STORAGE IN THE Fox CANYON AQUIFER
BENEATH THE OxNARD PLAIN, MONTALVG Basin, aND PLEASANT VALLEY IS ESTIMATED
AS 6 MILLION ACRE-FEET. ADDITIONAL LARGE VOLUMES OF FRESH WATER ARE STORED
IN THE SUBSEA EXTENSIONS. A LARGE PERCENTAGE OF THIS WATER CAN BE
RECOVERED; IT IS ENTIRELY PRAGTICABLE AND FEASIBLE TO DO S0. FOR MANY YEARS
WATER HAS BEEN DRAWN FROM STORAGE IN THE Fox CANYON AQUIFER BY PUMPING IN
PLEASANT VALLEY, AND No Fox CANYON WELL HAS YET SEEN INTRUDED BY SEA WATER,
NEVERTHELESS, IN ALL PROBABILITY SEA=WATER INVASION HAS ALREADY STARTED

IN THE AQUIFER'S SUBSEA EXTENS!ONS.

IT IS RECOMMENDED THAT A SMALL PORT!ION OF THE WATER STORED iN
THE Fox CANYON AQUIFER BE PUMPED TO HELP RELIEVE THE HEAVY DRAFT ON THE
OXNARD AQUIFER. TO MINIMIZE THE EFFECT OF THIS PUMPING'S CONTRIBUTION
TOWARD INDUC!NG SEA-WATER INTRUSION, THE WELLS SHOULD BE LOCATED FAR
INLAND=IN THE MONTALVO BASIN. THE QUALITY OF THIS WATER WILL BE
APPREC1ABLY BETTER THAN MOST WATERS IN THE OXNARD AQUIFER. BY.DRAWING
MODESTLY ON THESE Fox CANYON RESERVES, SUPPLEMENTAL WATER CAN BE MADE
AVAILABLE FOR ALL USES ON THE COASTAL PLAIN OF THE DISTRICT UNTIL THE
ARRIVAL OF FEATHER RIVER WATER.

No RECOMMENDATION IS MADE THAT THESE RESERVES BE WlTHDRAWN
INDISCRIMINATELY. THIS PUMPING CAN NOT SUBSTITUTE FOR WATER FROM SAFE
YIELD SOURCES., EVEgv EFFORT SHOULD BE MADE TO DEVELOP ALL ECONOMICALLY
FEASIBLE UPSTREAM sGRFACE STORAGE. EVENTUALLY, SUPPLEMENTAL SAFE YIELD
WATER WILL BE REQUlé;D FROM THE FEATHER RIVER PROJEGT. UNTIL THE ARRIVAL
oF FEATHER RiVER WATER, AVAILABLE SAFE Y!ELD SUPPLIES SUPPLEMENTED BY A

MODEST DRAFT ON VERY LARGE RESERVES, COULD SUPPLY ALL DISTRICT NEEDS.
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APPENDICES

GLOSSARY

AcrRE-F00T. ONE ACRE-FOOT Is THE AMOUNT OF WATER REQUIRED TO COVER 1
ACRE 1 FOOT IN DEPTH = 43,560 cusic FeeT = 325,851 eaLLons =
25,2083 MInNER'S INCH DAYs. ONE ACRE=-FOOT OF WATER WITH A TOTAL
DISSOLVED SOLIDS CONCENTRATION OF 735 PARTS PER MILL{ON CONTAINS

-

I TON OF DISSOLVED SALTS. OnE ACRE-FQOT OF oL FIELD LIQUID =

7764 BarreLs, )

ALKALINE. WATER oOR SOILS WHICH COMTAIN A SUFFICIENT AMOUNT OF ALKAL}
OZRACYNE
suBsSTANCES {SaLTs orf SODIUM, POTASSIUM, MAGNES{UM AND CALC!lUM)

PRESENT TO RAISE THE PH-vaLuE ABOVE 7.0, OR TO BE HARMFUL ToO THE
GROWTH OF CROPS.,

ALLuviaL Fan. A BcoY oF ALLUVIAL MATER] AL DEPOSITED B8Y A SWIFT TRIBUTARY
STREAM FLOWING DOWN FROM A HIGH LAND ON TO A WIDE AND NEARLY LEVEL

VALLEY FLOOR., THE FAN BUILDS UP RADIALLY OUTWARD FROM THE POINT AT
WHICH THE TRIBUTARY EMERGES.

