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DR. JOHN 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 Tield. 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 publications 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. 5. 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. Mann to conduct this study and prepare this report.
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JOHN E MANN, JR. AND ASSOCIATES
CONSULTING GROUNDWATER GEOLOGISTS
945 REPOSADO DRIVE

LA HABRA, CALIFORNIA. TELEPHONE
OWeEN 7-9604

SEFRTEMBER 1, 1959

Boarp oF DIRECTORS

UniTED WATER ConsERvaTIiON DISTRICT : )
333 WesT HARVARD STREET

SanTa Paura, CaLiForNTA

Dear SiRrs:

ATTACHED 1S MY REPORT ON THE GROUND WATER RESOURGES OF THE DISTRICT
AS AUTHORIZED BY OUR LETTER AGREEMENT DATED QOcToBErR 29, 1957 wHICH wAS
APPROVED AND accePTED DecemBer 10, 1957. '

[N THIS REPORT | HAVE PRESENTED A DETAILED DESCRIPTION OF THE GROUND
WATER HYDROLOGY, AND WATER QUALITY PROBLEMS OF THE DISTRIGCT. USING THIS
COMPREHENSIVE FAGTUAL BACKGROUND A PLAN IS PROPOSED FOR THE EFFECTIVE
UTILIZATION OF THE DISTRICT'S GROUND WATER RESOURCES.

| WOULD LIKE TO ACKNOWLEDGE ESPECIALLY THE EXCELLENT COOPERATION OF
Mre PRicCE, 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

GeoroGisT, BURT A. BaBcock.

VERY TRULY YOURS,

WMZ%W{/, /
JoHN F. 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 AVAILABLE.,

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

MENTAL SUPPLIES DELIVERED FOR STORAGE BEHIND SANTA FeELIC1A DaM.

3. THE MAJOR GROUND WATER PROBLEMS OF THE DISTRICT ARE THE FOLLOWING:
(A) EXI1STING 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) HtGH 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 To THE MoNTALVO BaASinNg

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

(¢) SALT~BALANCE PUMPING IN THE LOWER ENDS OF THE FILLMORE AND
SANTA PauLaA 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 BASIN FOR SPREADING
OR DIRECT DELJVERIES; QUALITY UPGRADING IF NECESSARY WI!TH
RESERVOIR RELEASES]

() EXxPANSION OF DISTRIBUTION FACILITIES ON THE OXNARD PLaing

(H) REDUCING PUMPING DRAFT ON THE OXNARD AQUIFER BY SUPPLYING
COASTAL DEMANDS FROM UPSTREAM SOURCES AND SHALLOW PUMPAGE
IN MONTALVO BASIN; SUPPLEMENTING THIS SUPPLY WITH MODEST
W!THDRAWAL FROM EXTENSI|VE FRESH~WATER RESERVES IN THE Fox
CanNYON AQUIFER IN MONTALVO BAsiN.
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CHAPTER 1
INTRODUCTION

THE UNITED WATER CONSERVATION DISTRICT
o TQE”UN[TED WATER CONSERVATI&N.DISTRICT 1S ENTIRELY WITHIN VENTURA
CounTy aND 1ncLUDES (1) THE VALLEY OF THE SaNTA CLARA RIVER ALMOST TO THE
Los AneceLEs CounTy LiNE, AND (2) ESSENTIALLY ALL OF THE COASTAL PLAIN
(PLate 2). THE DISTRICT WAS ORGANIZED [N DECEMBER 1950 UNDER THE WATER
ConservaTion DisTrRICT AcT oF 1931, STATE OF CALIFORNIA, AS AMENDED. |T

SUGCEEDED AN EARLIER DISTRICT, THE SanTa CLARA WATER ConserRvaTion DisTRICT,

WHICH HAD BEEN SET uP IN DEcCEMBER 1927. THE EARLIER DISTRICT OPERATED

SPREADING GROUNDS AT SaTicoY, SanTa Paura, anD PIRU AND ENGAGED IN OTHER
EXPERIMENTAL SPREADING ACTIVIT!IES. DURING THE 25 YEARS OF EXISTENCE UNDER
THE ADLE GUIDANGE OF ITS ENGINEER, V. M. FrReEemManN, MORE THaN 400,000 acre-
FEET OF WATER WEREVRECHARGED TO 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 BOUNDARIES.
As THE AREA DEVELOPED, IT BECAME APPARENT THAT THE WATER PROGLEMS COULD
NOT BE SOLVED WITH A DISTRICT OF SUCH LIMITED POWERS. FOR EXAMPLE, THE
DISTRICT COULD NOT ISSUE BONDS FOR THE CONSTRUCTION OF STORAGE WORKS.
FURTHERMORE, THE METHOD OF TAXATION WAS NOT REALISTIGC; WHEREAS THE CON=
SERVATION MEASURES DENEFITED BOTH URBAN AND FARM AREAS, ONLY THE FARM
LANDS WERE TAXED. BECAUSE OF THESE DEFICIENCIES, THE UNITED WATER

CONSE.RVATION 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
DisTRICT'S WATER PROBLEMS WERE COMMENCED UNDER THE DIRECTION OF JULIAN
HinDos, GeNERAL MaNAGER AND CHIEF ENGINEER, AND A REPORT WAS COMPLETED I[N
THE FaLL oF 1952 RECOMMENDING THaT TopaTora DaM, SanTa FeLtcia Dam, AND
DIVERSION AND CONSERVATION WORKS DOWNSTREAM ON THE SaNTA CLARA RIVER BE
CONSTRUGTED AT A cosT of $18,500,000, |In THE ELECTION oF Decemoer 16, 1952,

THE DOND PROPOSAL FAILED TO PASS. A SECOND REPORT {N SEPTEMBER 1953
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REGOMMENDED SANTA FerLiciA DAM AND LOWER RIVER FACILITIES, TO COST

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

ELECTION OF 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 0Y THE CaLLEGUAs 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 CounTy. [N Deciston
D-884 paTep January 17, 1958 THE STATE WATER RiGHTS BOARD GRANTED THE
PERMIT FOR STORAGE AT THE TOPATOPA SITE Tc THE CaALLEGUAs MunNiciPAL WATER
DisTRicTe UNITED IS CURRENTLY APPEALING THE DECISION UNDER A WRIT OF
MANDAMUS

PREVIOUS MAJOR INVESTIGATIONS

DETAILED WATER RESOURGE STUDIES IN VENTURA COUNTY STARTED I[N
1927. IN AUGUST OF THAT YEAR FIELD WORK WAS STARTED BY THE STATE DIvision
oF WATER RESOURCES LEADING IN 1933 TO THE PUOLICATION OF BULLETIN 46
(ReFereNcE 10, SEE BIGLIOGRAPHY)., FOLLOWING THE COMPLETION OF BULLETIN
L6, THE COLLECTION OF DASIC HYDROLOGIC DATA WAS FORTUNATELY CONTINUED OY
THE NEWLY FORMED VENTURA CoUNTY WATER SURVWEY« THESE VOLUMINOUS, CONTINUOUS
RECORDS OF THE VENTURA CoUNTY WATER SURVEY HAVE PROVED OF {NVALUAGLE HELP
IN ALL SUCSEQUENT STUDIES,

THERE WERE NO COMPREHENSIVE WATER RESOURCE STUDIES OF THE SANTA
CLarRA RIVER SYSTEM DURING THE LATE THIRTIES OR EARLY FORTIES. WITH THE
ONSET OF DROUGHT, HOWEVER, AND THE RENEWED POSSIBILITY OF SEA=-WATER [N=
TRUSIONy CAME INCREASED CONCERN OVER WATER SUPPLIES. HAROLD CONKLING,
ConsuLTinGg ENGINEER, WAS RETAINED BY THE SANTA CLARA WATER CONSERVATION
DiSTRICT, AND THE REPORT ON THIS [NVESTIGATION WAS GCOMPLETED (N 1947
(ReFereNcE 25). HE waS LATER RETAINED OY THE VENTURA COuUNTY FrLooo CoNTROL
DiSTRICT; THE SEGOND REPORT WAS COMPLETED IN 1949 (Rer. 26). ComprE=-
HENSIVE HYDROLOGIC STUDIES WERE MADE BY THE STAFF OF THE UNITED WATER
ConservaTion DisTRiICT DURING 1951-53% UNDER THE DIRECTION OF JULIAN HINDS,
THEN GENERAL MANAGER AND CHIEF ENGINEER OF THE DISTRICTe THESE STUDIES
WERE SUMMAR|ZED I!W WHAT WILL DE CALLED HEREIN THE WiLDE-LONG REPORT
(ReEFe 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 (ReF. 23). REVISIONS AND UPDATING OF UNI{TED'S INVENTORY
METHGDS WERE MADE PRIMARILY BY Ray Y. KAWANO, AND THE REPORT DATED APRIL
1956 wilLL OE REFERRED TO HEREIN ASs THE Kawano ReporT (RerF. 43),

THe OxNARD PLAIN PORTION OF THE DISTRICT, ESPECIALLY, WAS STUDIED
oy THE U. S. BUREAU OF RECLAMATIGN STARTING IN 1954, RESULTING IN A
RECONNAISSANGE REPORT DATED June 1955 (Rer. 4). A MORE DETAILED STUDY

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

REPORT WAS RELEASED FOR OFFICIAL REVIEW ONLY, AND HAS NOT YET BEEN APPROVEDs

OBJECTIVES OF PRESENT INVESTIGATION

THE PRESENT INVESTIGATION FOLLOWS A NUMBDER OF EXCELLENT, DETAILED
STUDIES, ALL OF WHICH DEPENDED, TO A LARGE EXTENT, UPON THE SAME DASIC
0aTA. UNDER THESE CONDITIONS, CLAIMS TO ORIGINALITY ARE NECESSARILY
LIMITEDe THE OVERALL OBJECTIVE==GROUND WATER MANAGEMENT==-|S PERHAPS
DIFFERENT. SPEGCIFICALLY, THE PRESENT STUDY HAS INVOLVED THE FOLLOWINGS

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

IN ORDER TO ANALYZE THE INFLUENGCE 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 DETAILEDC STUDY OF GROUND WATER QUALI(TY TO SPELL OUT THE
INFLUENGE OF POOR QUALITY WATERS ON CONTINUED GROUND WATER
DEVELOPMENT]

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

GENERAL DESCRIPTION OF DISTRICT
TOPOGRAFPHY AND DRAINAGE

THe SanTa CLara RiveErR rRises IN Los ANGeELES COUNTY FAR TO THE
EAST OF THE DISTRICT AND FLOWS WESTERLY TO THE PactiFic OcEane THE DRAIN=
AGE AREA ABOVE ITS MOUTH, WHICH IS ABOUT THREE MILES SOUTH OF THE CITY OF
VENTURA, IS 1605 squaRE MILES. ELEVATIONS WITHIN THE DRAINAGE BASIN RANGE
up To 8826 FEeT AT MouNT Pinos. ALMOST 90 PER CENT OF THE ENTIRE DRAIN-
AGE BDASIN IS RUGGED TOPOGRAPHYj; THE REMAINDER IS OCCUPIED BY THE VALLEY
FLOOR AND THE COASTAL PLAINe FrOM £asT oF THE DISTRICT EASTERN BOUNDARY,

WESTERLY TO SaTicoy, THE SaAnNTA CLaARA RIVER FLOWS IN A FAIRLY BROAD, OUT
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DEEP TROUGH. SOUTH OF THIS TROUGH IS THE STEEP FRONT OF THE SOUTH
MouUNTAIN=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 CONSI[DERAGLY GREATER.
ALMOST ALL OF THE RUNOFF, AND ALL THE MAJOR TRIDBUTARIES COME FROM THE
NORTH SIDE. TH!S ASYMMETRY OF DRAINAGE HAS EXERTED A MARKED CONTROL ON THE
DEVELOPMENT OF THE TROUGH. THE ALLUVIAL FAN DEPOSITS DEDOUCHING FROM THE
NORTH SIDE HAVE PERSISTENTLY PUSHED THE SANTA CGLARA RIVER TOWARD THE SOUTH
SIDE OF THE TROUGH. ONCE CLEAR OF THE END OF SOUTH MOUNTAIN AT SATICOY,
THE SaNTA CLara RIVER HAS DEEN FREE TO SWING OVER THE ENTIRE OXNARD PLAINS
ON THE NORTH, THE SWING HAS DEEN LIMITED BY THE SOUTH=SLOPING ALLUVIAL
FANS DERJVED FROM THE HILLS TO THE NORTH; ON THE EAST, THE SWING HAS BEEN
LIMITED BY THE CAMARILLO HILLS AND THE HARD ROCKS OF THE SaNTA Monica
MounTAINS AT POINT MuGgue THE OXNARD PLAIN 1S CONSIDERED TO COINCIDE WITH
THESE DROAD ALLUVIAL FAN DEPOSITS OF THE SanTa CLaARA RIVER,
GEOLOGY

THE GEOLOGIC FEATURES OF THE DISTRIGT HMAVE EXERTED A STRONG
POSITIVE CONTROL ON THE TOPOGRAPHYs THE YOUNG, SOFT ROCKS UNDERLIE THE
TOPOGRAPHICALLY LOW AREAS} THE OLDER, HARDER ROGCKS STAND UP [N BOLD RELIEF.
ALmosf WITHOUT EXCEPTION, THE AGRICULTURAL AREAS OF THE DISTRICT ARE ON
ALLUVIAL MATERIALS WHIGH [N TURN OVERLIE THE SAN PEDRO FORMATIONe. ONE
MILLION OR S0 YEARS AGO, DURING A TIME REFERRED TO AS THE LOWER PLEISTOCENE,
THE SAN PEDRO FORMATION WAS DEPOSITED, PARTLY I[N THE OCEAN, AS A SHEET
COVERING THE ENTIRE DISTRICT AND FOR SOME DISTANCE BEYONDs THESE GRAVELS,
SANDS, AND CLAYS WERE ACCUMULATED TO A MAXIMUM THICKNESS OF PERHAPsS 7000
To 8000 FEET. DuRING MIODLE PLEISTOCENE TIME, THE SAN PEDRO FORMAT{ON WAS
UPLIFTED, FOLDED, AND FAULTED ON A TREMENGOUS SCALE. FROM THE HIGH AREAS.
THE SaN PEDRO FORMATION WAS COMPLETELY REMOVED B8Y EROS!IONe STREAMS SOUGHT
OUT THE DOWNFAULTED AND DOWNFOLDED STRIPS OF SOFT ROCK AND CONTINUE TO
FLOW IN THESE STRIPS TODAY. SUCH A STRIP OF SOFT ROCK IS OCCUPIED DY
THE SanTa CLarAa RiVER. EXCEPT IN THE EXTREME EASTERN FEW MILES OF THE
DisTriICT, THE RIVER OVERLI!ES A FAULTED AND SYNGLINALLY FOLDED STRIP OF
RELATIVELY SOFT SaN PEDRO FORMATION. EVEN THE LOW AREA OF THE COASTAL
PLAIN 1S TO A LARGE EXTENT CONTROLLED DY THE DISTRIBUTION oF THE San PeEDRO

FORMATIONs
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THE GEOLOGIC FORMATIONS OCCURRING WITHIN THE DisTRICT ARE
GIVEN ON TabLeE [-1. DETAILED DISCUSSIONS OF IMPORTANT AQUIFERS ARE [N=-
CLUDED IN THE DISCUSSIONS OF THE INDIVIDUAL GROUND WATER DASINS. FoR
A MORE COMPLETE TREATMENT OF THE GENERAL GEOLOGY THE READER IS REFERRED
TO THE EXCELLENT MATERIAL PRESENTED IN CALIFORNIA STATE WATER RESOURCES
Boaro BurLeTtn 12 (ReF. 23), .
GROUND WATER BASINS ;

THE UPSTREAM GROUND WATER BASINS ARE FROM EAST TO WEST: PIRU,
FiLLmMoRE, AND SanTa Paura (PLaTe 2). THese ARE ESSENTIALLY THE S AME
GROUND WATER BASINS AS ORIGINALLY DELINEATED IN 1933 N CALIFORNIA
Diviston oF WaTer Resources BuLLeTin 46 (ReF. 10). ON THE COASTAL PLAIN,
HOWEVER, INCREASING INFORMATION SiNCE 1933 HAS RéQUIRED CONS IDERABLE
MODIFICATION OF THE BULLETIN 46 BOUNDARIESs. [N THE PRESENT REPORT THE
BASIN BDOUNDARIES ON THE COASTAL PLAiN ARE MUCH THE SAME AS THOSE GIVEN
IN CALIFORNIA STATE WATER RESOURCES Boaro BuLLETIN 12 (ReF. 23). 'THE
ALLUVIAL FAN OF THE SANTA CLARA RIVER MAY BE DIVIDED INTO TWO PARTS:
(1) A NORTHERLY AREA WHERE FREE WATER TABLE CONDITIONS EXIST; CALLED THE
OxNARD FOREDAY BASIN IN BuLLeETIN 12, AND THE MonTaLvo Basin in DisTRICT
REPQRTsj (2) THE OxNaARD PLAIN BASIN WHERE GROUND WATER IS UNDER PRESSUREs
NORTH OF THE SANTA.CLARA RivER s THE MounD BAsiN, WHERE fHERE ARE NO
IMPORTANT SHALLOW AQUIFERS, AND {RRIGAT{ON WELLS MUST PENETRATE TO THE
DEEPER CONFINED AQUIFERS AT THE DASE OF THE UPPER PLEISTOGENE OR IN THE
San PEDRO FORMATION. EasT oF THE INFLUENCE OF THE SanTa CLara RIVER
THERE ARE S(MILARLY-NQ IMPORTANT SHALLOW AQUIFERS AND THE USUAL DRILLING
ooJECTxyE is THE Fox CANYON AQUIFER AT THE DASE OF THE SaN PEDRO FORMA=
TION OR THE GRIMES CANYON AQUIFER AT THE TOP OF THE SANTA BARDARA FORMA=
TIoNe THIS EASTERN AREA OF THE DISTRICT INCLUDES MOST OF PLEASANT
VALLEY, AND PARTS OF THE CaAMARILLO HiLLs AND THE WEST Las Fosas AREA
(PLATE M7). '
GENERAL GROUND WATER HYDROLOGY

' SURFACE FLOWS ENTER THE UPPERMOST (PIRU) BASIN ALONG THE SANTA

CLarA RivER aND PIRU CREEK THROUGH ROGKY CANYONS WITH LITTLE ALLUVIAL
FlLLe RECHARGE TO PIRU BAaSIN IS LARGELY FROM PERCOLATION OF THESE

SURFACE FLOWS, LESSER AMOUNTS OF RECHARGE TO THE PIRU BaSIN, AS WELL
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Ace
RECENT

UrPer
PLEISTOCENE

LoweRr
PLelsTocENE

UrprER
PLiocGcENE

PLiocene

MioCENE

EoceNE

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

NaMe

RECENT ALLUVIUM

CLay Carp
OxXxNARD AQUIFER
TERRACE DEPOSITS

BasaL GraveLs

Mucu AQUIFER

UpPER SanN PEDRO
San Peoro ForMaTION

Fox Canyon AQUIFER

GrRIMES CANYON
AQUIFER

SanTa BARBARA
ForMaTiON

Ptco ForRMATION

MooeELo FORMATION

SANTA MARGARITA
FORMATION

TorpAanGa FORMATION

VAQUEROS FoRMATION

SESPE FORMATION

AQuiFeErR DEscriPTION AND LOCATION

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

SILTY CLAYS AND SANDS BENEATH OXNARD
PLaiNe

COARSE GRAVELS AND SANDS==MAIN SHALLOW
AQUIFER BENEATH OxNarRD PLAIN.

CLAaYs, SOME SANDS AND GRAVELS IN UP-
STREAM BASINS aND MounND BaSiNe.

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

LocaL SAND AND GRAVEL LAYER IN THE Muaeu
AREA. PROBABLY A LOCAL PHASE OF BASAL
GRAVELS,

LENTICULAR GRAVELS OF THE COASTAL PLAINa
Apove Fox CaANYON AQUIFER.

INTERBEDDED SANDS, GRAVELS, AND CLAYS IN
UPSTREAM BASINS AND IN MouNp BAsiN.

GRAVELS AND SANDS WITH CLAY LAYERS., NEAR
DASE OF SaAN PEDRO FORMATION BENEATH

Oxnarp PrLain, PLEASANT VarLLEY, CaMARILLO

HiLLs, anp WesT Las Posas.

LocalL SANDS AND GRAVELS NEAR TOP OF
SANTA BARBARA FORMATION IN PLEASANT
VaLLey, CamarirLo HiLLs, anp WEsT Las
Posase

NONWATER DEARINGS
NCNWATER=DEARING,
NONWATER=BEARING 5

NONWATER=DEARINGS

SMALL QUANTITIES OF WATER [N VOLCANIC
ROCKS.