ALLuUviIuM, STREAM DEPOSITS OF COMPARATIVELY RECENT GEOLOQOGIC TIME.,
——

ANTICLINE. A FoLD oR ARCH OF ROCK STRATA DIPPING IN OPPOSITE DIRECTIONS
—— e,
FROM AN AXIS,

AQUIFER. A GEOLOGIC FORMATION OR STRUCTURE THAT TRANSM|TS WATER 1IN
—————
SUFFICIENT QUANTITY TO SUPPLY PUMPING WELLS OR SPRINGS,

ARTES I AN HEaD (PRESSURE). THE WATER LEVEL IN A WELL WHICH TAPS A CONFINED
AQUIFER WILL EITHER STAND ABOVE THE WATER TAGLE (POSITIVE ARTES | AN
HEAD) OR FALL BELOW THE WATER TABLE (NEGATIVE ARTES |} AN HEAD)-

Ax 1 aL TRACE. THE INTERSECTION OF THE AXTAL PLANE OF A FOLD WITH THE GROUND"
SURFACE.

BAase PeEriob. A rEmiOD CHOSEN FOR DETAILED HYDROLOG/GC ANALYSIS BECAUSE
PREVAILING CONDITIONS OF WATER SUPPLY AND CLIMATE WERE APPROXIMATELY
EQUIVALENT TO MEAN CONDITIONS, AND BECAUSE ADEQUATE DATA FOR SUCH
HYDROLOGIC ANALYS}!S WERE AVAILABLE.

ConFinNnED AQuiFER, AN AQUIFER WHICH 1S SURROUNDED BY FORMATIONS OF LESS
PERMEABLE OR IMPERMEABLE MATERI! AL, WATER 15 UNDER SUFFICIENT HEAD

TO CAUSE IT TO RISE ABOVE THE ZONE OF SATURATION IF THE AQUIFER (S
PENETRATED. ' '

ConsumMPTIVvE UseE ofF WATER. WATER CONSUMED AND EVAPORATED BY vEG

Voo

GROWTH , SO0ILy WATER SURFACES, URBAN AND NONVEGETATIVE TYPE
USEe.

-
H

3>

I

TivE
OoF A

L

»m
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ConnaTE WATER. WATER ENTRAPPED IN THE INTERSTICES OF A SEDIMENTARY ROCK
AT THE TIME THE ROCK WAS DEPOSITED,

CONTAMINATION. IMPAIRMENT OF THE QUALITY oOF WATER BY SEWAGE OR INDUSTRI AL
WASTE TO A DEGREE WHICH CREATES a HAZARD TO PUBLIC HEALTH.



CONTINENTAL DeposiT. SEDIMENTARY DEPOSITS LAID DOWN WITHIN A GENERAL
LAND AREA AND DEPRPOSITED [N LAKES OR STREAMS OR BY THE WIND.

CROSS-SECTION. A PROFILE PORTRAYING AN INTERPRETATION OF A VERTICAL SECTION
OF THE EARTH EXPLORED BY GEOPHYS!CAL AND/QR GEOLOGIGCAL METHODS .,

Cusic FeeT Per Secono (Seconp FEET). ONE CUBIC FoOT PER SECOND IS
EQUIVALENT To 448.83 caLLons per MINUTE, 50 MINERS INCHES (SOUTHERN
CaLIFORNIA), 1.983471 AcRe-FEET PER DAY, OR 723.97 ACRE~FEET PER YEAR.

Cusic FooT. ONE cusic FooT conNTalNs 7.4805 saLLons.

DEGRADATION. IMPAIRMENT OF THE QUALITY OF WATER DUE TO CAUSES OTHER THAN
DISPOSAL OF SEWAGE AND INDUSTRIAL WASTES,

DIASTROPH(SM. THE PROCESSES BY WHICH THE CRUST OF THE EARTH IS DEFORMED,
PRODUCING MOUNTAINS, FLEXURES AND FOLDS oOF STRATA, AND FAULTS,

Dip. THE ANGLE AT WHICH A STRATUM IS INCLINED FROM THE HORIZONTALS

DraG. MiNOR FOLDING OF STRATA ALONG THE WALLS OF A FAULT IN WHICH THE

"DRAG'T OF DISPLACEMENT HAS PRODUCED FLEXURES IN THE BEDS ON EITHER
SIDE.

EFFECTIVE SALINITY. THE RESIDUAL EQUI}IVALENTS PER MILLION (OF CATIONS OR
ANIONS) WHICH CANNOT BE BOUND UP IN THE SALTS OF CALCIUM CARBONATE,
MAGNES UM CARBONATE AND CALCIUM SULFATE.,

EFFLUENT. SEWAGE, WATER, OR OTHER LIQUID, PARTIALLY OR COMPLETELY TREATED,
OR IN ITS NATURAL STATE, FLOWING OUT OF A RESERVOIR, OR TREATMENT
PLANT, OR PART THEREOF.,

ELECTRIC LoGs. THE LoG OF 4 WELL OR BORE HOLE OBTA!NED BY LOWERING
ELECTRODES IN THE HOLE AND MEASURING VARIOUS ELECTRICAL PROPERTIES
OF THE GEOLOGICAL FORMATIONS TRAVERSED.