NONWATER~DBEARING»

VERY SMALL QUANTITIES OF WATER



AS To THE FiLLmMORE, SANTA PauLa, AND MONTALVO BASINS, ARE DERIVED FROM
DEEP PENETRATION OF RAINFALLs GROUND WATERS LEAVING THE PiRU BasiN FLOW
WESTERLY INTO FrLLHoéé BasINy, PARTLY AS QNDERFLOW,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 SANTA CLARA
RiVER AND OF SeEsPe CREEK. THROUGHOUT MOST OF [TS LENGTH, SESPE CREEK
FLOWS THROUGH A ROCK CHANNEL, AND THERE IS LITTLE PERCOLATION OF THE
FLOWS ONTIL THE WATERS REACH THE FILLMORE BASIN. GROUND WATERS LEAVE
THE F1LLMORE BasiInN as UNDERFLOW.AND AS RISING WATER. THIS RISING WATER
IS PERENNI[AL, THOUGH FALLING TO VERY LOW FLOWS NEAR THE END OF PROLONGED
DRY PERIODS. UNDERFLOW FROM FILLMORE 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 PautLa Basine |

UNDERFLOW AND PERCOLAT!ION OF RISING WATER FROM SaANTA PauLa
BastN ARE IMPORTANT CONTRIBUTORS TO MONTALVO BASiN. MORE IMPORTANT,
THOUGH, IS THE PERCOLATION OF FLOOD FLOWS ALONG THE SANTA CLARA RIVER.
BeEvyonD MONTALVO BRIDGE THERE IS LITTLE FURTHER PERCOLATION, AND THE FLOGD
FLOWS REMAINING ARE WASTED TO THE OCEAN.

UNDERFLOW OUT OF MONTALVO BASIN GOES IN THREE DIRECTIONS:
(1) 1nTo THE OXNARD AQUIFER DENEATH THE Oxnarp PLaing (2) InTo THE Fox
CANYON AQUIFER CENEATH THE OXNARD Prain; anD (3) INTO THE MounND BasiNa
ApDITIONAL RECHARGE TO THE Fox CANYON AQUIFER DENEATH THE DISTRICT 0CCURS
AS UNDERFLOW FROM THE EaAsT anD WesT Las Posas arEas. . UNDER NATURAL CON=-
DITIONS GROUND WATER FLOW WAS PREDOMINANTLY SEAWARD. HEAVY OVERPUMP NG
HAS RESULTED IN LOCAL FLOW FROM THE OCEAN TOWARD THE CENTERS OF PUMPINGs
SQILS

A solL SURVEY OF THE ENTIRE DISTRICT AREA EXCEPT THE PIRU
BasiN was MaDE purRing 1901 By THE Bureau oF SoiLs, U. S. DEPARTMENT OF
AcricuLTurRe (RerF. 6)¢ A MORE DETAILED SURVEY OF ALL OF THE DISTRICT'S
AGRICULTURAL LANDS WAS MADE BY THE BUREAU oF SoiLs IN 1917 AND PUBLISHED
IN 1920 (ReF, 7)e MoOST OF THE AGRICULTURAL AREAS ARE ON (1) RECENT
ALLUVIAL SOILS DERIVED FROM SEDIMENTS THAT HAVE NOT UNDERGONE MATERIAL
'CHANGES OR INTERNAL MODIFICATIONS SINGCE THEIR DEPOSITION, AND WHICH ARE

STILL IN PROCESS OF FORMAT[ON, AND (2) OLD VALLEY=FILLING AND COASTAL
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PLAIN SOILS, CONSISTING OF ELEVATED AND WEATHERED UNCONSOLI/DATED WATER=
LALD DEPOSITS. FEACH OF THESE GROUPS REPRESENTS A NUMBER OF SOIL SERIES,
AND'éﬁéﬁ'éERlES IS‘éEPAESENféD”BY ONE OR Mééé sofL f??éé. 'MOST'O; THé
SOILS ARE FAIRLY PERMEADBLE AND DRAIN EASILYse SOIL PROBLEMS IN THE
DitsTRICT ARE NOT SERIOUS. PRIOR TO AGRICULTURAL DEVELOPMENT MUCH OF THE
OxNARD PLAIN HAD ALKALINE SOILS DUE TO HIGH WATER~TADLE CONRITIONS.
AFTER THE INSTALLATION OF TILE DRAINS, AND LEACHING, THE SOILS WERE
EXTREMELY PRODUCT!IVE. BECAUSE OF HIGH PERMEABILITY SALTS DO NOT ACGCUMU=
LATE I[N THE SOILS BUT ARE CARRIED DOWNWARD., THE MAINTENANCE OF GOOD PER=
MEABILITY IS ESPECIALLY FAVORED OBY LOW SODIUM WATERS THROUGHOUT THE
DisTRICT.

CLIMATE _

THE CLIMATE OF THE DISTRICT IS QUITE MILD., AVERAGE ANNUAL
TEMPERATURES RANGE FROM ABOUT 69°F NEAR THE COAST TO PERHAPS H71°F INLAND.
ON THE COASTAL PLAIN THE MAXIMUM TEMPERATURE IS acouT 100°F anND THE
MINEMUM ONLY SLIGHTLY‘DELOW FREEZING., FROSTS ON THE COASTAL PLAIN ARE
UNCOMMON. INLAND, MAXIMUM TEMPERATURES ARE HIGHER, MINIMUM TEMPERATURES
ARE LOWER, AND FROSTS ARE MUCH MORE OF A PROBLEMs. LIKE THE REST OF
GOASTAL SOUTHERN CALIFORNIA, THE CLIMATE IS OF THE MEDITERRANEAN TYPE
WITH A LONG DRY SUMMER AND A SHORT, COMPARATIVELY WET WINTERa. ALMOST
ALL OF THE PRECIPITATION OCCURS IN THE DECEMBER-TO-MARCH PERIOD. EVEN
DURING THE WET SEASON, SKIES ARE CLEAR AND HUMIDITY LOW A VERY LARGE

PERCENTAGE OF THE TIME. MosST OF THE RAIN COMES DURING STORMS LASTING

FOR A DAY TO A FEW DAYS, WITH FELATIVELY LONG CLEAR PERJODS DETWEEN STORMS,

THE AMOUNT OF RAINFALL FROM YEAR TO YEAR IS HIGHLY VARIAOLE, AND DURING
THE 85 YEARS OR SO THAT RAINFALL MEASUREMENTS HAVE BEEN MADE, THERE HAVE
BEEN PRONOUNCED PERIODS OF DRY YEARS FOLLOWED BY PERIODS COF WET YEARS.
EXTREMELY WET YEARS MAY OCCUR DURING THE DRY PERIODS, AND EXTREMELY DRY
YEARS DURING THE WET PERIODS. NO RYTHMICAL OR FIXED CYCLICAL FLUCTUA=
TIONS CAN BE RECOGNIZED. [N WATER RESOURGE STUDIES, A SUFFICIENTLY LONG
PER!OD MUST BE TAKEN TO ASSURE THAT CONDITIONS STUDIED ARE FAIRLY RE-
PRESENTATIVE OF AVERAGE LONG~TERM CONGITIONS. RAINFALL AT SanTaA Paura

siNcE 1888 is civeN ON PLATE 3.
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COLLECTION OF DATA

”THE UN;TEQ WATER CONSERVAT!ON DISTRICT HAS BEEN AN ACTIVE

‘01L—-PRODUCING AREA FOR MANY DECADES. BECAUSE OF THIS ECONOMIC IMPETUS

THE SURFACE GEOLOGY HAS DEEN MAPPED AND RE-MAPPED MANY TIMES. THE
DETAILS OF THE SURFACE GEOLOGY WERE COMPILED FOR BuLLETIN 46 (Rer. 10)
AND IN A MUGH MORE REFINED WAY FOR BuLteTiN 12 (REF. 23)., AS AN ADEQUATE
DEPICTION OF THE SURFACE 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 BASINS, AND TO
DETAILS OF THE EXPOSED AQUIFERS,

THE FOCUS OF THE GEOLOG!C PHASE OF THE PRESENT INVESTIGAT}ON
WAS ON SUBSURFACE DETAILS, MUCH SUDSURFACE DATA HAD BEEN COLLEGTED OURING
THE BULLETIN 46 aND BULLETIN 12 STUDIES. ALL AVAILADLE WELL LOGS WERE
OBTAINED FROM THE STATE DEPARTMENT OF WATER REsourRces, VENTURA CouNnTY
DivisioNn oF WATER RESOURCES, aND THE U, S. GeEoL0GIiCAL SuRVEY GROUND
WATER BRANCH. FROM THE STATE DIVISION OF OfL AND Gas, MAPS WERE OBTAINED
SHOWING THE LOCATIONS OF ALL OlL WELLS AND WILDCAT WELLS WITHIN THE
DisTriCT. MOST OF THE MAJOR OJL COMPANIES OPERATING WITHIN THE DIsTRICT
WERE CONTACTED FOR INFORMATION, USUALLY ELECTRIC L0GS. THEY WERE VERY
COOPERATIVE AND RELEASED MANY ELEGTRIC LOGS, USUALLY JUST THE UPPER
PART OF THE LOG, TO THE BASE OF FRESH WATER., MOST OF THE DEEP WELLS
DRILLED GY THE Mioway DrRILLING CoMpaNY OF OXNARD DURING THE LAST FIVE
YEARS HAD ELECTRIC LOGS AVAILABLE, AND THESE WERE ODTAINED. AN ESPECIALLY
GOOD SOURGCE OF CADLE-TOOL DRILLER'S L0GS waS LEONARD ANDERSON OF EL Rloa

WATER LEVELS OF NUMEROUS WELLS THROUGHOUT THE DISTRICT HAVE
DEEN MEASURED DY THE VENTURA CounTY WATER SURVEY (Now WATER RESOURCES
Division, DEPARTMENT OF PuBLic WORKS) SINCE THE BULLETIN 46 sTuoiES.
THESE EXTENSIVE AN& CONTINUOUS WATER-LEVEL MEASUREMENTS, WHICH ARE KEPT
PLOTTED UP~TO~DATE, ARE THE SOURCE OF THE HYDROGRAPHS USED IN THE PRESENT
REPORT- NUMEROUS WATER=LEVEL MEASUREMENTS WERE MADE DuURING 1951-53 oY
THE STATE Division oF WaATER RESOURCES I[N THE COURSE OF THE BuLLETIN 12
lNQéST;GAT(ON; SbMEVEXéELLENTVWATER—LEVELVRECORbé AREVAQA{LAﬁLé IN THE

FILES oF THE SanTa CLara WATER CONseErRvaTiON DISTRICT. 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 CLarA DISTRICT PRO&RAM. WEEKLY MEASUREMENTS OF WATER LEVELS ARE
MADE BY DASE PERSONNEL FOR THE WELLS OF BOTH THE Muau aND HueNeEME Naval
Bases. MANY OTHER MEASUREMENTS, ESPEC|ALLY.FOR WELLS IN THE COASTAL
AREA, ARE AVAILADLE AT THE LoNe BEacH OFFICE oF THE U. S. GeEOLOGICAL
SurveEY, GROUND WATER BRANCH,

THE FIRST COMPILATION OF WATER QUALITY DATA FOR THE DISTRICT
WAS THAT WHICH APPEARED IN STATE Division 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 IN 1951 DURING THE
BULLETIN 12 INVESTIGATION, WATER QUALITY DATA ARE RATHER SPARSE. How-
EVER,; MANY SAMPLES WERE TAKEN ALONG THE COAST. IN THE AREA OF POTENTIAL
SEA-WATER INTRUSION DURING THE LATE FORTIES BY THE SANTA CLARA WATER
ConservaTION DisTRICT, anD 0y THE U. S. GeoLoGicaL SurRveEY (REF. 56).
From 19571 To THE PRESENT TIME, THE WATER SAMPLING PROGRAM HAS BEEN MUCH
MORE SYSTEMATICe PERIODIC SAMPLING OF DBOTH SURFACE WATERS AND WELL
WATERS 1S CURRENTLY DEING UNDERTAKEN BY THE STATE DEPARTMENT OF WATER
ReEsources, VENTURA COUNTY WATER RESOURCES Divistion, anD bY THE UNITED
WATER ConseRvAaTION DisTRICT. MoST OF THE EARLIER ANALYSES WERE MADE OY
THE FRUIT GROWERS LABORATORY, AND MANY CAN DS FOUND [N REPORTS PREPARED
oy L. T. Suare (ReFs. 32, 62, 63)s ALMOST ALL OF THE SURFACE WATER AND
GROUND WATER ANALYSES DATING FROM AFTER BuLLETIN 46A WERE GCOMPILED AND
RECENTLY RELEASED AS APPENDICES TO STATE DEPARTMENT OF WATER RESOURGES
BuLLeTIn 75 (ReF. 18).
NUMBERING SYSTEMS

CurRRENTLY IN VENTURA COUNTY, TWO WELL NUMBERING SYSTEMS ARE
USED. THE ORIGINAL GRID SYSTEM, DEVELOPED DURING THE BULLETIN 46 N~
VESTIGATION, UTILIZES DLOCKS TWO MILES ON A SI{DE. THESE DLOCKS ARE
NUMBERED FROM WEST TO EAST AND LETTERED FROM NORTH TO SOUTH. WITHIN
EACH BLOCK (AREA FOUR SQUARE MILES) A WELL IS ASSIGNED A NUMBER AS
LocATED. THUS weLL T0-R-57 wouLDo O0E THE 57TH WELL ASSIGNED A NUMBER
WITHIN THE 10-R BLOCK. THERE IS NO INDICATION FROM THE NUMBER AS TO THE

POSITION OF THE WELL WITHIN THE FOUR~SQUARE-MILE AREA.
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THE MORE REGENTLY DEVELOPED NUMBERING SYSTEM [S THAT EMPLOYED
oy THe U. S. GeoLoOGICAL SURVEY AND ADOPTED BY THE STATE DEPARTMENT OF
WATER RESOURCES. 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. IN THIS SYSTEM, EACH SECTION IS

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

D c B | A
3 F G | H
M Lo} k|4
N P Q | R

WITHIN EACH 40-ACRE PLOT THE WELLS ARE NUMBERED [N ORDER, AS LOCATED.
[F A WELL IS DESIGNATED As 3N/20W-11N1, IT iIs LocATED IN SeEcTION 11 OF
TownsH!P 3 NorTH, RanGge 20 WesT. [T Is FURTHER LoCATED (N THE '"N" prLoOT,

1

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

DiSTRICT ARE REFERENGCED TO THE SAN BERNARDINO Base anD MeriIDiAN (S.B.B.M.).

IN 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 SI1ZE OR ELIMINATED. |IN UNUSUALLY LARGE SEGCTIONS, THE WEST
AND SOUTH ROWS OF LETTERED PLOTS ARE EXPANDED. |

IN THE PRESENT REPORT, THE UeSeGeS,~STATE SYSTEM WILL OE USED.
LOCATING A WELL IMMEDIATELY TO THE NEAREST 40 AGRES HAS BEEN FOUND TO
BE A DISTINCT ADVANTAGEs FOR MANY REASONS IT 1S RECOMMENDED THAT THE
DISTRICT GRADUALLY SWITCH TO THE UeS.GaS.~STATE SYSTEMe THIS SYSTEM
HAS DECOME STANDARD [N THE ENTIRE STATE OF CALIFORNIA AND (S USED ALSO
IN MANY OTHER STATES DY STATE ORGANIZATIONS anD THE U. S. GEOLOGICAL
SurvEY. THE CaLIForRNIA DEPARTMENT OF WATER RESOURCES IS CURRENTLY
ADAPTING THIS NUMBERING SYSTEM TO PROCESSING OF HYDROLOGIC DATA IN
COMPUTING MACHINES, . T0..ASSLST - IN..CHANGING FROM VENTURA COUNTY_NUMBERS TO.

STATE NUMDERS, THERE |S NOW AVAILADLE A PUBLISHED CROSS—INDEX (Rer. 18).
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CHAPTER 1
DETAILED GROUND WATER HYDROLOGY

"PIRU BASIN

BOUNDARIES

THE PIRU BASIN REFERS TO THE AREA OF GROUND WATER STORAGE
WHICH 1S THE FARTHEST UPSTREAM OF THE MAJOR AGRIGULTURAL AREAS OF
THE UNniTeED WATER ConservaTioN DisTRiCcT. THE BOUNDARIES ARE AS GI!VEN
IN PLaTE 4. THE EASTERN DOUNDARY IS PLACED 0.7 STREAM MILES 0ELOW
THE VENTURA COuNTY GAGING STATION AT Brue CuT, AT A PLACE WHERE THE
ALLUVIUM 1S THIN AND UNDERLAIN BY NONWATER-BEARING ROCKS. THE
WESTERN BOUNDARY MUST BE SELECTED ON A SOMEWHAT ARBITRARY BASIS, ABOUT
WHERE THE VALLEY REAGHES. A MINIMUM WIDTH. IN THE VIGCINITY OF THIS
BOUNDARY 1S A REACH OF PERIODIC RISING WATER., THE ALLUVIAL MATERIALS
HERE ARE NOT NOTICEADLY THINNER THAN ELSEWHERE, AND THEY ARE UNDERLAIN
BY PERMEABLE FRESH-WATER-BEARING 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 BY THE ALLUVIAL DEPOSITS OF PIRu CREEK AND
THE SanTa Ciara RIVER. INCLUDED WITHIN THE PIRU BASIN ARE THE TERRACES
ALONG THE SOUTH SIDE OF THE RIVER IN SECTIONS 29, 31, ano 32, ThN, R18W,
ALTHOUGH THE AQUIFERS BENEATH THESE TERRACES ARE AT TIMES NOT !N FREE
HYDROLOGIC CONTINUITY WITH THE MAIN ALLUVIAL WATERS. AS S0 DEFINED,
THE PiRrRU Basin covERS aN AREA OF 7025 aAcres. FOR PURPOSES OF COMPUTING
RAINFALL PENETRATION, A SOMEWHAT LARGER AREA OF 8285 ACREsS s ‘USED
(PLaTe 4). WITHIN THE ADDITIONAL, PERIPHERAL 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
HopPER CREEk CANYON, THOUGH VERY EXTENSIVE, !S SPECIFICALLY EXCLUDED HERE
BECAUSE HoPPER CREEK HAS ERODED INTO HARD ROCK MEAR TS MOUTH, AND SUGH
RAINFALL AS MAY PENETRATE IS CONSIDERED TO ENTER THE GROUND WATER BASIN
AS SURFACE FLOW.
GROUND WATER GEOLOGY

GeneraL GEeEoLOGY

BroapLY SPEAKING, THE PiRu BASIN IS A REACH OF THE EXTENS!VE
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THE MOUTH OF FaAiRVIEW CANYON RESTRICTS THE RIVER SOMEWHAT, BUT THERE
SEEMS LITTLE DOUBT THAT THE RJVER NEAR THE WESTERN BAS|IN GOUNDARY HAS
LN THE .PAST REACHED CLOSE .TO.THE NORTH. WALL.

- THE‘RECENT ALLuvaM 6EPaSlTED BY THE>SANTA CLARA RIVER Is
PRIMARILY COARSE SAND AND GRAVEL. FELSEWHERE (N THE PiRU BasiIN THE RECENT
ALLUVIUM CONTAINS LAYERS OF MUCH LOWER PERMEAB{LITY. THESE FINER-GRAINED
LAYERS, INCLUDING SOME éLAYs, PRODABLY REPRESENT ANCIENT INTER=STREAM
OR INTER-FAN AREAS. [N MANY PLACES NORTH OF THE PRESENT CHANNEL OF
THE SanTAa CLaRA RIVER, THESE GLAYS 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
PERMEABILITY MOVE DOWNWARD TO THE MAIN BODY OF GROUND WATER.

EXCEPT AT THE LOWER, WESTERN END OF THE PIRU BAsiIN, THE RECENT
ALLUVIUM BECOMES DEWATERED DURING A PROLONGED PERIOD OF DRY YEARS. AS
A RESULT OF THIS DRAINING, SOME SHALLOW WELLS HAVE GONE DRY. ‘ForRTUNATELY,
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 BY THE
SaNTA CLARA RIVER AND TRIBUTARIES DURING AN EP|SODE DISTINCTLY PRIOR TO
THAT OF THE RECENT ALLUVIUM., THE OLDER ALLUVIUM FILLS BURIED CHANNELS
DEEPER THAN THOSE OGCUPIED BY THE RECENT ALLUVIUM AND IS PRESENT AS TERRACE
DEPOSITS RISING ABOVE THE PRESENT STREAM 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, anD 32, TN, R18W. THROUGHOUT MOST OF THE REMAINDER OF THE BASIN
THE OLDER ALLUVIUM OCCURS AS A LAYER OF VARIABLE THICKNESS DENEATH THE
RECENT aLLuviuM. ON THE CaMuLos RancH, (N SecTion 27, TN, R18W, THE
OLDER ALLUVIUM HAS A THICKNESS OF aAbouT 80 FEET. AT THE STATE FisH
HATCHERY, RECENT ALLUVIUM LIES DIRECTLY ON THE SAN PEDRO FORMATION, AND
OLDER ALLUVIUM 1S ABSENT.  HOWEVER, [N THE BURIED ALLUVIUM=FILLED GHANNEL
SOUTH OF THE STATE FisH HATCHERY, THE BoTTOM 40 FEET OF FILL IS ASSIGNED

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

FrsH HATCHERY MAY BE DUE TO NON-~DEPOSITION, A MORE LIKELY EXPLANAT!ON

18 THAT THE OLDER ALLUVIUM WAS DEPOSITED, THEN LATER REMOVED BY EROS!ION.
IN THE CENTRAL PART OF THE BASIN, SOUTH AND WEST OF THE TOWN OF PIiRU,

THE OLDER ALLUVIUM THICKNESS |8 BETWEEN 30 anp 50 fFeeT.