EVAPOTRANSPIRATION. WATER WITHDRAWN FROM THE SOIL BY EVAPORATION AND
PLANT TRANSPIRATION.

FauLT. A FRACTURE OR FRACTURE ZONE ALONG WHICH THERE HAS BEEN DISPLACEMENT
OF THE TWO SIDES RELATIVE TO ONE ANOTHER PARALLEL TO THE FRACTURE.

FauLT PLaneE. THE SURFACE ALONG WHICH MOVEMENT HAS TAKEN PLACE.,

FAULT Scarr. THE CLIFF FORMED BY A FAULT. MOST FAULT SCARPS HAVE BEEN
MODIFIED BY EROSION SINCE THE FAULTING.

FauLt TrRaceE. THe INTERSECTION OF A FAULT AND THE EARTH'S SURFACE AS REVEALED
BY DISLOCATION OF FENCES AND ROADS, BY RIDGES AND FURROWS IN THE
GROUND, BY DIAGONAL RUFPTURES, ETC.

FauLT TRoOuGH. A RELATIVELY DEPRESSED FAULT BLOCK LYING BETWEEN TWO FAULTS

WITH ROUGHLY PARALLEL STRIKES.

FieLo CaraciTy. THE AMOUNT OF WATER HELD IN A SOIL BY CAPILLARY ACTION

AFTER GRAVITATIONAL WATER HAS PERCOLATED DOWNWARD AND DRAINED AWAY;

EXPRESSED AS THE RATIO OF THE WEIGHT OF WATER RETAINED TO THE WEIGHT
OF DRY SOIL.,

FREE WATER TaBLE. THE SURFACE OF A BODY OF GROUND WATER NOT OVERLAIN BY

IMPERV]QUS MATERIALS, AND MOVING UNDER CONTROL OF THE WATER TABLE SLOPE,



ey

GRAVEL=-PackED WELL., ARTIFICIAL ADDI

TION OF GRADED GRAVEL TO A WELL TO
PRODUCE A NEARLY NATURAL SCREEN BETWEEN THE FORMAT | ON (USUALLY FINE
SAND) AND THE PERFORATED CASING. :

HARDNESS. A CHARAGCTERISTI!GC OF WATER, CHIEFLY DUE TO THE EXISTENGE THERE]N
OF THE CARBONATES 'AND SULFATES OF CALCIUM, [RON AND MAGNESIUM, WHIGH
cAUses "CURDLING" OF WATER WHEN SOAP |S USED, AN INCREASED CONSUMPT]ON
OF S0AP, THE DEPOSIT!ON OF SCALE IN BOILERS, INJURIOUS EFFECTS IN

SOME [INDUSTRIAL PROCESSES,y, AND SOMETIMES ODJECTIONABLE TASTE IN THE
WATER,

HEAD. THE DISTANCE ABOVE OR BELOW THE LAND SURFACE,

TO THE ELEVATION TO
WHICH THE WATER

IN AN ARTES!AN AQUIFER OR GROUND WATER BASIN WOULD

RISE, AT A GIVEN POINT OVER THE AQUIFER OR BASIN, IF FREE TO DO SO.

HyorauLtc ConDUCTIVITY.

THE ABILITY OF A MATERIAL TO TRANSMIT WATER
(sEe PERMEABILITY).

HyorauLlc CONTINUITY. AQUIFERS, GROUND WATER BASINS, OR OTHER HYDRAULIC
SYSTEMS |INTERCONNECTED IN SUFFICIENT DEGREE TO ALLOW THE MOVEMENT OF
GROUND WATER TO OCCUR FROM ONE TO ANOTHER OR PARTS THEREOF .

HypraulLlc GRADIENT. A PROFILE SHOWING THE STATIC LEVEL OF WATER AT ALL
POINTS ON THE PROFILE. THE WATER TABLE REGISTERS THE HYDRAULI{C

GRADIENTS OF FREE GROUND WATER, AND THE PIEZOMETRI|GC SURFACE THOSE OF
CONFINED WATER,

HYDROGRAPH. A GRAPHIC PLOT OF CHANGES
LIonOGRAPH

IN FLOW OF WATER OR IN ELEVAT!{ON
OF WATER LEVEL AGAINST TIME.

IMPERMEABLE.

Having a TEXTURE THAT DOES NOT PERMIT WATER TO MOVE THROUGH
IT PERCEPTIBLY UNDER THE HEAD DIFFERENCES ORDINARILY FOUND

IN SUB~-
SURFACE WATER.

INCOMPETENT SEDIMENTS., MATERI AL WHICH LACKS SUFFIGCIENT FIRMNESS AND

FLEXIBILITY TO TRANSMIT PRESSURE FOR ANY DISTANCE.,

lNFlLTRAT[ON- THE FLow oOF A FLUID INTO A SUBSTANCE THROUGH PORES OR sMALL

OPENINGS; T CONNOTES FLOW INTO A SUBSTANCE RATHER THAN THROUGH A
POROUS SUBSTANCE,

INITIAL FaLL SoiL MolsTure DEFiciENCY.
RESTORE THE S$O0IL TO FIELD CAPAGCITY
(OcToBER 1),

THE aMOUNT oOF WATER REQUIRED TO
AT THE START OF A RUNOFF YEAR

MINER'S INCH. ONE MINER'S INGH is EQUIVALENT To 1/50 oF A sSEcoND FooT

OR APPROXIMATELY 9 GALLONS PER MINUTE. (SOUTHERN CALlFORN[A UNIT)

OVERDRAFT. THE EXTRACTION OF A QUANTITY
PN S

i M

OF WATER FROM A GROUND WATER
BASIN OR AQUIFER [IN EXCESS OF THE SAFE YIELDy RESULTING IN A

DETRIMENTAL DEPLETI{ON OF STORAGE IN THE BASIN,

PeErRcHED WATER., GROUND WATER OCCURRING

IN A SATURATED ZONE SEPARATED FROM
THE MAIN BODY OF GROUND WATER BY UNSATURATED ROCK,

PERCOLATION. FLow oF waTer THROUGH INTERGCONNECTED OFENINGS OF SATURATED

GRANULAR MATERIAL'UNDER HYDRAULIC GRADIENTS COMMONLY DEVELOPED UNDER=-
GROUNDa




————ty

'

PERMEABIL[TY. THE CAPACITY OF A WATER~BEARING MATERIAL TO TRANSMIT WATER.
THE PERMEAGILITY COEFFICIENT (S THE NUMBER OF GALLONS OF WATER PER
DAY THAT IS CONDUCTED LATERALLY THROUGH EACH MILE OF WATER~DBEARING

BED FOR EACH FOOT oOF THICKNESS OF THE BED AND FOR EACH FOOT 'PER MILE
OF HYDRAULIC GRADIENT.

PH. HYDROGEN-ION CONCENTRATION. REPRESENTS THE WE!GHT OF HYDROGEN {ONS
IN GRAMS PER LITER OF SOLUTION AND |S EXPRESSED AS THE NEGATI!VE
LOGARITHM OF THE HYDROGEN |ON CONCENTRATION.

PHREATOPHYTE. PLaANTS THaAT HABITUALLY SEND THE!R ROOTE ToO THE CAPILLARY
FRINGE AND FEED ON GROUND WATER.

PlEzoMETER. A sMaLL DIAMETER PIPE OR CASING DRIVEN INTO THE GROUND FOR
—————— .
MEASURING PRESSURE HEAD.

PlezoMETRIC SURFACE. THE SURFACE TO WHICH THE WATER FROM A G!VEN AQUIFER
WILL RISE UNDER ITS FULL HEAD,

PLUNGE. VERTICAL ANGLE BETWEEN A HORIZONTAL PLANE AND THE MAX{IMUM
ELONGATION OF THE STRUCTURE.

PoLLuTioN, IMPAIRMENT OF THE QUALITY OF WATER BY SEWAGE OR INDUSTRI AL
WASTE TO A DEGREE WHICH DOES NOT CREATE A HAZARD TO PUBLIC HEALTH,

BUT WHICH ADVERSELY AND UNREASONADLY AFFECTS SUCH WATER FOR BENEFJCIAL
USE.

PorosiTy., THE PROPERTY OF A ROCK CONTAIJNING INTERSTICES WITHOUT REGARD
TO SIZE, SHAPE, INTERCONNECTION, OR ARRANGEMENT OF OPENINGS. It 1s
EXPRESSED AS A PERCENTAGE OF TOTAL VOLUME OCCUPIED BY INTERSTI{CES,

PumMpPinNag TROUGH AN IMAGINARY SURFACE INDICATING PRESSURE RELIEF CONDITIONS

IN A CONFINED AQUIFER DUE TO PUMP ING.

ReEverse FauLT. A FauLT aLoNG WHICH THE UPTHROWN BLOGCK IS THRUST ON TOP OF
THE DOWNTHROWN BLOCK.,

RisING WATER. »GROUND WATER FORCED TO THE GROUND SURFACE BY A SUBSURFACE

BARRIER OR CONSTRICTION IN THE TRANSMITTING AQUIFER.,

SAFE YIELD. MaxiMum PERENNIAL RATE OF EXTRACTION OF AN AQUIFER OR GROUND
——

WATER BASIN WITHOUT LOWERING THE WATER LEVELS SO FAR AS TO MAKE
PUMPING UNECONOMICAL, CAUSING A SERIOUS DETER{ORATION OF WATER QUALITY,
OR INTERFERING UNREASONADBLY WITH EXISTING WATER RIGHTS.