As COMPARED W!TH THE RECENT ALLUVIUM, THE OLDER ALLUVIUM IS
CHARACTERIZED 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 [MPORTANT THAWN NOW, AND THE DEPOSITS FROM
THE SIDE TRIBUTARIES WERE MORE EXTENSIVELY DEVELOPED.

OLDER ALLUVIUM OVERLIES TRUNGCATED 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
Brue Cut, DURING DROUGHT PERIODS, STATIC WATER TABLES DROP TO WITHIN THE
OLDER ALLUVIAL GRAVELS, BUT THERE HAS BEEN NO EVIDENGE OF COMPLETE
DEWATER!NG. 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
EXGLUSIVE 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 SECTION 27 ,
T4N, R18W, WHERE THE PicOo 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

AS USED IN THIS REPORT, THE TERM 'San PEDRO AQUIFERS" REFERS
TO THE PERMEADLE SANDS AND GRAVELS IN THE HIGHLY FoLDED LowER PLEISTOCENE

MATERIALS WH!CH OVERLIE THE PLIOGENE PI1C0O FORMATION OR THE SANTA BARBARA

- FORMATI1ON.---NEAR “THE BASE OF -THE -FORMAT-ION-I-S--A~-GROUP -OF MARINE -LAYERS:

SOMETIMES CaALLED THE Las PosAs FORMATION. BENEATH THE FIRU BASIN, THESE

BASAL MARINE LAYERS HAVE A THICKNESsS OF agcouT 1000 FEET. THE THICKER

[



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 PREVIOUSLY RECORDED.

ALTHoueH THE SAN PEDRO AQUIFERS UNDERLIE MOST OF THE PIRU
BasiN, THEY ARE NOWHERE IN THIS BASIN EXPOSED AT THE SURFACE. THESE
AQUIFERS ARE PRESENT IN WELL 4N/18W~28C1 BuT IN NO WATER WELLS FARTHER
EAST. THE APPROXIMATE EASTERN LIMIT OF THE SaAN PEDRO FORMATION BENEATH
THE BLANKETING ALLUVIUM 1S SHOWN ON PLATE 4. THE EASTERN PART OF THE
Piru BasiN, HOWEVER, 1S VERY COMPLEX GEOLOGICALLY, AND CONCE!VABLY THE
LIMIT COULD OE 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 PIRU BAasiN BENEATH THE San CavyeTano AND QaAK RinGEe
FauLts (SecTion B-B', PLATE 5). AN EAST-WEST CROSS—SECTION ALONG THE
MAJOR SYNCLINE BENEATH THE PIRU BASIN 1s sHowN IN SeEcTton A=-A' oF PrLaTeE 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, TLN, R18W. To THE WEST THé 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 0F THE PirRU Basin, THE San PeDRO FORMATION
IS PREDOMINANTLY SAND AND GRAVEL WITH LOCAL THIN LAYERS OF CLAY. THESE
PERMEABLE LAYERS EXTEND FAR DEEPER THAN PRESENT=DAY ECONOMICAL DRILLING
DEPTHS. TOWARD THE WESTERN BOUNDARY, THIGCK GCLAYS ARE INTERBEDDED WITH
THE GRAVELLY AQUIFERS, AND ARTESIAN CONDITIONS ARE PRODUCED.

WATER WELLS TAP NUMEROUS SAN PEDRO AQUIFERS OVER MOST OF THE
PirRu Basin. ToTAL DEPTHS RANGE FROM 300 To 650 FEET, AND WELL Y[ELDS
ARE AS HIGH AS 3000 GALLONS PER MINUTE. SPECIFIC CAPACITIES GENERALLY
exceep 100, AND IN ONE WELL THE SPEGIFIC CAPACITY Is 200 GALLONS PER
MINUTE PER FOOT OF DRAWDOWN. NOT ALL PARTS OF THE SaN PEDRO FORMATION
Y1ELD-WATER PROLIFICALLY. - IN SOME ZONES THERE ARE THICK 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 PERCOLAT!ION OF SURFACE
FLOWS ALONG THE CHANNELS OF THE SANTA CLara RIVER, Ptru CrREEK, HoPrPER
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!ILS 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
Brue CuT AND AT THE NARROWS NEAR THE TOWN OF PiRrRuU. STipL 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 FisH HATGCHERY MOVING THROUGH BOTH THE ALLUVIUM AND THE San PEDRO
AQUIFERS. BECAUSE OF THE SLIGHT DECREASE (N WIDTH OF THE VALLEY, BOTH
THE ALLUVI]AL 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 BY THE GENERAL WESTERLY
MOYEMENT OF GROUND WATER, CONFORMING TO THE SLOPE OF THE ALLUVIAL SURFACE.
DURING WET YEARS, THE WATER TADLE RISES WITHIN THE BLANKETING ALLUVIAL
DEPOSITS AND THE SIMPLE WESTERLY FLOW IS EVIDENT FROM THE WATER-LEVEL
conTours (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 NORTHy AFTER THE. ALLUVIAL DEROSITS..ARE DRY,. THE

PUMPING PROGRESSIVELY REMOVES WATER FROM STORAGE IN THE SAN PEDRO AQUIFERS.
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ALLUVIAL STRIP OF THE SanNTa CrLara RIVER. THE MOUNTAINS FLANKING THIS

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

-.COMPOSED OF HARD. NONWATER-BEARING TERTIARY.ROCKS. UNDERLYING AND

COMPLETELY ODBSCURED BY 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. I[N THE DROAD WESTERN PART OF THE PIRuU
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 San 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 VERTICAL Oak Rioece FauLT. THESE COMPLEX GEOLOGIC CONDITI!ONS
ARE DEP!CTED ON SeEcTioN B-B' ofF PrLaTE 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 GCOMPRESSION APPEAR AS OVERTURNED
TERT!ARY LAYERS ON BOTH FLANKS OF THE VALLEY.

ALLUVIAL AQUIFERS

THE UPPERMOST ALLUVIAL LAYERS, PRODABLY OF RECENT AGE, BLANKET
ALMOST THE ENTIRE PIRU BASIN. THESE SURFICIAL LAYERS INCLUDE DEPOSITS
oF THE SanTa Crara River, Piru CrReek, HorpPER CREEK, AND MINOR STREAMS
COMING FROM THE NORTH. NeEaArR BrLue CuT, AT THE EASTERN BOUNDARY OF THE
BASIN, ALLUVIAL DEPOSITS ARE PROBADLY 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 1o 80 FeEeT. |IT APPEARS TO RE THICKEST IN
SecTion 27, TEN, R18W, WHERE THE PROBADLE GASE 1S AT A DEPTH oF 30 FEET.
THERE 1S A GRADUAL THINNING TO THE WEST. SOUTH AND WEST OF THE TOWN OF
PtRU THE AVERAGE THICKNESS 18 ABOUT 70 FEET, WHEREAS AT THE WESTERN DBASIN
DOUNDARY SOUTH OF THE STATE FisH HATCHERY, THE THICKNESS 1S aAsouT 60 FEET.

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

HoprpeER CrREEK, THE SANTA CLARA RIVER HAS NOT BEEN FERMITTED TO SWING [NTOC

THE NORTHERN PART OF THE BaSiIN. WEST 0OF THE HorPPER CREEK FAN, HOWEVER,

THE RIVER HAS OEEN 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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DurRiNG THESE DRY YEARS THE San PEDRO AQUIFERS APPEAR TO BE ISOLATED 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 (PLaTe 6C). From
1) 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
fi 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 PRESENCE OF LOW
‘ SALINITY waTERS 8800 FEET DELOW THE GROUND SURFACE IN LAYERS BEL|EVED
— TO HAVE BEEN DEPOSITED IN OCEAN WATER. ‘
i; OvVER MANY PARTS OF THE PI1RU BASIN, ESPECIALLY ALONG THE SANTA
CLarRA RIVER, WATER ORIGINATING FROM STREAMFLOW, RAINFALL, OR IRRIGATION
RETURN MAY MOVE DOWNWARD FREELY FROM THE GROUND SURFACE TO JOIN THE MAIN
WATER BODY. |IN PLACES IN THE NORTHERN PART OF THE DBASIN SUCH PERGCOLATING
l WATERS ARE PERCHED ON CLAY LAYERS WITHIN THE RECENT ALLUVIUM, THESE
SHALLOW WATERS ARE OFTEN OF INFERIOR QUALITY. DESPITE THIS TEMPORARY
IMPEDIMENT TO DOWNWARD MOVEMENT, THE PERCHED WATERS IN TIME REACH THE
MAIN GROUND WATER BODY. THE RESULT IS5 AN INCREASED AMOUNT OF WATER
r WHICH SHOULD BE cLASSIFIED "IN TRANSIT''. HOWEVER, NO MODIFICATION SEEMS
L NECESSARY [N THE GENERAL VIEW THAT THIS 1S A BASIN CHARACTERIZED BY A
FREE WATER TABLE.
FLUCTUATIONS OF WATER LEVELS

THE HYOROGRAPH OF weLlL U4N/18W-27B2 (PLaTE 7) IS CONSIDERED
REPRESENTATIVE OF THE EXTREME EASTERN PART OF THE PIRU BaASIN WHERE REGENT
AND OLDER ALLUVIUM OVERLIE NONWATER~BEARING PiCO FORMATION. ALTHOUGH

THE EFFECTS 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 Brue Cur

AND TO PERCOLATION OF RISING WATER AND FLOOD FLOWS. FAILING RECHARGE
THROUGH THE PER10DS 1947-51 anp 1952-57 s EVIDENT, BUT THERE IS SUGGESTED

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

FARTHER DOWNSTREAM I8 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 PERLOD
OF THE EARLY FORTIES (1941-47), WATER LEVELS WERE HIGH AND THE DASAL .
ALLUVIAL DEPOSITS REMAINED SATURATED. ODUE 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 YIELBS AND RELATIVELY
MINOR RECHARGE. IN EARLY 1952, RECHARGING WATER MOVED THROUGH THE
ALLUVIAL DLANKET, FILLED THE UNWATERED PORTIONS OF THE SaAN PEDRO AQUIFERS
AND PRODUCED A SHARP RISE IN WATER LEVELS. THOUGH CONSIDERADLE [N VOLUME,
THIS REPLENISHMENT WAS OBARELY 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 IMMEDIATELY AND CONTINUED To 1957. THE RECOVERY IN
1958 was ALMOST AS GOOD AS IN 1952.

TYPiCAL OF THE WATER-LEVEL FLUCTUATIONS NEAR THE WESTERN DOUNDARY
OF THE PiRU BASIN ARE THOSE SHOWN BY WELL 4N/19W-33J1(PLaTE 7). ALTHOUGH
THIS HYDROGRAPH BEARS A RESEMBLANCE TO THAT OF WeELL 30G2, THE DIFFERENCES
ARE SIGNIFICANT. [N THE WESTERN AREA, NOT ONLY 1S THE RANGE OF WATER~-
LEVEL FLUCTUATIONS OF SMALLER MAGNITUDE, BUT THE WATER LEVELS REMAIN
HIGH I[N THE ALLUVIAL DEFOS!{TS, THE PERSISTENTLY HIGH WATER LEVELS REFLECT
THE REDUCED CROSS~SECTIONAL AREA OF PERMEADLE MATERIALS THROUGH WHICH
THE UNDERFLOW MUST MOVE. DURING A PROLONGED DROUGHT PERIOD THERE 1S 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 0F 1947-57 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 anD 1958, THE RECOVERY WAS ESSENTIALLY COMPLETE} IN
CONTRAST WITH THIS IS THE INCOMPLETE RECOVERY OF WeELL 30G2 inN 1952 anD

in 1958,

THE UNUSUAL HYDROGRAPH OF WeELL 4N/18W-29P5 (PrLaTE 7) INDICATES
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A DBODY OF GROUND WATER WHICH IS NOT FREELY CONNECTED WITH THE MAIN ALLUVIAL
DEPOSITS. THIS 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 REFLEGTING HEAVY DRY SEASON
PUMPINGs |T IS SUGGESTED THAT DURING THESE YEARS THERE WAS GOOD LATERAL
RECHARGE FROM SATURATED GRAVELS UPSLOPE TO THE SOUTH. DEPLETION COMMENCED
tN 1944 AND GENERALLY HAS GCONTINUED TO THE PRESENT. THE RECOVERIES I[N
1952 anD In 1958 SHOULD HAVE BEEN BETTER |F WATER HAD BEEN ABLE TO MOVE
FREELY FROM THE MAIN ALLUVIUM INTO THESE TERRACE GRAVELS. RECOVERIES
DURING A PERIOD OF WET YEARS SHOULD BE CONS&DERADLY BETTER.
STORAGE CAPACITY

THE STORAGE CAPACITY OF THE AQUIFER MATERIALS WAS CALCULATED
BY APPLYING UNIT SPECIFIC YJELD VALUES TO THE LITHOLOGI!ES OBTAINED FROM
WATER WELL LOGS. THE UNIT SPECIFIC YIELD VALUES USED ARE GIVEN IN
Taore =1, WITHIN GEOLOGICALLY HOMOGENEOUS GELLS, EACH I(NCLUDING A GROUP
OF WELLS, AVERAGE SPECIFIC YIELD VALUES WERE ASSIGNED TO EACH 25-F00T
INTERVAL BELOW THE MAXIMUM WATER SURFAGE, WHICH WAS ASSUMED TO HAVE
OCCURRED IN THE SPRING oF 1944, THE sToraGE DEPLETLON curveE (PraTe 8)
WAS CONSTRUCTED BY RELATING HISTORIC WATER-LEVEL ELEVATIONS OF WELL
4N/18W~30G2 To THE UNWATERED STORAGE CAPACITY DERIVED FROM THE SPECIFIC
YIELD STuUuDY. THE WATER SURFACE ELEVATION IN WELL 30G2 SHOWS A RANGE
FROM A MAXIMUM oF 602 FEET IN THE SPRING OF 1944 10 A MiINniMuM oF 450 FeeT
IN THE FarLt oF 1951, ASSUMING A FULL BASIN WITH NO AVAILABLE STORAGE
IN THE SPRING 0F 1944, THE MAXIMUM STORAGE DEPLETION OCCURRED IN THE
FaLL oF 1951 anp amMounTED TO 113,000 ACRE-FEET.

FILLMORE BASIN

BOUNDARIES

THE MIDDLE AND LARGEST UPSTREAM BASIN IN THE UNITED “WATER
ConsERVATION 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 TO0 THE CiTY oF SanTa Paura. THIs
BROAD AGRIGULTURAL AREA IS RELATED TO THE JUNCTION OF THE SanTa CLARA
RIVER WiTH SesPe 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 %
SAND 25
SAND & GRAVEL 21
GRAVEL 18
BOULDERS 15
SANDY CLAY _ _ 5
SOIL, CLAY, & SILTY CLAY 3
YELLOW CLAY 3
BLUE CLAY 1

SAN PEDRO FORMATIQON
SAND, INCLUDING CEMENTED SAND 18
SAND & GRAVEL 16
GRAVEL 14

GRAVEL & CLAY, CONGLOMERATE
CLAY, SANDY CLAY

N
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WHERE GROUND WATER STORAGE IS ONLY TEMPORARY, IS NOT CONSIDERED IN THE
DASIN. THE EASTERN DBOUNDARY, WHICH TRENDS NORTH~SOUTH, IS PLACED AT THE
TOPOGRAPHIC NARROWING AT THE STATE FisH HATCHERY: ALONG SespPe CREEK THE
BOUNDARY IS TAKEN AT THE GAGING STATION, WHICH IS THE NORTHERNMOST LIMIT
OF APPREC|ABLE THICKNESS OF ALLUVIUM. THE WESTERN OR DOWNSTREAM BOUNDARY
IS AN ARBDITRARY LINE TRENDING ACROSS THE VALLEY IN AN AREA OF TOPOGRAPHIC
CONSTRICTION AND PERENNIAL RISING WATER. THE REMAINDER OF THE BOUNDARY
CUTLINES THE AREA OF MORE OR LESS PERMANENT GROUND WATER STORAGE. THE
AREA OF THE FiLLMORE Basin 1s 18,580 acres.

FOR PURPOSES OF COMPUTING RAINFALL PENETRATION, SOME AREAS
BEYOND THE GROUND WATER BASIN ARE INCLUDED. ESPECIALLY IMPORTANT 1S THE
BROAD ALLUVIAL FiLL OF TiMBER CREEK. FLANKING THE BASIN ON THE NORTH,
BUT ONLY WEST oF SeEsPE CREEK, IS A LARGE EXPOSURE OF THE SaN PEDRO
FORMATION (PLaTE 9). THis ouTcroP AREA oF 2080 ACRES IS NOT INGLUDED
WITHIN THE RAINFALL PENETRAT{ON ZONE, EVEN THOUGH THE SaN PEDRO FORMATION

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

MINOR 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 SbUTH WITHIN THE BASIN THESE BEDS ARE MUCH DEEPER

THAN ANY EXISTING WATER WELL, IF RAIN WATER WERE TO PENETRATE {NTQO THESE
BEDS {T WOULD NOT CIRCULATE FREELY BECAUSE THERE S NO REMOVAL OF WATER
FROM THESE BEDS, EITHER THiROUGH PUMPING OR NATURAL DRAINAGE. THE
ASSIGNED ZONE OF RAINFALL PEMNETRATION compklsEs 19,830 acres.

GROUND WATER GEOLOGY '

GENERrRAL GEoOLOGY

THE FILLMORE BASIN CAN BE DIVIDED GENERALLY INTO TWO PARTS .

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

IS COVERED MAINLY 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 BASIN. THE LATE
ALLUVIAL DEPOSITS OF SesPeE CREEK START AT THE NORTHEAST CORNER OF THE
BASIN AND EXTEND SOUTHWESTERLY TO JOIN THE ALLUVIUM OF THE RIVER. BETWEEN
THESE TWO YOUNG ALLUVIAL STRIPS {S THE ALLUVIAL FAN. OF PoLeE CREEK, ON
wHicH THE CiTY oF FILLMORE S LOCATED.

THE SMALLER NORTH=-CENTRAL PORTION OF THE FiLLMORE BasIN IS
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PESIGNATED THE Sespe UpLanDd (PLATE 9); IT LIES NORTH OF THE SANTA CLARA
RivER ALLUVIUM AND WEST OF THE SEsPe CREEK ALLUVI UM, In THE SeEsPeE UpPLaAND

THE SURFACE SLOPES ARE PREDOMINANTLY TO THE SOUTH AND THE SURFICIAL

DEPOSITS ARE MAINLY STEEP ALLUVIAL FAN MATER|ALS 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 Bourper (LoRrp)
CANYON. IN THE SOUTHERN PART 0F THE SeEspe UPLAND IS A PROMINENT GEOLOGIC
STRUGTURE WHICH TRENDS SOUTHWESTERLY FROM SecTion 34, TAN, R20W. THis
UPLIFT OoF OLDER ALLUVIUM HAS EFFECTIVELY PREVENTED BOTH SEsPrE CREEK AND
THE SanTa CLara RIVER FROM SWINGING NORTH AND ENCROACHING UPON THE ALLUVIAL
FANS. WesT oF THE TimBeER CANYON FAN, HOWEVER, THIS UPLIFT IN VERY RECENT
TIMES CEASED TO BE A BARRIER, AND THE SANTA CLARA RIVER WAS ABLE TO
SWING NORTH 1IN Section 1, T3N, R21W.

BROADLY SPEAKING THE EXISTENCE OF THE FILLMORE BASIN AS A
LOW=LYING TOPOGRAPHIC AREA CAN BE EXPLAINED OY DIFFERENTIAL sréEAM 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 FiLLmMoRE BASIN ON THE SOUTH ARE VERY HARD] THESE HAVE BEEN THRUST
OVER THE SAN PEDRO FORMATION ALONG THE Oak Ripce Faurt (Section B-B',
PLaTe 10). IN LATER GEOGLOGIC TIME THE MAIN DRAINAGE HAS BEEN CONFINED

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

"WHICH IS EXPLAINED OY 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 DLANKET THE SaN PEDRO FORMATION
IN THE FILLMORE BASIN ARE BEST DISCUSSED AS Two SEPARATE uUNITS: (1) THE
MAIN STREAM ALLuviuM, anD (2) THE ALLUVIAL BLANKET OF THE SESPE UPLAND.
IN THE CHANNEL TO THE SOUTH OF THE STATE FisH HATCHERY, AT THE UPSTREAM
BOUNDARY OF THE FILLMORE BasiN, THE RECENT SANDS AND GRAVELS OF THE SANTA
CLarAa 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 DOE AS MUCH
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As 120 FEET. STILL FARTHER WEST, AT THE DOWNSTREAM BOUNDARY OF THE BASIN,
THE RECENT ALLUVIUM IS IN THE RANGE oF 60 To 65 FEET THICK. JUST WEST
oF THE CITY OF FILLMORE THE ALLUVIUM. OF SESPE CREEK 18 CLOSE T6 80 FEET
THICKs THE MATERIALS DEPOSITED BY BOTH THE SanTA CLARA RIVER aAND SESPE
CREEK ARE VERY PERMEABLE, AND WATER SEEMS TO MOVE FREELY THROUGH THESE
DOTH LATERALLY AND VERTICALLY. ALONG THE SOUTHERN BORDER OF THE BASIN
THE RECENT ALLUVIUM IS INTERBEDDED WI!TH SIDE DEPOSITS SHED FROM SOUTH
MouNTAIN. THESE INCLUDE SOME WELL-CEDDED MATERIALS OF ALLUVIAL FAN ORIGIN
CbNTAiNING PERMEABLE ZONES WHICH ARE NOT HYDROLOGICALLY CONNECTED WI{TH
THE MAIN ALLUVIUM. THERE ARE PRODABLY ALSO AT DEPTH SOME ANCIENT
HETEROGENEOUS LANDSLIDE MATERIALS INTERBEDDED WITH THE MAIN ALLUVIUM.
SEVERAL LARGE LANDSLIDES STILL IN EVIDENCE ATTEST TO THE PROBABILITY OF
SUCH ACTIVITIES IN THE PAST. THE LATERAL DEPOSITS JUST MENTIONED, AS
WELL AS THE MAIN ALLUVIUM, LIE IN PART UPON AN EROSIGNAL BENCH CUT INTO
THE OLDER ROCKS WHICH WERE THRUST UPWARD BY THE Oaxk RipbGge FaurT. THE
"pgENCH' 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 IS DIRECTLY UNDERLAIN BY THE SaN PEDRO FORMATION.