SALINITY. CONCENTRATION OF DISSOLVED SALTS IN A SOLUTICN,y USUALLY MEASURED

BY SPECIFIC ELECTRICAL CONDUCTANCE.

SEA~WATER WEDGE. WEDGE~SHAPED CONFIGURATION OF THE FRESH=SALT WATER

INTERFACE IN AN ADVANCING SEA~WATER FRONT. THE LOWER SPECIFIC GRAVITY
OF FRESH WATER CAUSES |T To OVERRIDE THE TOE OF THE HEAVIER INTRUDING
INCREMENT OF SEA WATER.

SPECIFIC CaraciTy. THE NUMBER OF GALLONS OF WATER PRODUCED BY A PUMPING

WELL PER FOOT OF DRAWDOWN,

SPECIFIC RETENTION. THE RAT!O OF THE VOLUME OF WATER WHICH A ROCK OR SolL

WILL RETAIN AGAINST THE PULL OF GRAVITY TO ITS OWN VOLUME.,



SPECIFIC YIELD. THE RATIO oOF THE VOLUME OF WATER A SATURATED MATERIAL
WILL YIELD BY GRAVITY TO ITS OWN VOLUME, AND IS COMMONLY EXPRESSED
AS A PERCENTAGE. GROUND WATER STORAGE CAPACITY |s ESTIMATED AS THE
PRODUCT OF THE SPECIFIC YIELD AND THE VOLUME OF MATERIAL IN THE
DEPTH INTERVALS CONS|DERED.

SolL SoLUTION. WATER N THE SOIL ZONE INCLUDING GRAVITY WATER AND SOi{L
MOISTURE.

STRIKE. THE COURSE OR BEARING OF THE OUTCROP OF AN INCLINED BED OR STRUCTURE
ON A LEVEL SURFACE.

SUD—ALLUV(AL Qutcror. TRUNCATED OLDER STRATA EXPOSED BY EROSION AND LATER
BURIED BY DEPOSITS OF ALLUVIUM,.

SUBMARINE CANYON. AN ELONGATED, STEEP~WALLED CANYON RUNNING ACROSS OR
PARTIALLY ACROSS THE OFF~SHORE SHELF, THE BOTTOM OF WHICH GRADES
CONT{NUALLY SEAWARD. '

SUBMAR I NE QuTtcrop. THE INTERSECTION OF A STRATUM WITH THE OCEAN FLOOR.

SYNCLINE. A FOLD IN ROCKS IN WHICH THE BEDS DIP |INWARD FROM BOTH SIDES
SYNCLINE
TOWARD THE AXI[S.

THROWS, THE VERTICAL COMPONENT GOF DISPLACEMENT IN A FAULT.,

THRUST FauLT. A REVERSE FAULT THAT IS CHARACTERIZED BY A LOW ANGLE OF
INCLINATION WITH REFERENCE TO A HORIZONTAL PLANE.

TRANSMISSIBILITY. AN EXPRESSION OF HYDRAULIGC PERMEABILITY OF A MATERIAL.
ExPrESSED AS THE RATE OF FLOW, IN GALLONS PER DAY, THROUGH EACH
VERTICAL STRIP OF THE AQUIFER 1 FOOT WIDE HAVING A HEJGHT EQUAL TO
THE THICKNESS OF THE AQUIFER AND UNDER A UNIT HYDRAULIC GRADIENT.

UNCONFORMITY. A sSuRFace oFf EROSION THAT SEPARATES YOUNGER DEPOSITS FROM
OLDER ROCKS.

WAaTER-LEVEL CoNToOUR. A LINE OF EQUAL ELEVATION ON THE WATER=TAGLE SURFACE.

WaTER-TABLE RiDGE. A MOUND-SHAPED OR RIDGE~SHAPED ADDITION TO THE GROUND
WATER BODY BUILT UP BY INFLUENT SEEPAGE.

WATER YeEarR (RunoOFF YEAR). A 12~MONTH PERIOD BEGINNING OCTOOER 1 AND
ENDING SEPTEMBER 30 OF THE FOLLOWING YEAR.
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CRITERIA: PUBLICATION NO. 3y 512 pe,

CALIFORNIA STATE WATER POLLUTION CONTROL BOARD -~ 1954 - WASTE WATER
RECLAMATION AND UTILIZATION: PUBLICATION NO. 9.

CALIFORNIA STATE WATER RESOURCES BOARD -~ 1953 - VENTURA COUNTY
INVESTIGATION: BULLETIN 12.