THE SURFICIAL MATERIALS OF THE SESPE UPLAND ARE A COMPLEX OF
TERRACE DEPOSITS, 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 DISTURDBED 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 SecTion 34, T4N,
R20W. A GOOD EXPOSURE OF THE TILTED LAYERS MAY BDE SEEN ON THE DBLUFF
ALONG THE WEST LINE OF SecTior 34 a FEW HUNDRED YARDS NORTH OF TELEGRAPH
Roap. To THE SOUTHWEST THE RIDGE WAS NOT SO HIGH AND IT HAS DEEN
OVERWHELMED BY YOUNG FAN DEPOSITS SUPPLIED FROM THE NORTH. IHE OLDER
ALLUVIAL DEPOSITS OF THE SEsSPE UPLAND CONTAIN LARGE QUANTITIES OF CLAY,
AND FROM WELL LOGS THE SHARP NORTHERN DOUNDARY OF THE REGENT ALLUVIUM
IS EASILY TRAGED WESTWARD FROM THE EAST LINE oF SecTion 34, TN, R20W.
FrROM THE INFORMATION AVAILABLE, [T APPEARS THAT THE RECENT ALLUVIUM WAS
BACKFILLED ALONG A SCARP CUT - IN CLAYEY DEPOSITS OF OLDER ALLUVIUM
(Section C-C', PLaTe 10). IN THE Sespe UPLAND THE WELL LOGS DO NOT

PERMIT A READY SEPARATION OF THE VARIOUS STAGES OF ALLUVIAL FliLL, AND

f1=-12



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. RUNQFF FROM THE NORTH .1S ABLE 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 UNGCONFORMITY, WHICH CAUSED A FREE
DRAINAGE TO THE SOUTH, IT IS DOUBTFUL THAT THE WATER TABLE IN THE ALLUVIAL
DEPOSITS WAS ADLE TO BUILD UP MUCH MORE THAN 10 oR 20 FEET ABOVE THE
UNCONFORMITY,

SaN Peporo ForMATION

THE SaN PEDRO FORMATION UNDERLIES PRAGTICALLY ALL OF THE
Firumore Basin. THE BASIN EXISTS, IN FACT, BECAUSE THE SanTA CLARA
Rtver aAND Sespe CREEK WERE ABLE TO ERODE MORE QUICKLY ON THE SOFT,
DOWNFAULTED SAN PEDRO SEDIMENTS THAN ON THE OLDER, HARDER ROCKS WHICH
FLANK THEM., THE FILLMORE BASIN OCCUPIES A PORTION OF THE EXTENSIVE EAST-
WEST SYNCLINE COMPRESSED BETWEEN TWO HUGE THRUST FAULTS., ON THE SOUTH
i1s THE Oak RipGE FAULT WHOSE TRACE IS NO LONGER VISIBLE. STRONG LATERAL
EROSION BY THE SanNTA CLARA RIVER CAUSED A SOUTHWARD RETREAT OF THE FAULT
SCARP AND THE TRAGE IS5 NOW COVERED BY ALLUV)UM. THOUGH BURIED, THE FAULT
HAS IN PLACES DEEN ACGURATELY LOGATED. THE [Rwin Berviwoop #4 oiL weLL
in THE SW1/4, SecTtion 1, T3N, R20W REACHED THE FAULT PLANE AT A DEPTH OF
3700 FEET. THE Texas Basoro #1 ofL WELL, NEAR THE SOUTHEAST CORNER OF
SecTion 31, TN, R19W ALSO PENETRATED THE FAULT PLANE == AT A DEPTH OF
2355 FEET. IN DOTH WELLS THE DRILL PENETRATED ALLUVIUM, THEN THE SESPE
FORMATION (EOCENE), AND THEN BENEATH THE HIGH=ANGLE SOUTH=D[PPING REVERSE
FAULT, THE SAN PEDORO FORMATION. THE STRUCTURAL CONDITIONS ARE SHOWN ON
SecTion B-B' oF PLaTe 10,

THE NORTHERN THRUST FAULT == THE SAN CAYETANO FAULT == IS
CLOSE TO THE BASIN BOUNDARY ONLY IN THE EASTERN PART OF THE OASIN, WHERE
ITS STEEP SCARP APPEARS IN THE NORTHEASTERN PART OF THE CiTy ofF FiLLMORE.
SEVERAL O!L WELLS ALONG THIS SCARP WERE DRILLED INTO THE San PeEbro
FORMAT!ON AFTER HAVING PASSED THROUGH THE MobeELo ForRMaTION (MioceNE).

THE FAULT TRACE HERE IS ALSO VENEERED WITH ALLUVIUM, AND 1S PROBABLY VERY
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CLOSE TQO THE BASE OF'THE SCARP. Tue San CavETANO FAULT 1S EXPOSED AT

THE SURFACE JUST WEST Oé SesPE CREEK NEAR THE NORTHERN TIP OF THE BASIN,
AND TO THE WEST THE FAULT OUTCROP RISES TO HIGH ELEVATIONS AND 1S EXPOSED
CONTINUOUSLY.,. FLankineg THE SeEspeE UPLAND ON THE NORTH IS A STRIP OF San
PEDRO OUTCROPS. BETWEEN THOSE AND THE SAN CAYETANG FAULT ARE EAST-WEST

OUTCROP DBELTS OF THE SanNTA BARBARA FORMATION AND THE PlicO FORMATION. THE

EXPOSED BAasaL 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 PLAGES
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 SECTION 34, T@N, R20W. THIS LAST FEATURE WAS FORMED AT A TIME
MUCH LATER THAN THE MAIN FAULTING.

ALONG THE AXI1S OF THE SYNCLINE IN THE FiLLMORE BASIN THE BASE

OF THE SaN PEDRO FORMATION IS AT GREAT DEPTH (SecTion A-A', PraTe 10).

WESTERLY FROM A SLIGHT ARCH DENEATH THE STATE FisH HATCHERY THE BASE DROPS,

AND NEAR THE BARDSDALE BRIDGE REACHES A DEPTH OF 8430 FEeT. THE ELEGCTRIC
LOGS OF OlL WELLS NEAR THE BARDSDALE BRIDGE INDICATE FAIRLY FRESH WATERS
AT DEPTHS OF AS MUGH as 7000 FeEeT. WESTERLY FROM THE BARDSDALE BRiDGE

THE BASE OF THE SAN PEDRO FORMATION CLIMBS AND AT THE LOWER BASIN BOUNDARY
1S AT A DEPTH ofF 5000 To 6000 FEET.

SOURCES OF RECHARGE

THE FILLMORE BASIN IS RECHARGED PRIMARILY BY PERCQLATION OF THE
SURFACE FLOWS IN THE SANTA CLarRa River anD IN Sesre CREEK., IN THE SESPE
UPLAND THE REGHARGE IS FROM PERCOLATION OF THE SURFAGE FLOWS COMING FROM
THE NORTH, ESPECIALLY TIMBER CReEEk aND BouLpber (Lorp) CREEK. A SMALL
PORT!ON OF THE PERCOLATION RECHARGE HAS ITS ORIGIN |IN RUNOFF FROM SOUTH
MouNTAIN. A LARGE QUANTITY OF RECHARGE IS DERI|IVED FROM THE PENETRATION

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

PERSISTENT SOURCE OF RECHARGE |S THE UNDERFLOW WHICH ENTERS THE FJLLMORE

BASIN FROM THE EAST, THROUGH DBOTH THE ALLUVIAL DEPOSITS AND THE SAN

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

IS NOT CONSIDERED SIGNIFICANT,

BASIN QUTFLOW

AT THE LOWER DASIN BOUNDARY, WHERE THE MAIN ALLUVIUM ANO

PROBADLY ALSO THE MAJOR PERMEABLE ZONES IN THE SAN PEDRO FORMATION ARE
CONSTRICTED IN CROSS~SECTIONAL AREA, THERE [S A FAIRLY CONSTANT UNDERFLOW
INTO THE SANTA PauiLa BasinN. MORE 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 1957 THE FLOW DROPFED
TO AS LOW AS 3 CUBIC FEET PER SECOND. IN THE AREA OF HMIGH WATER LEVELS
NEAR THE LOWER BASIN DBOUNDARY, RISING WATER IS DJIVERTED, AND WATER IS

PUMPED FROM THE SAN PEDRO FORMATION; THESE WATERS ARE TRANSPORTED WESTERLY
FOR USE IN THE SANTA Pauta 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.
BENEATH THE SESPE UPLAND GROUND WATER MOVEMENT IS PREDOMINANTLY TO THE
SOUTH AND DOWNSLOPE, ALTHOUGH WEST OF FILLMORE AND NEAR THE LOWER BASIN
BOUNDARY THE MOVEMENTS ARE SOUTHWESTERLY. THE TYPICAL PATTERN 15 SHOWN
WHEN THE BASIN 1S FULL AS IN THE SPRING OF 194L, OR FOLLOWING HEAVY
RECHARGE AS IN THE SPrRiNG oF 1958 (PrLaTe 11).

AT TiMES OF Low wATER teveLs (FaLL, 1957, PLaTE 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 SESPE UPLAND
HAD DRAINED AND LOGCAL PUMFING HAD CAUSED DEPLETION OF SOME OF THE San

PeEporo 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 WIiTHIN 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 TRUNGATED SOUTH~
DIPPING SAN PEDRO AQUIFERS WHICH HAD DEEN DEWATERED BY PUMPING DURING
THE PREVIOUS DRY YEARS. THE VOLUME DEWATERED 1S SMALL AND FILLS QUIGKLY
AS RECHARGE OCCURS. FOLLOWING A SINGLE WET YEAR SUCH AS 1951—52 THE WATER
RECHARGED TO THE ALLUVIAL FAN DEPOSITS QUIGCKLY DRAINS DOWNSLOPE OR INTO
THE DEWAfERED PORTIONS OF THE SAN PEDRO .AQUIFERS; IN A YEAR OR TWO THE
ALLUVIAL FAN DEPOSITS ARE AGAIN DRY.

WITHIN THE SAN PEDRO FORMATION, WATER MOVEMENTS BENEATH THE
SesPe UPLAND ARE SOUTHERLY IN THE DOWND!P DIRECTION, BUT IN ADDITION
THERE MUST BE SOME WESTERLY COMPONENTS OF FLOWs. NEAR THE AX!S OF THE
SYNCLINE, BENEATH THE MAIN RIVER ALLUVIUM, WATER MOVEMENTS IN THE PERMEADBLE
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 OCCUR IN THE TERRACE GRAVELS FLANKING
SouTH MOUNTAIN. THE WATER IN THE SHALLOWER PERMEADLE ZONES PROBABLY
RATHER EASILY REACHES THE MA{N RIVER ALLUVIUM, BUT IN THE DEEPER PERMEAGLE

ZONES OF THE TERRACE DEPOSITS THE HYDROLOGIC CONTINUITY IS RESTRICTED.

FLUCTUATIONS 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 IN THE FILLMORE BASIN. THE LOWERING OF WATER LEVELS DURING DROUGHT
PERIODS HAS DEEN ONLY A FEW TENS OF FEET, |IN WET PERI1ODS, RECOVERY IS
RAPID AND FAIRLY COMPLETE.,

THE HYDROGRAPHS OF WeELLS 3N/20W=10F1 anD 4N/19W-31E1 ARE
CHARACTERISTIC OF WATER-LEVEL FLUCTUATIONS IN THE SAnNTA CLARA RIVER
ALLUVIUM IN THE Froumore Basin. Werr 31E1 (PLATE 12) TYPIFIES THE LARGER

FLUCTUATIONS OF WATER LEVELS IN THE UPSTREAM PORTION OF THE BASIN, WHERE

. THE. MAXIMUM RANGE HAS DBEEN.ON THE ORDER OF 50-FEET. -THE HIGHEST WATER

LEVEL FOLLOWING THE HEAVY RECHARGE COF EARLY 1952 WAS NOT REACHED UNTIL

EARLY tN 1953, THE SAME TYPE OF RESPONSE CAN BFE NOTED IN WELLS AT THE
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PLATE (2

DATUM

v.S.6.5.
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LOWER END OF THE PIRU BasinN. THE ONSET OF PUMPING FROM WELLS I[N THE

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

DEEN A SINGLE RECHARGE PEAK. THE G0OD, BUT INCOMPLETE REGOVERY IN 1952

AND 1é53 lNoiéATes THAf A SINGLE VERY WET YEAR WILL NOT FILL THE GROUND
WATER BDASIN TO CAPACITY.,

THE STRONG MOVEMENT OF WATER WESTERLY TOWARD THE LOWER BASIN
BOUNDARY 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 GASIN BOUNDARY, THE HYDROGRAPH (PLATE 12) REFLECTS
THE STABILITY OF WATER LEVELS, THOUGH NOT TO THE FULL DEGREE, THAT WOULD
BE EXPECTED AT THE LCWER BASIN COUNDARY. AT wetl 10F71 THE TOTAL
FLUGTUATION IS ONLY ABouT 20 FEET; FURTHERMORE, RECOVERY 1S QUICKER AND
MORE NEARLY COMPLETE THAN UPSTREAM WHERE THE EFFECTS OF THE ALLUVIAL
CONSTRICTION 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.
Wert 3N/19W-5D1 (PraTe 12) |s PERFORATED IN GCONFINED TERRACE GRAVELS
DEPOSITED FROM SouTH MOUNTAIN STREAMS. WITH PUMPING, THESE GRAVELS ARE
DRAINED DURING DROUGHT PERIODS, AND ALTHOUGH THEREHIS SATURATED MAIN
RIVER ALLUVIUM NEARDY, RECHARGE FROM THAT SOURCE 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 IN THE Sespe UPLAND SHOW A VARIETY OF WATER-LEVEL
RESPONSES. AS DESCRIDED ABOVE, THERE 1S A GROUP OF ALLUVIAL FAN AND
TERRACE DEPOSITS LYING ON A SOUTH-SLOPING SURFACE ERODED ON soQTH—
DIPPING LAYERS OF THE San PEDRO FORMATION. FOLLOWING WET YEARS, RECHARGE
WATER MOVES DOWNWARD TO THE UNCONFORMITY AND PRODUCES A FREE WATER TADLE
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 werk 3N/20W-
5C1 (PLaTE 12) THE BASE OF THE ALLUV!AL DEPOSITS IS AT AN ELEVATION OF
ABOUT 307, WHEN THE ALLUVIAL DEPOSITS HAVE BEEN DRAINED AND THE
CONTINUING PUMPAGE EXTRACTS ONLY FROM CONFINED AQU[FERSblN fHé.SA~ PebRrRo

FORMATION, THE WATER LEVELS DROP SHARPLY. SIMILARLY, 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 FLUGTUATIONS 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 (1=-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-TADLE SURFAGCE, WHICH OGCCURRED IN THE SPRING OF 194k, Tue
STORAGE DEPLETION GCURVE (PLATE 8) WAS CONSTRUGTED BY RELATING HISTORIGC
WATER-LEVEL MEASUREMENTS OF wELL 4N/19W-31E1 To THE UNWATERED STORAGE
CAPACITY DERIVED FROM THE SPECIFIC YIELD STUDY. THE WATER=-SURFACGE

ELEVATION IN WELL 371E71 SHOWS A RANGE FROM A MAXIMUM OF 412 IN THE SPRING

oF 1944 To A MiniMuM oF 364 1N THE FaLL ofF 1951. MAXIMUM STORAGE DEPLETION,

IN THE FaLL of 1951, was acouT 80,000 ACRE-~FEET.

SANTA PAULA BASIN

BOUND..MES

THE SanNTA PAULA BaSiN INCLUDES THE DBROAD AREA ALONG THE SANTA
CLarRA RIVER EXTENDING FROM EAST OF SANTA PAULA TO THE VICINITY OF SATICOY.
SanTa PauLa CREEK, A MAJOR TRIBUTARY OF THE SANTA Ciara RIVER, JOINS THE
MAIN STREAM NEAR THE EASTERN SOUNDARY OF THE BASIN, SEVERAL OTHER SMALLER
TRIBUTARIES FLOW INTO THE BASIN FROM THE NORTH, THE MORE IMPORTANT BEING
Faean, Apams, WHEELER AND ALISO CREEKS.

THE AREA COVERED BY THE SANTA Pauta BasiN 1S CONSIDERED TO
COINCIDE WITH THE ALLUVIAL AND TERRACE DEPOSITS ALONG THE SANTA CLARA
RIVER A4S SHOWN ON Prate 13. THE EASTERN BOUNDARY [S ARDBITRARILY PLAGED
AT THE TOPOGRAPHIC AND HYDROLOGIC CONSTRICTION WHICLH EXISTS ABOUT ONE
MILE EAST OF THE CtTy oF SanTa PaurAa. THE BASIN IS EXTENDED UP THE VALLEY
oF SANTA Pauta CREEK TG THE ALLUVIUM=-COVERED GEOLOGI!IC CONTACT CETWEEN
THE PERMEABLE SAN PEDRO FORMATION AND THE UNDERLYING, NONWATER-BEAR!NG
SANTA BARﬁARA FORMATION. THE ALLUVIUM OF THE MINOR TRIDBUTARY VALLEYS
IS COGNSIDERED TO G5FE OUTSIDE OF THE AREA OF MCRE OR LESS PERMANENT GROUND
WATER STORAGE. THE WESTERN DASIN DOUNDARY CONSISTS OF THREE ParRTs: (1)

A REACH OF CONSTRICTED RECENT ALLUVIUM AND RISING WATER; (2) A FAULT wHICH
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PRODUCES A SHARP BREAK IN WATER LEVELS, anD (3) A TOPOGRAPHIC DIVIDE. As

SO DEFINED, THE AREA OF THE SaNTA Paura BasIn 1s 12,980 acres. FOR PURPOSES
OF -COMPUTING RA1NFALLNPENETBAW+QN;*ﬂ"SOMQWH#T“&#RQERWAREA“QF“14;8@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 Pauia Basine. THE SAN PEDRO OUTCROP ZONE IS EXCLUDED
FROM THE RAINFALL PENETRATION AREA BECAUSE (1) THE COARSE BEDS ARE
LENTICULAR AND CLAYEY; AND (2) THE LAYERS EXPOSED DIP 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 SanTa CLARA RIVER RECENT ALLUVIUM. THE SURFACE SLOPES ARE
PREDOMINANTLY TO THE SOUTH AND THE SURFICIAL MATERIAL CONSISTS MOSTLY OF
FINE-GRAINED ALLUVIAL FAN DEPOSITS CARRIED INTO THE BASIN BY THE
TRIBUTARY STREAMS COMING FROM THE NORTH., THE FANS WERE DEPOSITED ON AN
EROSIONAL SURFACE CUT ON THE San PEDRO FORMATION,

THE TOPOGRAPHIGALLY LOW AREA OCCUPIED BY THE SaNnTa PaurLa Basiw
WAS DEVELOPED BY SANTA CLARA RIVER EROSION ALONG THE AXIS OF A SYNCLINALLY
FOLDED BELT OF RELATIVELY SOFT SAN PEDRO SEDIMENTS. THE TERTIARY ROCKS
FLANKING THE BASIN ON THE SOUTH HAVE BEEN THRUST OVER THE SaN PEDRO
FORMATION ALONG THE Oak Ripee FaurT (Section B-B', PLaTe 14). THEe
ALLUVIAL BOUNDARY ALONG TAEVSOUTHERN EDGE OF THE BASIN CLOSELY COINCIDES
WITH THE BURIED TRACE OF THE FAULT. THE SanTa Barsara AND Fico FORMATIONS
UNDERLIE THE SaN PEDRO FORMATION ON THE NCRTHERN LIMB OF THE SYNCLINE.

ALLUVIAL AQUIFERS

THE ALLUVIAL DEPOSITS WHI!CH BLANKET THE SanTa Pauca BasIN ARE .
oF Two Types: (1) THE MAIN RIVER RECENT attuviumy ano (2) THE RECENT 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', PLate 1k,
BENEATH THE SANTA CLARA RIVER, IN THE VICINITY OF WILLARD BRIDGE,

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

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

AND AT THE LOWER DASIN COUNDARY RECENT ALLUVIUM 1S ABOUT 75 FEET THICK.
THE ALLUVIAL MATERIAL UNDER THE NORTHERN PORTION OF THE BASIN
{S A COMPLEX OF TERRACE DEPOSITS, OLDER ALLUVIAL FANS AND MINOR RECENT
ALtuviumM. THE OLDER ALLUVIAL FAN DEPOSITS GONTAIN CONSIDERABLE QUANTITIES
OF CLAY IN THE UPPER PART, DUT PRIMARILY GRAVELS IN THE LOWER PART. THESE
BASAL GRAVELS TRANSMIT LARGE QUANTITIES OF RECHARGE TO THE UNDERLYING
SaNn PEDRO AQUIFERS. THE MAXIMUM THICKNESS OF THE OLDER ALLUVIAL DEPOSITS
APPROACHES 300 FEET. THE MAIN RIVER REGCENT ALLUVIUM WAS APPARENTLY
BACKFILLED ALONG A SCARP CUT INTO THE CLAYEY UPPER PORTION OF THE OLDER
aLLuvium (Section C=C', PrLaTe 14). |
SiAN PEDRO FORMATION
THE San PEDRO FORMATION UNDERLIES THE ALLUVIUM OF THE SANTA
PauLa BasIN NORTH oF THE Oak RiIpGe FauLT. STRONG LATERAL EROSION 8Y 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 THeE Oak
Ribpee FAULT ARE EXPOSED TERTIARY ROCKS OF THE SespPe, Vaqueros, MooeLo,

Pico, anND SanTa BARBARA FORMATIONS., THESE ROCKS ARE CONSIDERED TO BE

NONWATER-BEARING, ALTHOUGH SUFFIJCIENT PERMEABILITY EXISTS IN THE COARSER

STRATA TO ALLOW SMALL QUANTITIES OF POOR QUALITY WATER TO CIRCULATE.
THE San PEDRO FORMATION HAS DEEN FOLDED INTO 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 st EASTERN BOUNDARY OF THE BASIN, SAN PEDRGC SANDS AND GRAVELS
REACH A MAXIMUM DEPTH OF aDBOUT 6000 FEET AND ARE UNDERLAIN BY [(MPERMEADLE
SHALE OF THE SANTA BARBARA FORMATION. AS SHOwWN IN SecTion A-A' oF PrLaTe
14, THE oASE 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 BASIN ON THE NORTH

IS A WIDE STRIP OF SAN PEDRO OUTCROPS. THE EXPOSED Basal San FEDRO LAYERS,

[1-20



STRIKING GENERALLY PARALLEL TO THE NORTH BOUNDARY OF THE BASIN, SHOW
SOUTHERLY DIPS OF ABOUT 50 DEGREES AT THE MOUTH OF SanTa Paura CREEK; THE
DIP ANGLES BEGOME LESS TO THE WEST. IN THE ViCINITY OF THE SANTA PaULA=-
MOUND BASIN BOUNDARY SAN PEDRO STRATA HAVE 15-25 DEGREE SOUTHERLY DIPS.

i\ COMPLEX STRUCTURAL PATTERN OF FOLDING AND FAULTING EXISTS IN
THE SOUTHWESTERN PORTION OF THE DASIN NEAR THE TowN OF SATiCOY. THESE
STRUCTURES ARE RELATED To THE OaAak RIDGE FauLT. THERE IS NO EVIDENCE THAT
THE RECENT ALLUVIUM OF THE SanNTa CLARA RIVER HAS BEEN DISTURBED BY THIS
FAULTING AND SO THE LATEST MOVEMENTS AGE DELIEVED TO HAVE TAKEN PLAGE IN
THE VERY LATE PLEISTOCENE. AT LEAST TWO FAULTS GCAN BE RECOGNIZED, AND
THERE MAY BE SEVERAL MORE. THE CounTrRy Crus Faurt (PLATE 13) TRENDS A
LITTLE SOUTH OF WEST. THE VERT)CAL-DISPLACEMENT SHOWN BY THE BASE OF THE
SAN PEDRO FORMATION MAY BE AS MUCH As 2000 FEeT. THE FRACTURE CAN NOT BE

DETECTED I[N THE MounD BASIN AND THE THROW IS ASSUMED TO DECREASE TO THE

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

BY SURFACE EXPOSURES WHICH CAN DE TRACED ON AERJAL PHOTOGRAPHS ACROSS THE
SaTicoy CouNTRY CLUB AND FOR SOME DISTANCE TO THE WEST. DISPLACEMENT OF
THE BASAL UPPER PLEISTOCENE AQUIFERS HAS CAUSED A SHARP BREAK 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
mMar (REF. 7) ARE PROBABLY RELATED TO THE SAME ARTESIAN PRESSURE. THE
Saticoy Faurt (PLATE 13), TRENDING MORE TOWARD THE SOUTHWEST, IS USED AS
PART OF THE DASIN BOUNDARY. ON THE SOUTH SIDE THE SANTA BarRBARA AND SAN
PEDRO FORMATIONS HAVE DEEN LIFTED IN PLACES To WwiTHIN 100 FEET OF THE
PRESENT GROUND SURFACE. THE VERTICAL DISPLACEMENT APPEARS TO DECREASE IN
A WESTERLY DIRECTICN ALSO. THE SaTlicoY FAULT IS MARKED DY A SHARP BREAK
IN WATER LEVELS.
SOQURCES OF RECH/RGE

THE SanTa PaurLa BASIN IS RECHARGED PRIMARILY DY STREAM PER-
COLAT!ION OF THE SURFACE FLOWS IN THE SanTa Crara RIVER AND SanNnTa Paura
CREEK. A MUCH SMALLER QUANTITY (S CONTRIBUTED GY PERCOLATION OF
TRIBUTARY SURFACE FLOWS COMING FROM THE NORTHa A SI1ZEABLE INCREMENT TO
GROUND WATER STORAGE IS DERIVED FROM THE DEEP PEMETRATION OF RAINFALL ON

THE ALLUVIATED PORTION OF THE DBASIN, UNDERFLOW THROUGH THE ALLUVIUM AND
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THE SaN PEDRO FORMATION FROM FILLMORE BASIN 1S A LARGE AND PERSISTENT
SOURCE OF RECHARGE. /\LL OF THE EFFLUENT FROM THE CITY OF SanTa PauLa
SEWAGE TREATMENT PLANT IS DISCHARGED TO BASINS ADJOINING THE SaANTA CLARA |
RIVER AND REACHES THE WATER TADLE.
B/ASIN QUTFLOW

UNDERFLOW FROM THE SANTA PauLa BaASIN IS CONSIDERED TO OGGUR IN
SIGNIFICANT QUANTITIES ONLY THRCUGH THE RECENT ALLUVIUM ALONG THE SANTA
CLara RIVER CHAMNEL INTO THE MONTALVO BASIN. STRUCTURAL DARRIERS AND
MATERIALS OF LOW PERMEABILITY PRECLUDE THE POSSIGILITY OF ALL BUT MINOR
UNDERFLOW WITHIN THE BASAL UrpeErR 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 SanTa CLarA RIVER
FROM EAST TO WEST AS INDICATED BY THE WATER-LEVEL CONTOURS (PLaTE 15).
WITHIN THE DasAL UPPER PLEISTOCENE AQUIFERS AND THE UNDERLYING SAN PEORO
AQUIFERS THE MOVEMENT IS 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 RESTRICTED OR
REDUCED RECHARGE. SaNTA FPauLa CREEK FAN MATERIAL 1S COARSER AND RECHARGE
To THE BASAL UPPER PLEISTOCENE AQUIFERS FROM THAT STREAM CHANNEL OCCURS
MORE READILY THAN IN OTHER FANS OF THE SanTa PaurLa Basin.

UNDERFLOW 0OUT OF SanNTa PauLa BASIN MOVES FREELY ONLY THROUGH THE
RECENT ALLUVIUM ALONG THE SANTA CLARA RivER. UNDERFLOW FROM THE SANTA
FauLa BasiN To THE MonNTaLvo BASIN WOULD HAVE TO MGVE INTO THE UPLIFTED
BLOCK SOUTH OF THE SATicoY FauULT. /LONG MOST OF THE SaTicoy FauLT FROM
SouTH MOUNTAIN TO THE TOWN OF SATICOY THE UNDERFLOW FROM THE SAN PEDRO
FORMATION OR THE BASAL UPPER FLEISTOCENE DEPOSITS WOULD HAVE TO MOVE INTO
THE IMPERMEABLE SANTA BARBARA FORMATION. JusST AT SaTicoy, THE Fox CANYON
AQUIFER IS SOUTH OF THE SATIicOY FAULT, CUT UNDERFLOW WOULD BE RESTRICTED
DY THE KNOWN CARRIER AFFORDED BY THE FAULT. UNDERFLOW INTO THE MoOUND
Basin GAN NOT BE LARGE. WELLS [N THE TRIANGLE OGETWEEN THE COouNTRrRY CLUD
ANB SATICOY FAULTS SHOW RATHER FEEBLE RECHARGE. |F UNDERFLOW ACROSS THE
CounTrRy CLus FAULT IN THE BASAL UPPER PLEISTGCENE AQUIFERS 1S SMALL, THEN

MOVEMENTS WITHIN THE SaN PEDRO FORMATION ARE EVEN SMALLER BEGCAUSE OF THE
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VERY LARGE DISPLACEMENTS. WESTERLY MOVEMENTS THROUGH SecTtion 4, T2N,

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

"DEPTHS OF "MANY HUNDREDS "0OF FEET OELOW THE GROUND SURFACE.

FLUCTUATIONS OF W.TER LEVELS

WATER LEVELS IN THE SaNTA PauLA BASIN SHOW ONLY A VERY SMALL
RANGE OF FLUGCTUATIONS. 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 UpPPER
PLEISTOCENE‘AQUIFERS OR IN {MMEDIATELY UNDERLYING SAN PEDRO AQUIFERS
USUALLY INDICATE GOOD REGCHARGE WHERE THEY ARE CLOSE TO THE SaNTA CLARA
RIVER., A HYDROGRAPH TYPIGAL OF SUCH CONDITIONS IS THAT OF WELL 3N/21W=
21E1 (PLaTe 16).

ONLY A FEW WELLS PUMP FROM THE SAN PEDRO AQUIFERS IN POSITIONS
WHERE OPPORTUNITIES FOR RECHARGE FROM SATURATED OVERLYING'ALLUVIUM ARE
POORs THESE WELLS SHOW THE SHARPER DECLINES AND RECCVERIES TYPICAL OF
CONFINEO AQUIFERS. LSO, THERE 1S A GIEATER RANGE OF FLUCTUATIONS, AND
RECOVERIES IN A SINGLE WET YEAR ARE SOMETHING LESS THAN COMFLETE. WELL
3N/21W-9K2 1LLUSTRATES THESE ReEsponses (PLaTe 16).

NEAR THE WESTERN BOUNDARY GF THE SANTA PautA Basin, THE
CounTrY CLus FAULT CAUSES SHARP DIFFERENGES IN WATER~LEVEL RESPONSES.
NORTH OF THIS FAULT, AS ILLUSTRATED BY THE HYGROGRAPH OF weLL 2N/22W-3K2
(PLate 16), WATER LEVELS ARE RELATIVELY H1GH, AMD GOOD RECHARGE 1§
lNDlCATEDlBY 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) sSHOWS A SLOW
PROGRESSIVE DECLINE OF WATER LEVELS AND PERHAPS SOME DEPLETION OF STORAGE.
To THE TOTAL DEPTH OF THI1S WELL (403 FEET) THERE 1S LITTLE LIKELIHOGD OF
IMPORTANT WESTERLY UNDERFLOW.
STORAGE CAPACITY

A STORAGE DEPLETION CURVE (PLaTE 8) waS CONSTRUGTED BY
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 RanNGED FRoOM A MaxIimMuM ofF 218 FeeT

ABOVE SEA LEVEL IN THE Serine oF 1944 70 a mMinimMum oF 183 FeeT 1N THE FaLw
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oF 1951. THE MAXIMUM STORAGE DePLETION (IN THE FaLL ofF 1951) was ABOUT
25,000 ACRE-FEET.
MOUND BASIN
BOUNDARIES

THE DOUNDARIES OF THE MOUND BASIN ARE GIVEN onN PLATE 17. THE
NORTHERN BOUNDARY 1S TAKEN AS THE BASE OF THE FOOTHILLS, GR THE UPSLOPE
LIMIT OF THE ALLUVIAL FAN SURFACES. AS IN THE FirLLMore anD SanTa PaurLa
BasiINS, THE OUTCROP AREAS OF THE SaN PEDROC FORMATION ARE NOT INCLUDED
WITHIN THE GROUND WATER BASIN. THE EASTERN BOUNDARY IS IN PART A FAULT
AND IN PART A TOPOGRAPHIC DIVIDE. THE SOUTHERN BOUNDARY 1S THE APPROXIMATE
NORTHERN LIMIT OF THE SaNTA CLarRA RIVER ALLUVIUM AND THE OXNARD AQUIFER.
THE DISTRICT BOUNDARY HAS NO HYDROLOGIC SIGNIFICANCE, AND AS IN BULLETIN
12, THE WESTERN DOUNDARY OF THE MouND BASIN IS TAKEN TO THE ALLUVIUM OF
THE VENTURA RIVER.
GROUND WATER GEOQLOGY

Generat GEoOLOGY

THe MounD BASIN CONSISTS OF A DLANKET OF CLAYEY TERRACE MATERIALS
AND UNDERLYING COARSE=-GRAINED ALLUVIAL AND MARINE DEPOS{TS OVERLYING A
SYNCLINE DEVELOPED IN THE SaAN PEDRO FORMATION. THIS 1S THE SAME SYNCLINE
WHICH EXTENDS WESTERLY FROM THE EASTERN PART OF THE PIRuU Basing IT
CONTINUES WESTERLY BENEATH THE OGEAN FOR PROBABLY A LARGE DISTANCE. THE
MAXIMUM DEPTH TO THE BASE OF THE San PEDRO FORMATION ALONG THE AXIS OQF THE
SYNCLINE 1S ABoUT 4000 FEET. A LARGE THICKNESS OF THE FORMATION,
INCLUDING THE DASE, CROPS OUT IN THE HILLS NORTH OF THE MounD BasIN aND
THE CITY OF VENTURA. OSTRIKES ARE NEARLY EAST-WEST AND DIPS ARE FAIRLY
STEEP TO THE SOUTH. THE BASAL BEDS CONTINUE 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
MouND Basin THE SaN PEDRG DEDS ARE ARCHED UP ALONG THE MoNnNTALVO FAuLT
(Section V-V', PLaTe 20). MoOST OF THE FOLDING AND FAULTING IS RELATED
TO THE MAJOR MiDDLE PLEISTOCENE DIASTRGPHISM, BUT THERE HAS OBEEN APPRECIADLE

FOLDING, TILTINGy AND FAULTING OF THE UrPER PLEISTOCENE DEPOSITS,

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

UPLIFTER '"Mmounos® in THE Mounp BASIN ARE THE RESULT OF THE VERY LATE

DIASTROPHISM.,
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Tacre I11=14 WiLCOX-MAGISTAD CLASSIFICATION GF IRRIGATION WATERS AS

MoD1FieEs oy Doneen (RerF., 27).

CLass | Crass || Cuass |11
EXCELLENT Goob TO INJURIOUS TO
FacToR To GooD INJURIOUS UNSATISFACTORY

CONDUCTANCE
EC x 10¥ @ 25°C LEss THan 1000 1000-3000 More THAN 3000
Boron (pPPM) Less THan 0.5 0.5-2.0 MoRE THAN 2.0
CHroripE (ME/L) LeEss THAN 5 5-10 More THan 10
SODIUM PERCENTAGE Less THan 60 60-75 MoRE THAN 75
TaoLe 111-2, DonNeen's YEFFECTIVE SALINITY' CLASSIFICATION OF

IRR1GATION waTErs (ReF. 27).

CrLass

SOIL CONDITIONS TERMS USED | Ll 11
LITTLE LEACHING OF THE solIL mME/L 3 3-5 >5
CAN DE EXPECTED DUE TO LOW PPM 165 165-275 275
PERCOLATION RATES L3/ AF 450 450-750 750
SOME LEACHING, BUT RESTRICTED ME/L <L 5-10 >10
DEEP PERGCGLATION OR DRAINAGE FPM 275 275-550 550
SLOW Lo/ AF 750 750-1500 1550
Open soiLs. DEEP PERCOLATION Me/L <7 7-15 >15
OF WATER EASILY ACOMPLISHED PPM 285 385-825 &25
Lo/ AF 1050 1050-2250 2250

NoTes: ME/L ==== MILLI-EQUIVALENTS PER LITER
PPM =—=== PARTS PER MILLION
LB/AF~==~ POUNDS PER ACRE=FOOT



Tate |11-3 ReLATIvE TOLERANCE OF PLANTS To Boron

(LisTED

IN ORDER OF

SEMITOLERANT

INCREASING TOLERANGE)

SENSITIVE TOLERANT
Lemon Lima pEAN CarRrOT
GRAPEFRUIT SWEET POTATO LETTUCE
Avocapo BELL PEPPER Capoaage
ORANGE Pumepk 1IN TurNiP
THORNLESS DLACKBERRY ZrNNTA Onton
APRICOT OaT BroaDDEAN
PEacH Mico GrLabpiorLus
CHERRY CoRrn ALFALFA
PERS IMMON WHEAT GARDEN DEET
KabpoTa Fla BarLEY MANGEL
GrRAPE OLive SUGAR CEET
APPLE Raccep RooiN ROSE Date pPaLm
PEAR FIELD PEA PaLm
PLum RabpisH ASPARAGUS
AMERIGAN ELM SWEETPEA ATHEL
Navy BeEaN TomaToO
JERUSALEM ARTICHOKE CpTTON
ENGLISH waLNUT PoTaTo

BLack waLNuT

Pecan

SUNFLOWER
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UrprPer PLElsToceENnE DEPOSITS

THe UPPER PLEISTOCENE DEPOSITS, WHICH OVERLIE THE SAN PEDRO
FORMATLON-WITHvMARKED"ANGULAR'UNCONFORM}TY, RANGE I'N THICKNESS -FROM Loo-
FEET OR SO IN THE EASTERN PART OF THE MounND BASIN TO ABOUT 700 FEET ALONG
THE COAST. THERE IS A SUGGESTION THAT THESE OEDS HAVE BEEN DCOWNFOLODED
GENTLY ALONG THE OLDER SYNCLINAL AXIS.  THERE 1S A PRONOUNGCED TWO=FOLD
DIVISION OF THESE DEPOSITS: (1) AN UPPER TIGHT CLAYEY zonNE 200 To 400
FEET THick; anp (2) a LOWER, PRIMARILY SAND AND GRAVEL ZONE, FROM 100
To 300 FEET THicK. THE DASAL COARSE ZONE IS THICKEST JUST NORTH OF THE
RIVER, AND DECOMES THINNER TOWARD THE NGRTH. THE COARSE OCASAL MATERIJALS
REPRESENT A DISTINCT PHASE OF DEPOSITION BY THE SANTA CLARA RIVER, WHICH
WAS APPARENTLY VERY WIDESPREAD. JHE MUGU AQUIFER IN THE SOUTHEASTERN PART
oF THE OXNARD PLAfN MAY REPRESENT PART OF THE SAME DEPOSITIONS

IN THE EARLY DAYS OF GROUND WATER DEVELOPMENT, THE WELLS
PENETRATED ONLY TO THE UPPER PLEISTOCENE AQUIFERS WHERE THESE HAD A
SUBSTANTIAL THICKNESS, LATER WELLS WENT DEEPER TO TAP THE AQUIFERS IN THE
UNDERLYING LAYERS COF THE SAN PEDRC FORMATION. NOW THERE ARE NUMEROUS
WELLS WHICH ARE PERFORATED IN BOTH THE UrreErR PLEIsSTOcCENE aAND San PeEDRO
AQUIFERS.

SaN Pepro ForMaTiON

NOoT ALL OF THE AQUIFERS IN THE THIGCK SAN PEDRO FORMATION DBENEATH
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 OGCCUR ONLY IN THE
suasunEACE NEAR THE AX}S OF THE SYNCLINE BENEATH THE UPPER PLEISTOCENE
DEPOSITS. THESE UPPERMOST LAYERS ARE PRIMARILY CLAYS AND SILTS. IN THE
BASAL TWO=~THIRDS OF THE FORMATIGN, GRAVELS AND SANDS ARE MORE ABUNDANT.
MosST OF THE WATER PUMPED COMES FROM AQULFERS (N THE MIDDLE THIRD OF THE
San PEDRO FORMATION. THE Fox CANYON AQUIFER IS INDICATED BY OIL WELL
ELECTRIC LOGS NORTH OF THE MONTALVO FAULT BUT NO WATER WELLS AS YET
PENETRATE DEEP ENOUGH TO REACH [T. THE TYPICAL THICK BASAL SANDS OF THE
Fox CANYON AQUIFER ARE NOT PRESENT IN THE OUTCROPS NORTH OF THE MOUND
BasinN. [T IS INDIGATED ONLY DlAGRAMMATlCALLY on SecTton V=-V!', PraTe 20
THAT THE Fox CANYON AQUIFER TOWARD THE NOXTH BECOMES A SERIES OF SAND AND

GRAVEL LENSES. THE uPPER SaN PEDRO SHowN oN SecTioN V=V',; PrLaTte 20
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INCLUDES MANY SAND AND GRAVEL LAYERS, MANY OF WHICH APPEAR TO BE LENTICULAR.