CALIFORNTA STATE WATER RIGHTS BOARD ~ 1958 ~ TRANSCRIPT OF HEARINGS
AND DECISION NO. D~884 WITH REGARD TO APPLICATIONS 12092, 15145
OF UNITED WATER CONSERVATION DISTRICT AND APPLICATIONS 13417,
13417A, AND 13418 OF CALLEGUAS MUNICIPAL WATER DISTRICT.

CONKLING, HAROLD - 1947 — WATER SUPPLY OF SANTA CLARA WATER CONSERVA-
TION DISTRICT, VENTURA COUNTY. REPORT TO SANTA CLARA WATER
CONSERVATION DISTRICT.

CONKLING, HAROLD - 1949 - DEVELOPMENT OF A SUPPLEMENTAL WATER SUPPLY
FOR ZONE 2: REPORT TO BOARD OF SUPERVISORS, VENTURA COUNTY,
FLOOD CONTROL DISTRICT.

DONEEN; L. D. - 1959 - EVALUATING THE QUALITY OF IRRIGATION WATERS
IN VENTURA COUNTY; APPENDIX F OF CALIFORNI A DEPARTMENT QF WATER
RESOURCES BULLETIN NO. 75.

CROWELL, J. C. = JANUARY 1952 -~ SUBMARINE CANYONS BORDERING CENTRAL
AND SOUTHERN CALIFORNIA: JOURNAL OF GEOLOGY, Vou,. 60, No. 1,
prp. 58-83,

FREEMAN, V. M. - 1935 - REPORT ON PROPOSED SESPE HOT SPRINGS PROJECT;
PREPARED FOR CONSERVATION COMMITTEE, VENTURA COUNTY FARM BUREAU.
DATED SEPTEMBER 16, 1935.
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FREEMAN, V. M. =~ 1936 - WATER SPREADING AS PRACTICED BY THE SANTA
CLARA WATER CONSERVAT!ON DISTRICT, VENTURA COUNTY, CAL|FORNIA:
TRANSACTIONS AMERICAN GEOPHYS |CAL UNTON, 17tu ANNUAL MEETING,
PART 11, ppr. L65-471,

FREEMAN, V. M. = 1949 - PRELIMINARY REPORT ON COST OF RECLAIMING WATER
FROM THE OXNARD DOMESTIC SEWER SYSTEM: REPORT TO SANTA CLARA
WATER CONSERVATION DISTRICT DATED SEPTEMBER 7, 1949,

FRUIT GROWERS LABORATORY, INC. - JUNE 1953 -~ PACKING PLANT WASTES AS
THREATENING POLLUTANTS OF MAIN BASIN WATERS: REPORT TO WATER
POLLUTION COMMITTEE OF THE VENTURA COUNTY CITRUS PACKING
ASSOCIATIONS, 251 pp,

GREGOR, H. F. - 1952 - THE SOUTHERN CALIFORNIA WATER PROBLEM IN THE
OXNARD AREA:  GEOGRAPHICAL REVIEW, Vor. b2, No. 1, pr. 16-36.

HEM, JOHN . - 1959 - STUDY AND INTERPRETATION OF THE CHEMICAL
CHARACTERISTICS OF NATURAL WATER: U. S. GEOLOGICAL SURVEY WATER
SUPPLY PAPER 1473, 269 pp,

HINDS, JULIAN - 1953 - INVEST IGATIONS, PLANS AND ESTIMATES FOR 4
SUPPLEMENTAL WATER SUPPLY FOR AGRICULTURAL, MUNICIPAL AND
INDUSTRIAL USES IN THE SANTA CLARA RIVER VALLEY AND VICINITY:
UNITED WATER CONSERVATION DISTRICT REPORT.

HINDS, JULIAN - SEPTEMBER 1953 - REPORT OF INVESTIGATION AND RECOM=
MENDAT IONS FOR ACQUISITION AND CONSTRUCTION OF 4 WATER CONSER= ,
VATION SYSTEM: REPORT TO BOARD OF DIRECTORS, UNITED WATER
CONSERVATION DISTRICT.

INMAN, D, L. - JULY 1950 ~ SUBMARINE TOPOGRAPHY AND SEDIMENTATION
IN THE VICINITY OF MUGU SUBMARINE CANYON, CALIFORNIA: U. S,
ARMY CORPS OF ENGINEERS, BEACH EROSION BOARD, TECHNICAL
MEMORANDUM NO. 19,

INMAN, D. L. - 1950 ~ REPORT ON BEACH STUDY IN THE VICINITY OF MUGU
LAGOON, CALIFORNIA: U. S. ARMY CORPS OF ENGINEERS, TECHNICAL
MEMORANDUM NO. 14, 47 sp,

fSHERWOOD, J. D. anp PIELSBURY, Ao Fo - 1958 - SHALLOW GROUND WATER
AND TILE DRAINAGE iN THE OXNARD PLAIN: TRANSACTIONS AMERICAN
GEOPHYSICAL UNION, VoL. 39, No. 6, PPe 1101-1110. DISCUSSION BY
MAX BOOKMAN AND R. G. THOMAS, AND REPLY BY AUTHORS N JOURNAL
OF GEOPHYSICAL RESEARCH, Vou. 64, No. 7y JuLy, 1959, pp, 857~
860,