MucH OF THE UPPER PART OF THE SAN PEDRO FORMATION NEAR THE
MoNTALVO FAULT WAS REMOVED IN THE EXTENSIVE PRE~UPPER PLEISTOCENE EROSION.
THIS HAS DBEEN TRUE ALONG THE ENTIRE LENGTH OF THE MONTALVO FAULT WHIGH
TRENDS WESTERLY FROM SOUTH MOUNTAIN TO THE COAST. THE DISPLACEMENT IN THE
SAN PEDRO FORMATION DECREASES WESTERLY, FROM SEVERAL THOUSAND FEET AT THE
WEST &ND OF SouTH MounTaIN To aBouT 500 FEET NEAR THE coasT (SECTION V=V,
PLaTe 20). THe DﬁSPLACEMENT IN THE OVERLYING UPPER PLEISTOCENE DEPOSITS
MAY BE AS MUGH As 400 fFEeeT. -

WiTHiN THE MounD BasiN THE San PEDRO FORMATION HAS. BEEN DJSPLACED
BY SEVERAL LARGE FAULTS. THE SaTicoY FAULT, WHICH FORMS A PART OF THE
EASTERN DOUNDARY OF THE BASIN, TRENDS WESTERLY AND INTO THE MounD Basin,
ANC APPARENTLY THE THROW DECREASES IN THAT DIRECTION. ANOTHER FAULT OR

GROUP OF FAULTS IS ASSOCIATED WITH THE "Mounps’ N SecTions 17 ano 18, T2N,
R22W.

SOURCES OF RECHARGE

BECAUSE OF GEOQOLOGI!C COMPL[CATIONS, THE SOURCES AND AMOUNTS OF
RECHARGE TO THE MOUND BAS!N ARE DIFFICULT TC DETERMINE, IN PREVIOUS
STUDIES If WAS ASSUMED THAT THERE IS A LARGE AMOUNT OF RECHARGE DERIVED AS

UNDERFLOW FROM THE SanTA PaurLa Basin. THE FOLLOWING FACTS DEAR UPON THIS

PROBLEM:

(1) THERE I1S.NO THICK SATURATED RECENT ALLUVIUM CROSSING THE COMMON
BDOUNDARY;

(2) TRANSMiSSION AS UNDERFLOW MUST OGGUR THROUGH EITHER THE UPPER
PLEISTOCENE DEPOSITS GR THE SaN FEDRO FORMATION;

V(B) THE UPPER PART OF THE UPPER PLEISTOCENE MATERIALS S ALMOST
ENTIRELY CLAY AND SILT§ THE UNDERFLOW WOULD HAVE TO MOVE THROUGH
THE PERMEADLE BASAL LAYERS;

(4) ALone THE SaTicoy FAULT A RIDGE OF SAN PEDRO FORMATION HAS DEEN
UPLIFTED OM THE S2UTH 8LOCK. THE UPPER PLEISTOCENE AQUIFERS HAVE
BEEN DOWNFAuLTED (SecTion D=D', PrLaTe 14); THIS FAULT SUPPORTS A
LARGE DIFFERENCE IN WATER LEVELS.

(5) Tre CounTrY CLuD FAULT ALSO SHOWS A BREAK IN WATER LEVELS IN WELLS
WHICH TAP THE UPPER PLEISTOCENE DEFOSITS. THE THROW IN THE San

PEDRO 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 BY THE HYDROGRAPH

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

PERFORATED ONLY IN THE SAN PEDORO FORMATION. THE UPPER PLEISTOCENE

GRAVELS APPEAR TQO MAVE BEEN POOR PRODUCERS HERE.

(7) A weLL pRILLED 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 [T IS SUGGESTED THAT THE UNDERFLOW FROM
THE SanTa Paura BasiN To THE MounNp BASIN 1S VERY SMALL.

THE THICK IMPERMEAGLE NEAR-SURFACE CLAYS PRECLUDE 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 FOOTHILLS. THIS THINNING IS INDICATED ON SecTion V=-V', PLate 20.
ONLY A FEW OF THE PUMPED SAN PEDRC AQUIFERS HAVE SURFACE OUTCRCPS AND COULD
DFE REPLENISHED DY RAINFALL PENETRATION. THE AMOUNT OF THIS REPLEMISHMENT
1S VERY SMALL.

ReEcHARGE TO THE MounD BasinN 1!'s DERIVED LARGELY FROM THE MoNTALVO
BasiIN anD THE OXNARD PLAIN. THE INLAND PORTION OF THE MounD BAsSiN RECEIVES
MOST GF 1ITS RECHARGE FROM THE MoNnNTALvO BastnN. THIS SUGGESTION IS SUPPORTED
BY THE PERSISTENT WESTERLY WATER-LEVEL SLOPE FROM THE MonTaLvo Bastin TO
THIS PORTION OF THE MounD BaAsSiN. THE HYDROLOGIC CONTINUITY 1S BELIEVED
TO BE MAINTAINED PRIMARILY THROUGH THE 0aSAL UPPER PLEISTOCGENE AQUIFERS.
THE OXNARD AQUIFER DOES NOT EXTEND INTO THE Mcunbp Basing THE San PeDRO
FORMATION IS BADRLY FAULTED. SOME IMPEDIMENT TO THE WESTERLY FLOW OF WATER
IS AFFORDED BY THE EXTENSION OF THE SaTicoy FauLT.

RECHARGE AS UNDERFLOW FROM THE OxNaARD PLaInN To THE MounD BAsIN
MUST GROSS THE BARRIER OF THE MonNTAaLVO FAuLT., THIS FAULTING HAS NOT
AFFECTED THE OXNARD AQUIFER, BUT WATER ATTEMPTING TGO MOVE NORTHWARD AT THE
SHALLOW LEVELS OF THE OXNARD AQUIFER WOULD HAVE TO MOVE INTG THE THICK
UpPER PLEISTOCENE CLAYS OF THE Mounp BasiIn. |T MAY BE CONCLUDED THAT THERE
IS ESSENT!IALLY NO POSSIBILITY OF WATER MOVING FROM THE OXNARD AQUIFER
INTC THE MounD Basin. AT DEPTHS BETWEEN 300 anp 600 FEET FROM THE GROUND
SURFACE THERE IS OPPORTUNITY FOR NORTHERLY UNDERFLOW BUT AT LEAST A

PARTIAL RESTRICTION 1S OFFERED 5Y THE MonNTaLvO FAULT. 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 PEDRO FORMATION FROM

THE OXNARD PLAIN TO THE MOUND BASIN ARE BELIEVED NOT TO BDE IMPORTANT.

THE INFERIOR QUALITY WATERS IN THE Fox CANYON AQUIFER

R23W SUGGEST PCOR CIRCULATION.

BASIN OUTFLOW

INn SecTion 25, T2N,

WATER LEAVES THE MouUnND BaSIN PRIMARILY AS PUMPED EXTRACTIQONS.,

DURING WET PERIODS THERE IS PROBASLY AN AFPPRECIABLE QUTFLOW TG THE OQOCEAN

WITHIN THE BASAL UPPER PLEISTCCENE SANDS AND GRAVELS.

|F OUTFLOW TO THE

OCEAN TAKES PLAGCE IN THE SaN PEDRO FONMATIGN IT WOULD DO SO MOST EASILY

FROM THE BASAL DBEDS WHICH HAVE SUDMARINE OUTCROPS WEST OF THE VENTURA

RIVER. BECAUSE OF THE KNOWN DEPTHS

OF THE SAN PEDRO AQUIFERS AND THE KNOWN

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

SUBMARINE SaN PEDRO CUTCROPS ALONG THE WESTERLY EXTENSION OF THE SANTA

CLarA RIVER SYNCLINE. THERE 1S A POSSIDILITY, HOWEVER, THAT |F HYDRAULIC

GRADIENTS PERMITTED, WATER COULD MOVE UPWARD

IN THE SAN PEDRC AQUIFERS,

ACROSS THE UNCONFORMITY, INTO THE OASAL UPPER PLEISTOCENE GRAVELS, THEN

TO THE OCEAN FLOOR. THERE IS LITTLE OPPORTUNITY FOR

MouNp BASIN INTO EITHER MoNTALVO BAasiN OoR THE OXNARD

GRADIENTS ARE PERSISTENTLY IN THE OTHER DIRECTION.

WATER MOVEMENTS

UNDERGROUND WATER IN THE Mounn BasinNn MOVES

FLAING

MOVEMENTS GUT OF THE

WATER~LEVEL

PREDOMINANTLY TOC THE

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

PLEISTOCENE DEPOSITS FROM THE MonNTaLve Basin THROUGH THE MounD BasiN ToO

THE SUDBMARINE QUTCRCOPS. Because THE UPPER PLEISTOCENE GRAVELS DECOME

THINNER TO THE NORTH, MOST OF THE WATER

MUST MOVE THROUGH THE SOUTHERN

PART OF THE MounD BAsSiN. THESE MOVEMENTS MUST DE SOMEWHAT RETARDED DBY THE

FAULTING WHICH IS KNOWN TO HAVE OCCURRED

NearR 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 IN THE SaM PeEdDre FORMATION

MounD BasiInN FROM THE SanTa Paura

PERFORA
THE WAT
GREATLY

Basin,
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PLain. THERE HaAS PRobADLY 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. JHE WELLS IN THE SOUTHERN
COASTAL PORTION OF THE MounD Basin Tar SaAN PEDRO AQUIFERS WHICH ARE IN
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 SanN PEDRO AQUIFERS ALONG THE COAST NEAR
THE CiTY OF VENTURA ARE REPRESENTED OY THE HYDROGRAPH OF WELL 2N/23W-14Q1
(PLaTE 23). Two DISTINCTIVE FEATURES OF THIS HYDROGRAPH ARE (1) A MARKED
TENDENCY TO FLOW IN THE WET PERIODS, AND (2) A MARKED TENDENGCY DURING
DRY PERIODS TO RETURN TO SEA LEVEL AFTER HAVING DBEEN PUMPED DBELOW SEA
LEVEL. THE HIGH HEADS DURING THE WET PERICOS ARE RELATED TO POSITIVE
RECHARGE AND NOT MERELY A PRESSURE RESPONSE. IT 1S DOUBTFUL THAT THE
RECHARGE COULD BE EXPLAINED ENTIRELY BY RAINFALL PENETRATION ON THE OUTGROP
AREAS; THE PERFORATED AQUIFER MAY NOT EVEN HAVE AN OUTCROP. THE RECHARGE
MAY BE DERIVED FROM THE UPPER PLEISTOCENE AQUIFERS ABOVE THE UNCONFORMITY.,
THE DRY PERIOD WATER LEVELS ARE DEFINITELY RELATED TO SEA LEVEL. SINCE
SUBMARINE OUTCROPS OF SaAN PEDRO AQUIFERS THIS HIGH IN THE FORMAT!ION ARE
UNLIKELY, THE PRESSURE HEAD OF SEA LEVEL WOULD HAVE TC BE TRANSMITTED
THROUGH THE OVERLYING UPPER PLEISTOCENE AQUIFERS.

INLAND IN THE Mounp BASIN WATER-LEVEL RESPONSES ARE QUITE
DIFFERENT, AS ILLUSTRATED OY THE HYDROGRAPH oF WeELL 2N/22W-9K3 (PLaTe 23).
THIS WELL APPEARS TO BE FERFORATED IN A SaM PEDORO AQUIFER FREELY GONNEGTED
WITH THE OVERLYING UPPER PLEISTCCENE. THERE WAS A GOOD REGOVERY DURING THE
LATE THIRTIES AND EARLY FORTIES, AND A FAIRLY SHARP DECLINE FROM 1945 T1o
1951. THE RECOVERY FROM THE 1952 WET YEAR WAS FAIRLY SLOW AND MAY NOT HAVE
BDEEN COMPLETED UNTIL LATE 1952 orR EaARLY 1953. /LTHOUGH THERE IS A
SUGGESTION OF OVERDRAFT, IT WOULD BE DIFFICULT TO SUPPORT UNTIL THE RESPONSES
OF THE NEXT WET PERIOD ARE AVAILADLE,

MONTALVO BASIN
BOUNDARIES

THE MoNTALvVO BASIN, ALSO REFERRED TO AS THE OXxNaRD FoRrReEAY BasIN
(RerF. 23), comprises apouT 6400 ACRES, AND INCLUDES THE MAIN FREE WATER-

TAGBLE AREA oF THE OxnaAarD Prain (PLaTE 17). NEAR THE NORTHEAST CORNER OF THE
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BASIN THE DBOUNDARY IS EXTENDED UP THE SaNTa CLara RIBER TO THE POINT WHERE
THE UNi1TED WATER CONSERVATION DISTRICT CURRENTLY DIVERTS FOR SPREADING
OPERATIONS. AT THIS POSITION THE DDUNDAR? COINCIDES WITH THE OCCURENCE

OF PERENNI{AL RISING WATER, AND PRQGOBADLY WITH A CONSTRICTION GF THE RECENT
ALLUVIUM. THE NORTH-WESTERN BOUNDARY IS IN PART THE SaTicoY FAULT AND IN
PART THE DREAK DETWEEN THE RECENT ALLYVIUM AND THE CLAYEY TERRACE DEPOSITS
oF THE MounD BasiN. NEAR THE UPSTREAM LIMIT OF THE MONTALVO BASIN THE
EASTERN BOUNDARY 1S A SHARP LINE BETWEEN RECENT ALLUVIUM AND THE END OF
SoutH MounNTAIN. THE REMAINDER OF THE BASIN BOUNDARY == ON BOTH THE
SOUTHEAST AND SOUTHWEST SIDES =— DOES NOT COINGCIDE WITH A SHARP CHANGE OF
GEOLOGIC CONDITIONS., INSTEAD, THESE LINES ARE INTENDED TO PORTRAY THE
APPROXIMATE POSITION OF A GRADATIONAL CHANGE FROM WATER=-TABLE CONDITIONS

TO CONFINED CONDITIONS AS CLAYS DEGCOME MORE ABUNDANT., GEOLOG!IC CROSS~-
SECTION R=R' oN PLATE 18 ILLUSTRATES CONDITIONS AT THE SOUTHWEST BOUNDARY,
WHERE THE So-CALLED ''cLay cAP" BEGINS. THE DESIGNATION OF THI!S GRADATIONAL
ZONE BY MEANS OF A LINE 18 HIGHLY DESIRABLE IN COMPUTING RAINFALL PENETRATION
AND IRRIGATION USE. THE OOUNDARIES AS DELINEATED ARE ESSENTIALLY THE SAME
AS THOSE GIVEN IN AN EARLIER REPORT (ReF. 49) AND THOSE SHOWN FOR THE OXNARD
ForesAYy BasinN IN BurreTin 12 (Rer. 23).

GROUND WATER GEOLOGY

GENERAL GEOLOGY

THE MAIN WATER-BEARING DEPOSITS OF MoNTALVO BASIN CONSIST OF COARSE
ALLUVIAL MATERIALS OF RECENT AND UPFER PLEISTOCENE AGE OVERLYING WITH
MARKED UNCONFORMITY A SEQUENCE OF PRE-MIDDLE PLEISTOCENE DEPOSITS. AN
UNCONFORMITY OF LESSER MAGNITUDE SEPARATES THE SHALLOW GRAVELS FROM THE
UpPER PLEISTOCENE LAYERS. OVER MOST OF THE AREA OF THE MonTaLvo BasiIN THE
SaN PEDRO FORMATION IS DIRECTLY BENEATH THE MiooLE 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 OF CONTACT DETWEEN THE
ALLUVIUM AND THE Fox CANYON AQUIFER WILL DE REFERRED TO AS THE f'sup-
ALLUVIAL OUTCROP”, FARTHER NORTHEAST, WHERE THE RIVER HAS ERODED THE END
ofF SouTH MouNTAIN, THE Fox CANYON AQUIFER HAS DEEN 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 OUTCROP 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 1S TERMINATED ON
THE NORTH FLANK BY THE SaTicoY FAuLT, PROBAGBLY A BRANCH OF THE OAK RiDGE

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

 COMPLICATED THAN CAN OE DESCRIBED FROM THE EXISTING DATA.

ALLUVIAL AQUIFERS

THe TeERM "OxnarD aAQuiFeR' or TOXNARD zONEY REFERS, IN THE
MonTaLvo BasiIN, 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 CCONSTITUTING THE OXNARD AQUIFER ARE ALTERNATING LAYERS OF SANDS,
GRAVELS, AND CLAYS GuUMPRISING THE LOWER PART OF THE UpPPER PLEISTOCENE
DEPOSITS. SEAWARD FROM THE MoNTALVO Basin, THE OXNARD AQUIFER COMPRISES
THE PERMEACLE 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 UrPPER PLE!STOCENE WERE REMOVED BY EROSION PRIOR
TO THE DEPOSITION OF THE OXNARD AQU!FER. AT THE END OF SGUTH MOUNTAIN
THE EROSIONAL SURFACE CUT ON THE SANTA BARBARA FORMATION APPEARS TO BE
OVERLAIN DIRECTLY BY RECENT ALLUVIUM.,

Fox CanyoN AQUIFER

THE "Fox CanvoN AQUIFER" REFERS TO A ZONE OF SANDS AND GRAVELS
WITH INTERBEDDED CLAYS NEAR THE DBASE OF THE San PEDRO FORMAT!ION. THESE
PERMEADLE LAYERS FORM EXTENSIVE EAST-WEST TRENDING OUTGROPS ON THE
SOUTH FLANK OF SOUTH MOUNTAIN. IN MonNTALVO BASIN THE WESTWARD EXTENSION
OF THESE SURFACE OUTCROPS |S BURIED 2Y ALLUVIUM AND 1S REFERRED TO AS
THE "sup-aLLuviaL ouTtcropr''. FROM THE SUB=ALLUVIAL OUTCROFP THE Fox
CANYON AQUIFER DIPS 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 1S STILL AT A RELATIVELY SHALLOW DEPTH.
SQURCES OF RECHARGE

THE MAIN SOURCES OF RECHARGE TO THE MoNTaALVO BASIN ARE THE
SURFACE FLOWS EXITING FROM SanNTa Paura Basin. [N PART, THESE FLOWS REACH
THE WATER TAOBLE BY NATURAL PERGGLATION IN THE REACH DBETWEEN THE UPFER

BDASIN DOUNDARY AND MonTaLvo BRIDGE. HOWEVER, LARGE AMOUNTS OF SURFACE

=31



-

FLOWS ARE DIVERTED FROM THE RIVER AND ALLOWED TO PERCOLATE WITHIN THE
SaTicoy AND EL R10O SPREADING GRUOUNDS. UNDERFLOW FROM SANTA PauLa BASIN
IS BELIEVED TO OCCUR ALMOST EXCLUS!VELY THROUGH THE RECENT ALLUVIUM. THE
INTERBASIN TRANSFER WITHIN THE SAN FEDRO FORMATION IS CONSIDERED UNLIKELY
BECAUSE THERE 1S ONLY A SMALL AREA WHERE THERE MIGHT OE HYDROLOGIC
CONTINUITY, AND EVEN IN THIS AREA FAULTING IS KNOWN TO RESTRICT UNDERFLOW.
PENETRATING RAIN WATER IN THE MONTALVO BASIN 1S ABLE TO REAGCH 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 [S OF INTEREST. AT TIMES OF EXTREMELY LOW
WATER TABLES .IN THE MoNTALVO BASiN, a4 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 IN THE Fox CANYON AQUIFER FROM THE WEST LAs Posas AREA, UP THROUGH
THE SUDB=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 ALLUVIAL ZONES THROUGH THE SUD=ALLUVIAL CUTCROP
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 FLEASANT VALLEY. ANOTHER PART OF THE UNDERFLOW MGVES I[NTO

THE MounND BASIN PRIMAR!ILY THROUGH THE BASAL UPPER PLEISTOCENE GRAVELS.
AT TIMES OF HIGH WATER LEVELS, SUCH AS DURING THE PERioD 1941-1945, unDER~-
FLow LEAVING MoONTALVO BASIN MOVES SEAWARD ABOVE THE CLAY CAP.