JAMISON, R. H, - 1942 - CHANGE IN GROUND-WATER ELEVATION IN VARIOUS
PUMPING AREAS, VENTURA COUNTY, CALIFORNIA, 1928-1941: TRANS-
ACTIONS AMERICAN GEOFHYSICAL UNION, prp, 129-148,

KAPLOW, E. J. - 1948 — OXNA&RD OIL FIELD: CALIFORNIA STATE DIVISION
OF OiL AND GAS, SUMMARY OF OPERATIONS, VoL. 33, No. 2, PPr. 16-20,

KAWANO, RAY Y. = JULY 1957 - CELERITY OF THE MOUND WAVE: RESEARCH
PAPER, 12 pp. . '

KAWANO, R. Y., ano PARSONS, J. K. - 1956 =~ SUPPLEMENT NO. 1 TQ THE
1951-53 REPORT ON HYDROLOGIC INVESTIGAT IONS OF THE WATER RESOURCES
OF THE UNITED WATER CONSERVATION DISTRICT DATED APRIL 27, 1956,
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KELLY, W. P., LAURANCE, B. M. ano CHAPMAN, H. D. - JANUARY 1949 -
SOTL SALINITY IN RELATION TO IRRIGATION: HILGARDIA=~CAL!FORNIA
AGRICULTURAL EXPERIMENT STATION, VoL. 18, No. 18.

KIMBLE, J. C., =~ 1936”5 UNDERFLOW AT WHITTIER NARROWS, SAN GABRIEL
RIVER VALLEY, LOS ANGELES COUNTY, CALIFORNI&: TRANSACTIONS
AMERICAN GEOPHYSICAL UNION, PP, 521-525,

LONG, N. S. ~ 1953 ~ HYDROLOGIC EFFECTS OF PUMPING THE OXNARD CITY
WATER SUPPLY FROM SANTA PAULA BASIN: REPORT TO CHIEF ENGINEER,
UNITED WATER CONSERVATION DISTRICT.

LOS ANGELES COUNTY FLOOD CONTROL DISTRICT - MARCH 1957 - [NVEST|GA=
TIONAL WORK FOR PREVENTION AND CONTROL OF SEA WATER INTRUSION,
WEST COAST BASIN EXPERIMENTAL PROJECT, LOS ANGELES COUNTY;
APPENDIX B TO CALIFORNIA DEPARTMENT OF WATER RESOURCES BULLETIN
63.

LUDWIG BROTHERS -~ 1949 - SANITARY ENGINEERING.FEATURES OF RECLAIMING
WATER FROM DOMESTIC SEWAGE [N THE MONTALVO BASIN; REPORT TO
SANTA CLARA WATER CONSERVATION DISTRICT DATED AUGUST 6, 1949.

MANN, JOHN F,, JR. = 1952 - OVERDRAFT ON THE DEEP AQUIFER IN PLEASANT
VALLEY AND POSSIBILITIES OF RECHARGE BY SPREADING: REPORT TO
- BOARD OF DIRECTORS, UNITED WATER CONSERVAT!ION DISTRICT.

MANN, JOHN F., JR. - JANUARY 1954 - LOCATION OF NEW SPREADING GROUNDS
IN THE MONTALVO BASIN: REPORT TO BOARD OF DIRECTORS, UNITED
WATER CONSERVATION DISTRICT, 9 pp,

MANN, JOHN F., JR. AND ASSOCIATES - MAY 1958 -~ OUTLINE OF GROUND
WATER HYDROLOGY, PLEASANT VALLEY COUNTY WATER DISTRICT: REPORT
TO GENERAL MANAGER AND CHIEF ENGINEER, PLEASANT VALLEY COUNTY
WATER DISTRICT.

OLIVER, GRAYDON - JuLY 1948 ~ WATER INVESTIGAT{ON INCIDENTAL TO WATER
WELLS DRILLED BY CITY OF VENTURA IN PIERPONT BAY AREA: REPORT
TO SANTA CLARA WATER CONSERVATION DISTRICT, 31 pp.

OLIVER, GRAYDON ~ NOVEMBER 1949 - WATER INVESTIGATION INCIDENTAL
TO WATER WELL DRILLED BY UNITED STATES NAVY IN POINT MUGU AREA:
REPORT TO SANTA CLARA WATER CONSERVATION DISTRICT, 39 pp.