THE MAXIMUM OUT UNDERFLOW DOES NOT NECESSARILY OCCUR AT TIMES
OF MAXIMUM WATER~TABLE ELEVATIONS. WHEN THE MONTALVO BAS|N 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., THE MAXIMUM OUT UNDERFLOW OCCURS WHEN
THERE 1S AN OPTIMUM COMBINATION OF STEEP WATER-TABLE SLOPE AND A LARGE
SATURATED CROSS-SECTION THROQUGH WHICH THE UNDERFLOW [S MOVING.
MOVEMENTS OF UNDERGROUND WATER

THE PREDOMINANT DIRECT!ON OF WATER MOVEMENT IN THE ALLUVIAL

DE~0SITS OF THE MONTaLve BASIN 1S FROM NORTHEAST TO SOUTHWEST. WHEN THE
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BDASIN I8 FULL, AS IT WAS IN THE SPrING oF 1944 (PLaTE 21), THE WATER=-TAGLE
SLOPE IS UNIFORM AND ADOUT 15 FEET PER MILE. BY wAY OF GONTRAST, NEAR THE
END OF A GROUP OF DRY YEARS, WHEN THERE IS MUCH DEPLETION OF.STORAGE, THE
WATER=TABLE SLOPE IN THE NORTHEASTERN PART OF THE BASIN WAS ADOUT 35 FEET
PER MILE (PLATE 22)., THE GRADIENT FLATTENED NOTIGEAGLY TOWARD THE MIDDLE
OF THE BASIN AND REMAINED FAIRLY UNIFORM TO THE SOUTHWESTERN GOUNDARY

AT SLIGHTLY OVER 5 FEET PER MILE. FEVEN AT TIMES OF MAX!MUM 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 GCLOSER 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 DY THE PIEZOMETRIC SURFACE, WHICH ONLY 1/2 MiILE
FROM THE SUB-ALLUVIAL OUTCROP RISES MANY FEET ABOVE THE LOCAL WATER TADLE.
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. JTHE HYDROGRAPHS ARE MUGH THE SAME OVER THE -
ENTIRE BASIN, THE CHIEF DIFFERENCE USUALLY BEING ONE OF VARIADLE AMPLITUDES
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). THeE 1957-58 ReEcovERY was anouT 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 LOCATION OF wWeELL 2N/21W-
6P1, WHERE RELATIVELY THIN ALLUVIUM OVERLIES THE SANTA BARCARA FORMATION,
IN VERY DRY YEARS THE ALLUVIUM IS DRAINED.

FARTHER SOUTHWEST IN THE MONTALVO BASIN THE RECHARGE EFFECTS
ARE MUCH LESS NOTICEABLE THAN NEAR THE SAT!ICOY SPREADING GROUNDS. FEVEN
FOLLOWING SiINGLE WET YEARS THE RECOVERIES ARE SMALL. ESPECIALLY INTERESTING
IS THE HYDROGRAPH OF WELL72N/22W—22Rﬂ (PLATE 23). In 1952, WHEN NATURAL

RECHARGE WAS LARGE, BUT BEFORE THE EL Ri0 SFPREADING GROUNDS WERE IN
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OPERATION, THE RECOVERY WAS ONLY 14 FeeT. THE EFFECTS oOF HEAVY SPREADING
AT SATICOY DURING 1953 ARE SHOWN DY A 1953 PEAK HIGHER THAN IN THE 1952
WET YEAR. THE SUBSTANTIALLY BETTER RECOVERY IN 1958 REFLECTS THE FIRST
LARGE~SCALE OPERATION OF THE EL R(0O SPREADING GROUNDS.,

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

AQUIFER AND IS LOCATED ABOGUT 1/2 MILE SOUTH OF THE SUD—-ALLUVIAL OUTCROP.

HYDROGRAPHS ARE AVAILABLE FOR NEARGY WELLS 12K1 AND 12K2 wHICH ARE PERFORATED

ONLY IN THE ALLUVIAL DEPOSITS AND SHOW RESPONSES OF THE LOCAL WATER TADLE.
DurRING 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 PERIOD 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 DE RELATED TO
THE WATER TABLE 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 DIRECTION.
STORAGE CAPACITY

A STORAGE=-DEPLETION CURVE (PLATE 8) waAS CONSTRUGTED BY RELATING
HISTORIC WATER-LEVEL MEASUREMENTS OF weLL 2N/22W-12E1 TO‘THE UNWATERED
STORAGE CAPAGITY COMPUTED FRCM A SPECIFI(C YJELD STUDY. THE WATER-SURFACE
ELEVATION IN weLL 12E7 RANGED FROM A MAXIMUM OF 112 FEET ABCVE SEA LEVEL
IN THE SPrRING OF 1944 To A MINIMUM OF 17 FEET ABOVE SEA LEVEL IN THE FaLto
oF 1951. THEe CALCULATED MAXIMUM STCRAGE DEPLETION WAS AcouT 102,000
ACRE=~FEET.

OXNARD FPLAIN BASIN

BOUNDARIES

Tue Oxnaro PLA!& ASIN COINCIDES W!TH THE PRESSURE PORTI!ON QF
THE OxNaRD AQUIFER (PLATE 17). AS EXPLAINED ADOVE, THE DOUNDARY ODETWEEN
THE MONTALVO BASIN AND THE OXNARD PLAIN BASIN APFPROXIMATES THE [NLAND
LIMIT OF THE CLAY CAP. THE NORTHERN BOUNDARY IS PLACED ALONG THE SANTA
CLara RIVER FOR THERE ARE NC OXNARD AQUIFER WELLS NORTH OF THE RIVER. THE
EASTERLY SWING OF THE SANTA CLARA RIVER DURING THE DEPOSIT!ON OF THE ‘

OXNARD AQUIFER WAS CONTROLLED 3Y SOUTH MOUNTAIN, THE WEST END OF THE
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CaMaRILLO HILLS, AND THE WEST ENO OF THE SANTA MONICA MOUNTAINS AT POINT
MuGcu. THE EDGE OF THE OXNARD AQUIFER DETWEEN SOUTH MOUNTAIN AND THE
CaMARILLO HiLLS HAS DEEN LOCATED FROM THE LOGS OF SHALLOW WELLS AND IN PLACES
IS ACCENTUATED OY A TOPOGRAPHIC OREAK. THE OXNARD AQUIFER DOES NOT EXTEND
INTO THE WEST LAS P0SAS AREA; SHALLOWER WATER SUPPLIES ARE NOT AVAILAOLE

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

CaMARILLO HILLS THE DOUNDARY WAS DETERMINED FROM WELL~-LOG STUDIES.

GROUND WATER GEOQOLOGY

GenERrRAL GEoOLOGY

As IT Now EX18TS,; THE OXNARD PLAIN WAS BLOCKED OUT STRUGTURALLY
DURING MiDDLE PLEISTOGENE TIME., FEARLIER IN LATE PLEISTOGENE TIiME THE
ENTIRE PLAIN AND THE SOUTHERN PART OF THE MOUND BASIN WERE COVERED DY
SanTa CLARA RIVER DEPOSITS WHICH WERE SPREAD OUT ON THE EXTENSIVE EROSIONAL
SURFACE THAT HAD DBEEN CUT ON THE SAN PEORO FORMATION. THESE EARLIER RIVER
DEPOSITS AND THE ACCOMPANYING TERRACE MATERIALS FLANKING THE OXNARD PLAIN
AND THE Mouno 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 GOARSE,
GRAVELLY DEPOSITS LAID DOWN BY THE SaNTa CLarRA RIVER ON THE OxnarRD PLAINS,
OnceE THE SanTa CLARA RIVER HAD GCLEARED THE WESTERN END OF SOUTH MounNTAIN,
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 FPOSITION OF Woobo Roap. DURING THE EARLY STAGES OF THIS
DEPOSITION, COARSE GRAVELS WERE SPREAD OVER THE ENTIRE PLAIN AREA, GENERALLY
WITH THE GREATEST THICKNESS ALONG THE SATICOoY-OxnarD-PoRT HUENEME AXIS,
AND WITH THINNING IN DBOTH DIRECTIONS FROM THIS AXiS, INn THE LATER STAGES
OF THE DEPOS!ITION THE GRAVELS WERE NOT SO WIDESPREAD,; BUT WERE RESTRICTED
TO WHAT 1S NOW CALLED THE MoNTALVO Basin. SeawarRD FROM MONTALVO BASIN THE
LATER DEPOSITS CONSIST OF MUCH SILTY AND CLAYEY MATERIAL WITH INTERDEDDED
SANDS AND MINOR GRAVELS., THESE LOW PERMEABILITY DEPOSITS ARE COLLECTIVELY
CALLED THE Mcray cap'"s WITHIN THE MONTALVO BasSiIN THE OXNARD AQUIFER IS
CONSIDERED TO EXTEND FROM THE GROUND SURFACE TO A DEPTH OF asocuT 150 FEET.

ALONG THE MAIN AXIS OF 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 ADCUT 10 FEET PER MILE, AND OENEATH PORT HUENEME IS AT A
DEPTH OF aBOUT 250 FEET. IN BOTH DIREGCTIGNS FROM THE MAIN AX{S THE OXNARD
AQUIFER SHOWS A GENERAL THINNING AND A TENDENCY TO DECOME SEVERAL COARSE
ZONES SEPARATED 0Y cravys (SecTion S-S*, PraTe 18). THE EXACT NORTHERN
LIMIT OF THE OXNARD AQUIFER CAN NOT BE DETERMINED BECAUSE OF A LACK OF WELLS;
IT MUST CORRESPOND FAIRLY CLOSELY, HOWEVER, TO THE PRESENT COURSE OF THE
SanTa CLARA RIVER. THE WELL LOG CONTROL ON THE EASTERN LIMIT, IN THE
VICINITY OF WooD ROAD, IS USUALLY MUCH CETTER, ALTHOUGH IN THE MUGU AREA
THE OXNARD AQUIFER IS NOT SO DISTINGTI!VE. In Mueu NavaL Base weLL #3
(IN/21W=31L1) THE OXNARD AQUIFER APPEARS ON THE ELECTRIC LOG AS A GRAVEL
ZONE AGOUT 60 FEET THIGK AND WITH ITS TOP AT A DEPTH OF ABouT 200 FEET,
ELSEWHERE BENEATH THE MuGcu NAvAL BASE SANDY MATERIALS COMPRISE MOST OF THE
uPPER 500 FEET AND THE OXNARD AQUIFER IS DIFFIGULT TO REGOGN]ZE.

OtrzrR UPPER PLEISTOCENE AQUIFERS

BETWEEN THE BASE OF THE OXNARD AQUIFER AND THE UNGONFORMITY WHICH
MARKS THE TOP OF THE San PEDRO FORMATION IS A SECTION, 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 DEEN NO URGENCY TO DRIiLL DEEPER TO TAP THESE. BENEATH THE EL Ri1o0
SPREADING GROUNDS GOOD GRAVELS WERE ENCOUNTERED IMMEDIATELY BELOW THE OXNARD
AQUIFER AT DEPTHS BETWEEN 150 ano 250 FEeT. AS SHOWN ON SEGCTION Q-Q',
PLaTE 18, THESE GRAVELS APPEAR TO FINGCH OUT RATHER QUICKLY IN A SEAWARD
DIRECT!ION, IN THE MuGu AREA, A WIDESPREAD GRAVEL ZONE NAMED THE Mucu
AQUIFER (REF. 17) 1S SHOWN ON THE ELECTRIC L0G oF Mucu NavaL Base werLL #3
(IN/21W=31L1) DETWEEN DEPTHS OF 350 ano 420 FEET. NORTHERLY TOWARD SATICOY
THE MUGU AQUIFER DECOMES LESS PERMEADLE AND APPARENTLY |S REPLAGCED OY A
SERIES OF ALTERNATING THIN SANDS AND CLaAYS. OVER THE MUGU AREA, HOWEVER,
ESPECIALLY TO THE NORTH OF THE NAVAL BASE, THERE IS EXTENSIVE PUMPING FROM
THIS AQUIFER.

AT THE OASE OF THE UPPER PLEISTOGENE DEPOSITS IS A VERY (MPORTANT
UNCONFORMITY DEVELOPED. ON. THE FOLDED AND FAULTED San PEDRO -FORMAT!ON . I-N
THE RELATIVELY FEW WELLS ON THE OXNARD PLAIN WHERE IT CAN BE LOCATED WITH

CONFIDENCE, I!T IS FOUND AT A DEPTH OF ADoUT 400 FEET. [N THE MORE DISTURBED
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AREAS SUCH AS DENEATH THE SATICCY 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 SEPARATES THE OXNARD AQUIFER FROM THE OLDER
UpPER PLEISTOCENE LAYERS., THERE 1S ANGULAR DISCORDANCE IN THE MONTALVO
BASIN AND THESE RELATIONSHIPS PRODBAGLY EXTEND WESTERLY ALONG THE MONTALVO
FAULT TO THE COASTLINE.
Cray Carp

THE CONFINEMENT OF THE OXNARD AQUIFER BENEATH THE OXNARD PLAIN
BasinN 1S CAUSED DY THE S0-CALLED "crLay caP'', WHICH CONSISTS OF MANY SILTY
AND CLAYEY LAYERS ALONG WITH INTERBEDDED LENSES CF SANDS AND MINOR GRAVELS.
ALTHOUGH [TS CHARACTERISTICS HAVE BEEN GENERALIZED FOR THE SAKE OF
SIMPLICITY, IN DETAIL IT IS QUITE COMPLEX. SeECcTIoN Q=Q', PrLate 18 sHows
THE RELATIVELY ADRUFPT START OF THE CLAY LAYERS WHICH TYPIFIES THE SOUTH-
EASTERN BOUNDARY OF THE MoNTaLvO BasinNe AT THE SOUTHWESTERN BOUNDARY OF
THE MonNTALvO BASIN, THE EFFECTIVE UPSLOPE EDGE OF THE CLAY CAP IS MORE
DIFFICULT TO DELINEATE (SecTion R=-R', PLaTE 18). STARTING WITH THE THIN
CLAY LENSES NORTH OF OXNARD, THE CLAY CAP CONTAINS MORE LOW PERMEABILITY
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 ODTAINED FROM DRILLERS' L0OGS; SOME HAS BEEN OBTAINED FROM
ELECTRIC LOGS OF ClL AND WATER WELLS. THE LOW PERMEABILITY MATaéiALs ARE
CERTAINLY NOT CAPAGLE OF YIELDING APPREC{ABLE SUPPLIES OF WATER TO WELLS.
LESS CERTAIN S THE EXTENT TO WHICH THE SO0-CALLED ‘fcrLays" ARE ACTUALLY
SILTS, WHICR, OVER PROLONGED PERIODS OF TIME WITH APPRECI!ABLE HYDRAULIC
GRADIENTS, WILL PERMIT A SUBSTANTIAL AMOUNT OF WATER TO MOVE THROUGH THEM.
DURING THE TEST DRILLING FOR THE NEW STEAM PLANT IN SecTion T, TIN, R23W,
NUMEROUS SAMPLES WERE TAKEN, PHYSICALLY TESTED, AND DESCRIBED IN DETAlL.
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 EFFECT!VE
DARRIER TO VERTICAL MOVEMENTS OF WATER BETWEEN THE OXNARD AQUIFER AND THE
SEMI—Péhéuso zo&é. NEVERTHELEés;‘THEVCHANCEé #ORHINTERCOMMUNICAflO&

INCREASE AS THE NET THICKNESS OF THE LOW PERMEABILITY LAYERS DECREASES. In
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A FEW PLACES THIS THICKNESS MAY OE AS LITTLE A8 15 T0o 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 SOURCE OF PERENNTAL RECHARGE TO THE OXNARD AQUIFER
BENEATH THE OXNARD PLAIN WHICH 1S OF REASONABLY GOOD CHEMICAL QUALITY IS
THE UNDERFLOW FROM MonNTALvVO BasIN. As wiLL BE EXPLAINED IN DETAIL LATER,
THERE IS A LARGE AMOUNT OF WATER MOVING FROM THE SEMI-PERCHED ZONE 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 FAVORADBLE, AND IS OF VERY POOR CHEMICAL QUALITY.

UnDERFLOW FRrROM Moune BasiIN To THE OXNARD AQUIFER IS VIRTUALLY
NONEXISTENT, FOR ALONG ITS NORTHERN LIMIT THE OXNARD AQUIFER WAS DEPOSITED
AGAINST CLAYEY URPER PLEISTOCENE TERRACE MATER!ALS. FURTHERMORE, SUCH
MOVEMENT WOULD BOE PREVENTED BY ADVERSE WATER-LEVEL GRADIENTS. MuCH THE
SAME GEOLOCGIC CONDITIONS PREVAIL ALONG THE DOUNDARY OF THE OXNARD PLAIN AND
THE WEsST Las FPosas aReEa., FARTHER soUTH aLoNG WooD RoaD THE OXNARGD AQUIFER
SHOWS SEVERAL PERMEADLE LAYERS PINCHING OUT, AND REPLACED AT THE SAME
LEVEL OY THICK CONTINUOUS cLays (SecTion S-S', Prate 18). WESTERLY UNDER~

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

- 1S POSSIDBLE THAT THE OXNARD AQUIFER IN THE MucU AREA MAY DIRECTLY ABUT

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

THE SOURCES OF RECHARGE TO THE OTHER UPPER PLEISTOGENE AQUIFERS ARE
MUCH LESS CLEAR. OCONTRIBUTIONS FROM THE MounD BASIN WOULD BE PREVENTED
BY ADVERSE WATER-LEVEL GRADIENTS. THERE ARE NO IMPORTANT PERMEADBLE ZONES
AT COMPARADLE DEPTHS IN E|JTHER WEST Las Posas oR PLEASANT VALLEY AND
UNDERFLOW FROM THESE SOURCES WOULD BE SMALL. {F THERE 1S SIGNIFICANT
PERENN}LAL RECHARGE TO THESE AQUIFERS IT IS PRODAGLY OERILVED FROM THE
MonNTALvVOo Basin., HOWEVER, THE GRAVELS BENEATH THE MonTaLvo Basin APPEAR TO

BE VERY LENTIcuULAR (SecTion Q-Q', PraTte 18). THE MuGU AQUIFER, WHICH IS
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THE LOWEST PERMEACLE ZONE ON SecTlon Q-Q', PLaTe 18, Is VERY CONTINUOUS
IN THE MuGu AREA, BUT CAN NOT BE TRACED TO. A POTENTIAL RECHARGE AREA IN
THE MoNTALVO BAsIN. T I's VERY 00VIOUS THAT THE DEGREE OF CONTINUITY
DISPLAYED BY THESE OLDER UPPER PLEISTOCENE AQUIFERS IS 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 MONTALVO Basin, aND
AS UNDERFLOW FROM SanNTa PaurLa Basin. THE WATER MOVED WESTERLY AND SGUTHERLY
TOWARD THE OCEAN. ESCAPE OF THIS WATER MAY HAVE TAKEN PLACE ALONG THE
ENTIRE SUOMARINE OUTGROP OF THE OUXNARD AQUIFER, ALTHOUGH THE SUDMARINE
OUTFLOW WAS PRODABLY CONCENTRATED IN HUENEME AND MUGU SUBMARINE CANYCONS.
BECAUSE OF THE CONFINING CLAY CAP, HIGH ARTES!AN HEADS WERE MAINTAINED GVER
MUucH oF THE OXNARD PrLaiN. Heaps oF 20 FEET OR MORE ABOVE THE GROUND
SURFACE HAVE DEEN REPORTED FOR THE PORT HUENEME AREA. THESE HIGH COASTAL
HEADS OPERATED TO SLOW THE COASTWARD UNDERFLOW, ALTHOUGH MONTALVO BASIN
PROBADLY REMAINED FULL MOST OF THE TIME, AND SHOWED HIGH LEVELS ALSO. WITH
MonNTALVO BastinN WATER LEVELS HIGH, SOME UNﬁsRFLow PROBABLY TOPPED THE CLAY
CAP AND FLOWED SEAWARD IN THE SURFICIAL SANDS. THE SHALLOW GROUND WATERS
WERE ABLE TO MOVE WESTERLY AND SOUTHERLY AND IN PLACES WERE ABLE TO REACH

THE OCEANa NoRTH oF PoRrT HUENEME, AND EXTENDING TQ ABOUT THE MOUTH OF THE

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

THE DEVELGPMENT OF A HIGH FREE WATER TADBLE |N THESE DUNES AS A RESULT OF
RAINFALL PENETRATION SERVED AS A DARRIER TO THE SEAWARD FLOW OF THE SHALLCW
GROUND WATERS. THE RESULT WAS THE BACKING UP OF THE WATER ON THE INLAND
SIDE OF THE DUNES. EARLY SoiL MAPS (REF. 6) SHOW PONDS AND EXTENSIVE AREAS
OF ALKAL! RESULTING FROM HEAVY EVAPOTRANSPIRATION OBEHIND THIS WATER—TAGLE
RIDGE. THE PONDING EFFECT CETWEEN PORT HUENEME AND FOINT MuGU MAY HAVE
BDEEN 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 PorT Hueneme,

In 8ection 1, TIN, R23W, THE WATER-TABLE RIDGE STILL FORMS I[N THE
DUNE SANDS. . IN THE SPrING OF 1958, WHEN THERE WAS ADNORMALLY HIGH RAINFALL,
THE WATER TADLE IN THE DUNES HAD DUILT UP TO AN ELEVATION OF ApouT 20 FEET

ABOVE SEA LEVEL. A WATER SAMPLE FROM A VERY SHALLOW WELL IN THE DUNE SANDS
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SHOWED TOTAL BISSOLVED SoLIDS OF onLY 189 PARTS PER MILLION. IN ABOUT A
YEAR THE WATER TABLE HaD DROPPED 10 FEET AND THE TOTAL DISSOLVED SOLIDS HAD
RISEN TO overR 1000 PARTS PER MILL{ON. ' ’