OXNARD PLANNING COMMISSION - 1952 - MASTER PLAN FOR THE CITY OF
OXNARD, REVISED.

PLANNING RESEARCH CORPORATTON - SEPTEMBER 1957 -~ POPULATION STUDY AND
FORECAST, COUNTY OF VENTURA, CALIFORNIA: REPORT PREPARED FOR
VENTURA COUNTY BQARD OF SUPERVISORS, 190 re.

POLAND, J. F., GARRETT, A. A., an0 MANN, J. F. - AUGUST 1948 -
PROGRESS REPORT ON WATER SUPPLY FOR THE POINT MUGU NAVAL BASE,
VENTURA COUNTY, CALIFORNIA: U. S. GEOLOGICAL SURVEY REPORT
PREPARED FOR BUREAU OF YARDS & DOCKS, DEPARTMENT OF THE NAVY.

PRICE, WM. P., JR. = 1956 ~ SEA WATER INTRUSION INTO THE OXNARD

: AQUIFER IN THE VICINITY OF PORT HUENEME, CALIFORNIA; REPORT
BY UNITED WATER CONSERVATION DISTRICT TO COMMAND ING OFFICER,
U. S. NAVAL CONSTRUCTION BATTALION CENTER, PORT HUENEME.
DATED NOVEMBER 14, 1956.
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PRICE, WM. P., JR. ano ASSOCIATES ~ 1958 - FEASIBILITY REPORT,
PLEASANT VALLEY PROJECT, CALIFORNIA: PREPARED FOR PLEASANT
VALLEY COUNTY WATER DISTRICT, '

QUINTON_ENG!NEERS, LTD. - JUNE 1959 -~ LAND USE AND VALUATI-ON SURVEY
OF CALLEGUAS, LAS VIRGENES, OXNARD PLAIN AND SOUTH VENTURA LANDS,
62 pe.

SCHIFF, LEONARD - MAY 1954 -~ SUITABILITY AND CHARACTERISTICS OF THE
PROPOSED EL RIO SPREADING GROUND, VENTURA COUNTY, CALIFORNIA:
U. S. DEPARTMENT OF AGRICULTURE, SOIL AND WATER CONSERVATION
RESEARCH BRANCH.

SCHIFF, LEONARD - 1958 - MAINTENANCE-EL RO SPREADING GROUNDS; REPORT
TO UNITED WATER CONSERVATION DISTRICT. DATED JUNE 23, 1958,

SHARP, L. T. = 1956 ~= SANTA CLARA WATERSHED WATER QUALITY; REPORT
BY FRUIT GROWERS LABORATORY TO UNITED WATER CONSERVATION DISTRICT.
DATED DECEMBER 12, 1956. ’

SHARP, L. T. - May 1957 = WATER QUALITY IN THE UNITED WATER CONSERVA-
TION DISTRICT 4AND POTENTIAL IMPROVEMENT OF QUALITY BY DAM
STORAGE OF STORM WATERS,

SOIL CONSERVATION SERVICE, UNITED STATES DEPARTMENT OF AGRICULTURE -
1953 - GROUND WATER REPLENISHMENT BY PENETRATION OF RAINFALL,
FRRIGATION AND WATER SPREADING IN ZONE 3: REPORT TO BOARD OF
SUPERVISORS, VENTURA COUNTY FLOOD CONTROL DISTRICT.

TROXELL, HAROLD C. ~ 1957 - WATER RESOURGES OF SOUTHERN CALIFORNIA
WITH SPECIAL REFERENCE TO THE DROUGHT OF 1944-51: U, s,
GEOLOGICAL SURVEY, WATER SUPPLY PAPER 1366, pr. 92-103,

UNITED STATES SALINITY LABORATORY, UNITED STATES DEPARTMENT OF
AGRICULTURE ~ 1954 - DIAGNOSIS AND IMPROVEMENT OF ALKALINE
SOILS: AGRICULTURE HANDBOOK NO. 60, 160 ep,

WILCOX, L. V. ano MAGISTAD, 0. C. =~ 1943 - INTERPRETATION OF [RRIGA~
TION WATERS AND THE RELATIVE TOLERANCE OF CROP PLANTS;
MIMEOGRAPHED BY U. S. REGIONA&L SALINITY LABORATORY.,

WILDE, G. . anD LONG, N. S. - 1953 - HYDROLOGIC [NVESTIGATION OF
THE WATER RESOURCES OF THE UNITED WATER CONSERVATION DISTRICT.

WRIGHT, WILLIAM T. -~ 4PRIL 1948 ~ DRAINAGE SURVEY, VICINITY OF THE
CITY OF OXNARD, CALIFORNIA: REPORT TO BOARD OF SUPERVISORS,
VENTURA COUNTY FLOOD CONTROL DISTRICT, 46 pp,