IN THE SprinG OF 1944 (PLATE 21), WATER MOVEMENTS WITHIN THE
OXNARD AQUIFER WERE ESSENTIALLY THE SAME AS THOSE UNDER NATURAL CONDITIONS,
ALTHOUGH THE PIEZOMETRIC SURFACE AVERAGED MORE THAN 10 FEET LOWER THAN
DURING THE ws% PERIOD ENDING IN THE EARLY 1920's. ForLowing 1944, as THE
DROUGHT PROGRESSED AND AS PUMPING INCREASED, THE WATER LEVELS IN THE OXNARD
PLAIN WERE LOWERED TO BELOW SEA LEVEL OVER ALL BUT THE MOCST LANDWARD
PORTIONS OF THE PLAIN. By THE FaLt ofF 1957 STATIC WATER LEVELS WERE AS
SHOWN ©oN PLaTE 22. ESSENTIALLY ALL OF THE WATER LEVELS WERE BELOW SEA LEVEL}S
ONLY THE NORTHERN PART OF THE MONTALVO BASIN AND THE CONFI{NED AREA TO THE
EAST SHOWED WATER LEVELS ADOVE SEA LEVEL. WATER MOVEMENTS UNDER THESE
CONDITIONS ARE TOWARD THE RESIDUAL PUMPING TROUGHS. NORTH 0F PORT HUENEME
THE PUMPING TROUGH AXIS PARALLéLs THE COASTLINE AND 1S 2 TO 3 MILES INLAND.
THE LOWEST STATIC 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. JTHE STEEP WATER=-TABLE GRADIENT NEAR W0O0D
RoaAaD DOES NOT DEMONSTRATE WATER MOVEMENT FROM PLEASANT VALLEY TOWARD THE
OxXxNARD PLAIN; THIS IS GEOLOGICALLY IMPOSSIOLE AT SHALLOW DEPTHS. THE
LOW WATER LEVELS NEAR THE EASTERN PINCHOUT OF THE OXNARD aqQuiFer (Woop Roap)
ARE EXPLAINED DY 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 REGCOVERY
(PLATE 21). ALL THE AREA NORTH OF THE CiTyY oF 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 SEcTIioN 23, T2N, R22W REFLECTS THE SPREADING AT THE EL Rio GROuUNDS.
MosT OF THE COASTAL PORTION OF THE OXNARD PLAIN, WHICH IN THE FaLL ofF 1957
WAS SEAWARD OF THE TROUGH AX!S, RECOVERED DECAUSE SEA WATER MOVED INTO THE
OXNARD AQUIFER. THUS, FOR COASTAL AREAS, THE ''"RECOVERIES'" TO SEA LEVEL MUST

BE VIEWED IN A CAUTIOUS WAY. As OF THE SeprRineg oF 1958 THE TROUGH HAD NOT

BEEN REMOVED COMPLETELY, OBECAUSE NOT SUFFICIENT TIME HAD ELAPSED FOR

COMPLETE RECOVERY., SMALL LANDWARD GRADIENTS STILL PERSISTED. THeE ABOvVE~-

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

IN MANY PLACES BENEATH THE OXNARD AQUIFER THERE ARE SANDS AND
GRAVELS WHICH APPEAR TC DE HYDROLOGICALLY DISTINCT FROM THE OXNARD AQUIFER.
Hueneme NavaL Base were #4 (IN/22W-20B71) HAS NOT BEEN INTRUDED BY SEA

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

CHLORIDES. WELL 20B1 APPEARS TO DE PERFORATED ONLY IN AN AQUIFER WHIGH

1s BELOW THE OXNARD AQUIFER. LACK.OF SEA-WATER INTRUSION MAY BE EXPLAINED
oYy (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 DE HIGHER THAN THOSE IN THE INTRUDED
OXNARD AQUIFER NEARDY, WHICH IS NOT THE CASE. THE DEEPER AQUIFER THEREFORE
MAY DE LENT!CULAR, AND NOT EXPOSED TO THE OCEAN. THE TENDENCY HERE 1S
FOR WATER TO MOVE DOWNWARD FROM THE OXNARD AQUIFER INTO THE DEEPER AQUIFER.

WeLL IN/22W-23J1 SHOWS PERSISTENTLY HIGHER WATER LEVELS THAN
SURROUNDING WELLS AND PROBABLY REPRESENTS CONDITIUNS IN A DEEPER, HIGHER
HEAD ZONE., J[HERE 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
1S A HIGH DEGREE OF COMMUNICATION AMONG THESE AQUIFERS THROUGH THE ™MULTI-
ZONE WELLS. |IN THIS AREA, SMALL HEAD DIFFERENCES DBETWEEN AQUIFERS ARE
BEING ADJUSTED BY FLOWS WITHIN THE WELLS, ESPECIALLY WHEN NOT PUMPING.
DOWNWARD LEAKAGE FROM SEMI~-PERCHED ZONES

IN A RECENT PAPER, |ISHERWOOD AND PILLSDURY (ReF. 39) wHave
SUGGESTED A DOWNWARD LEAKAGE FROM THE SEMI=PERCHED ZONE OF acouT 14,000
ACRE-FEET PéR YEAR. THEIR FIELD PROGRAM INVOLVED THE INSTALLATION OF
140 Pi1EZOMETERS, EACH 171 FEET DEEP, ON ROUGHLY A HALF=MILE GRID. LATER,
A NETWORK OF 271=FOOT PIEZOMETERS WAS INSTALLED ON ASOUT A ONE=-MILE GRID.
EacH OF THE 21~-F0O0T PIEZOMETERS WAS INSTALLED WITHIN A FOOT OR TWO OF AN
11-F0OT PIEZOMETER ALREADY [N PLACE. WATER-LEVEL ELEVATIONS WERE OETERMINED

ABOUT SEMI-ANNUALLY FROM 1953 710 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 LaGcunNa ROADS SHOWED DOWNWARD HYDRAULIJC

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

LeakaGe (14,000 ACRE-FEET PER YEAR) WAS DASED ON THE FOLLOWING [(NFORMATION

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 NEIGHOORING TILE DRAINS AND
SLIGHTLY ABOVE THE BOTTOM OF THE NEAREST DiITcH {1/4 MILE DISTANT).
THE TWO PIEZOMETERS ODSERVED BOTH GAVE A CHANGE IN LEVEL EQUIVALENT
To 0.9 FOOT OF WATER PER YEAR. TH!S 0.9-F00OT DRGP REPRESENTS

AN EXTRAPOLATED FIGURE DETERMINED FROM MEASUREMENTS TAKEN DURING

A TWO=MONTH PERIOD.

DowNwWARD VERTICAL GRADIENTS ARE ADOUT 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
HYDRAULIC CONDUCTIVITY IN A HORIZONTAL DJRECTION WILL BE ANY
GREATER THAN IN A VERTICAL DIRECTIONs, THE AUTHORS SUGGEST THEIR
ASSUMPTION REGARDING THE LIKELY EQUALITY OF HORIZONTAL AND VERTICAL
CONDUCTIVITY MAY BE INCORRECTj; BUT EVEN IF THE HORIZONTAL
CONDUCTIVITY EXCEEDS THE VERTIcAL B8Y 100 70 1, THE HORIZONTAL
GRAD!IENT WOULD STI!LL HARDLY EXCEED THE VERTI!CAL GRADIJENT.

FrRoOM THE ABOVE REASONING, ONLY HALF GF THE 0.9 FOOT PER YEAR,

orR O.L45 FOOT PER YEAR IS ATTRIDUTED TO DOWNWARD LEAKAGE.

The O.45 FOCT 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 PILLSBURY HAS [NVOLVED

THE FOLLOWING:

(1)
(2)

(3)

THE COLLECTION OF ALL THE WATER=-LEVEL MEASUREMENTS MADE BY THEM;
PLOTTING ON A BASE MAP, THE MAGNITUDES AND DIRECTIONS OF
HYDRAUL!IC GRADIENTS SHOWN BY WATER=-LEVEL DIFFERENCES IN THE
PlEZOééfERrPAIRé; . - ' V A -

PERSONAL DISCUSSIONS WITH |SHERWOOD AND PILLSBURY.
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THERE 1S NO REASON TO DOUBT THE EXISTENCE OF THE DOWNWARD HYDRAULIC

'

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) APPLIGATION OF WATER FROM ADOVE (PERGHING)
(A) IRRIGATION RETURN
(8) RAINFALL PENETRATION

(2) WiTHDRAWAL OF WATER FROM BELOW

(A) BY OUTFLOW TO THE OCEAN

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

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

(p) BY DOWNWARD LEAKAGE TO THE OXNARD AQUIFER THROUGH MULT!~
PERFORATED CAGLE-TOOL WELLS, GRAVEL-PACKED ROTARY WELLS, OR
ABANDONED WELLS WITH DETERIORATED CASINGS. ’

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

GRADIENT TOWARD THE COASTLINE, TUT IS HINDERED OV (A) THE WATER-TABLE 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.,
|F PRESSURE REDUCTION IN THE OXNARD AQUIFER GENERATED DOWNWARD
LEAKAGE THROUGH THE CLAY CAf, AND THE CLAY CAP IS ASSUMED TC BE OF UNIFORM
PERMEADBILITY, THE MAXIMUM DOWNWARD GRADIENTS SHOULD COINCIDE WITH THE
AREAS OF MAXIMUM DEPRESSION OF THE OXNARD AQUIFER PIEZOMETRIC SURFACE.
THIS IS DEFINI{TELY NOT THE PATTERN. LK MORE ACCURATE GENERALIZATION IS A
CLAY CAP OF VARIADBLE PERMEADBI!ILITY. UNDER THESE CONDITIONS THE MAXIMUM
DOWNWARD PIEZOMETER GRADIENTS SHOULD COINCIDE WITH "HOLES™ OR ROUTES OF
MAXTMUM PERMEABILITY THROUGH THE CLAY CAP. A STUDY OF THE GRADIENTS
OCCTAINED FROM THE PIEZOMETER DATA REVEALS THE FOLLOWING:
(1) SOME PIEZOMETER PAIRS SHOW PERSISTENT DOWNWARD GRADIENTS; SOME
SHOW PERSISTENT UPWARD GRADIENTS; SOME SHOW ODOWNWARD GRADIENTS
AT CERTAIN TIMES, UPWA®D AT OTHERS.
(2) THERE 1S NC CONSISTENT PATTERN SHOWING THAT GRADIENTS FLUCTUATE
V WITH THE SEASONS, OR HAVE CHANGED PROGRESSIVELY IN CNE DIRECTION

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

rw RECOGNJZED:
L

(a) Due wesT oF OxnarRD IN SecTion-5, TIN, R22W. THe OxnNARD
AQUIFER HERE IS OVERLAIN DY A NET CLAYEY THICKNESS OF AT

P LEAST 70 FEET.
‘ (o) Due EasT oF PorT HUENEME IN ABOUT SEGTION 22, TIN, R22W.

MosST LOGS INDICATE A NET CLAYEY THICKNESS OF ABOUT 90 FEET
- OVERLYING THE OXNARD AQUIFER.
i (¢) THE ENTIRE EASTERN PART OF THE COASTAL PLAIN DOTH EAST AND
‘ WEST OF Woob Roas. WEST OF Wo0D RoAD THE OXNARD AQUIFER 18§
THIN AND THE CLAY CAP 1S MUCH LESS SANDY THAN [N THE CENTRAL
: PART OF THE OxwnarD FrLain. EasT oF Woob Reab, IN PLEASANT
VALLEY, THERE IS NO OXNARD AQUIFER. THE HIGHEST DOWNWARD
GRADIENTS FOUND, inN PLEASANT VaLLEY souTH oF CAMARILLO, WERE
RECORDED FOLLOWING A RAIN, IN MarcH 1954,

THE FOLLOWING CONCLUSIONS SEEM JUSTIFIEDS
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 MoviNG DOWNWARD THROUGH ‘"HoLES™ N
THE CLAY CAP.
(3) MaANY OF THE RECORDED DOWNWARD GRADIENTS MAY BE THE RESULT COF
RAINFALL PENETRATION AND IRRIGATION RETURN, NOT NECESSARILY THE
RESULT OF WITHDRAWAL FROM DELOW.
, HowEVER, THE ISHERWOOD AND PILLSDURY DATA DC DEMONSTRATE THE
} FOLLOWING:
(1) SOME WATER IS MOVING DOWNWARD BELOW THE SOIL ZONES.
% ! (2) THIs MOVEMENT 1s LOGAL, RATHER THAN GENERAL.
(3) THE DIRECTION OF THIS MOVEMENT MAY CHANGE WITH TIME.
' THE DOWNWARD MOVEMENT 1S BEST EXPLAINED BY PUMPAGE FROM WELLS
WITH VERY SHALLOW PERFORATIONS, OR DOWNWARD TRANSMISSION TO THE OXMNARD
] AQUIFER THROUGH MULTI=-PERFORATED WELLS, ABANDONED 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 NOT START UNT!L THE MIn=1940's aT
THE START OF THE CURRENT DROUGHT. SiMILAR DOWNWARD MOVEMENTS MAY HAVE
} OCCURRED DURING THE 7930's. THIS DOWNWARD MOVEMENT TO THE OXNARD AQUIFER

MUST DBE VIEWED VERY SERIOQUSLY BECAUSE OF THE PCOR QUALITY OF THE SEMI-
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PERCHED WATERS.

THE METHOD USED BY ISHERWGOD AND PILLSBURY ToO ESTIMATE THE
DOWNWARD LEAKAGE 1S VERY MUCH SUDJECT TO QUESTION: ~THE CHANGES IN WATER
LEVELS USED WERE OBTAINED IN ONLY TWO PIEZOMETERS. THE CHANGE WAS RECORDED
DURING A PERIOD OF ONLY TWO MONTHS IN THE SUMMER AND EXTRAPOLATEC TO AN
ANNUAL DASIS. REGARDLESS OF THE MECHANISM USED TO EXPLAIN THE DOWNWARD
MOVEMENT, THE SUMMER RATE WOULD PROBADLY BE HIGHER THAN THE YEARLY AVERAGE.
ALS0, 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, O.45 FooT erer YEAR, |S EXTRAPOLATED TO AN AREA OF 32,000
ACRES, IN PLACES FAR DEYOND THE LIMITS OF THE OXNARD AQUIFER. THIS
EXTRAPOLATION IS NOT SUPPORTABLE, 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
FLUGTUATIONS 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 PRONOUNCED PRESSURE EFFECTS. NEAR THE MonTALVO Basin, HOWEVER, THE
HYDROGRAPHS SHOW A RESPONSE SIMILAR TO THE EMPTYING AND FILLING SEQUENCE,
AS, FOR EXAMPLE, IN weLlL 2N/21W-18R1 (PLaTE 24).  IN LaTE 1951 anD acalN
IN LATE 1957 THE ToP OF THE OXNARD AQUIFER MAY HAVE OEEN UNWATERED IN THE
VICINITY OF THIS WELL,

CLOSER TO THE OCEAN AND THE PUMEING TROUGH, DUT STILL LANDWARD
OF THE PUMPING TROUGH, IS wWELL 1IN/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 RECOVERY TO ABOUT
SEA LEVEL EVEN IN THE EXTREMELY DRY CONDITIONS OF LATE 1951, BUT NOT IN
LAaTE 1957. THERE WAS UNUSUALLY GOOD RECOVERY ABOVE SEA LEVEL IN THE WET

YEARS OF 1952 anp 1958, REFLECTING THE INFLUENCE OF RECHARGE FROM A LAND=-

WARD DIRECTION.
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CLosErR 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. ABOVE - IT.. .ON THE HYDROGRAPHS- 0F -WELLS- TN/21W=30F1 AND

2N/22W-31J1 (PLaTe 24) THE EARLY FORTIES WERE GHARAGCTERIZED DY ARTESIAN
FLOW, THEN A SHARP DECLINE WITH A MARKED LEVELING OF AVERAGE WATER LEVELS.
SEAWARD OF THE PUMPING TROUGH AXIS, WATER MOVEMENT HAS OEEN LANDWARD FROM
THE SEAWARD EXTENSIONS OF THE OXNARD AQUIFER, AND INVASION OF OCEAN WATER
HAS OGCURRED NEAR PORT HUENEME. ALTHOUGH WATER LEVELS DURING THE PUMPING
SEASON EACH YEAR MAY DROP SEVERAL TENS OF FEET BELOW SEA LEVEL, THERE IS
Recovsév TO ABOUT SEA LEVEL EAGH YEAR DURING THE PERIODS OF LESSER PUMPING.
BECAUSE OF THE SHORTNESS OF THE PERIODS OF MINOCR PUMPING, IT IS DOUBTFUL
THAT REGCOVERY 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 L0GS WERE AVAILABLE.
IN GENERAL, THE SAND COUNTS WERE MADE TO A DEPTH ofF 400 FEET, uUTILIZING
OIL WELL ELEGTRIC LOGS FOR PREDICTING THIGKNESSES OF THE DEEPER SANDS IN
PLACES WHERE THE WATER WELLS DO NCT PENETRATE BEYOND THE OXNARD AQUIFER.
UTIL1ZING THESE DATA, A SAND THICKNESS WAS ASSIGNED 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. [0 THE VOLUME OF
MATERIAL SO CALCULATED, A SPECIFIGC YIELD VALUE ofF 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 1.1 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 DOUBT THAT THE OXNARD AQUIFER HAS A
SUBMARINE OUTCROP IN HUENEME SUDMARINE CANYON. NOR 1S THERE ANY DOUDBT
THAT THE HIGH CHLORIDES IN WELLS NEAR PORT HUENEME ARE THE RESULT OF OCEAN

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

IN RESPONSE TO LANDWARD GRADIENTS. SQME QUESTION MAY_P;RﬁAF$ REMA}N THAT

THE SEA~WATER WEDGE HAS REACHED WeELL 1IN/22W-17J2 pecause werr 1N/22W-208B1,

ABOUT 1/2 MILE TOWARD THE COAST, SHOWS UNCONTAMINATED WATER. HOWEVER, THE
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ARRIVAL OF HIGH CHLORIDE WATER AT WeELL IN/22W~17J2 1s CONSISTENT WITH THE
EXPECTABLE RATE OF ADVANCE AND SHOWS CHLORIDE FLUCTUATIONS, UPCN BEING
PUMPED, LIKE THE KNOWN INTRUDED WELLS. WELL TN/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 1S QUITE PROBABLE 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 AQUIFER, THESE ARE
QUITE LIKELY EXPOSED TO OCEAN WATER IN HUENEME SUBMARINE CANYON.

BENEATH THE MuGU NAVAL BASE THE STATUS OF SEA=WATER INTRUSION IS
MUCH LESS GLEAR. HIGH CHLORIDES HAVE DJEEN RECORDED IN THE WATERS PUMPED
From OpseRvaTionN weLL #2 (1S/21W-5H1) FOR ABOUT TEN YEARS. WATER SAMPLES
ARE TAKEN FROM TWGC SETS OF PERFORATIONS SEPARATED OY A PACKER AND A SEAL,
ERRATIC WATER LEVELS IN THIS WELL RENDER ALL CHEMICAL DATA SUBJECT TO
QUESTION., NO PRODUCING WELL ON THE Mueu 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 PROBADLY THAT BOTH HAVE OUTCROPS IN NEARDY

MUGU SUBMARINE CANYON, AND DES#ITE THE FACT THAT NO WELL AS YET
CONCLUSIVELY DEMONSTRATES THE ADVANQING SEA=-WATER FRONT, IT IS HIGHLY
PROBADLE THAT SEA~WATER INTRUSION HAS OEEN OCCURRING FOR SEVERAL YEARS IN
BOTH 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 BAS!S OF
ABUNDANT FOSSIL EVIDENCE HAVE DBEEN 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 I[N A MARINE
ENVIRONMENT AND IN SHALLOW WATER., AT THE TIME OF DEPOSITIJON THE Fox Canvon
SANDS AND GRAVELS WERE SATURATED WITH SEA WATER. AS SHOWN DY THE CONTAINED
FOSSIL REMAINS, THE UPPER LAYERS OF THE SanNn 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 DIsTRICT. VARIATIONS IN CHARACTERISTICS
FROM PLACE TO PLACE HAVE DEEN PRODUCED BY ORIGINAL DIFFERENCES IN THE
MANNER OF DEPOSITION, AND BY EXTENSIVE FOLDING AND FAULTING DURING THE
MiDDLE PLEISTOCENE DISTURBANCE, WITH SUBSEQUENT REMOVAL OF SOME OF THE
LAYERS DY EROSION. THE MIDODLE PLEISTOCENE DISTURBANCE PRODUCED A SERIES

OF EAST—-WEST FOLDS AND FAULTS, SOME OF WHICH HAVE CONSIDERADBLE HYDROLOGIC

SIGNIFICANCE. THE NORTHERNMOST FOLD, THE SANTA CLARA RIVER SYNGLINE

(PLATE 17) CAN BE TRACED FROM THE COASTLINE NEAR THE CiTY OF VENTURA ALL

THE WAY EAST INTO THE PIRU BASIN] IT PROBAGLY ALSO EXTENDS FOR SOME DISTANGCE
WESTERLY BENEATH THE 0CEAN. NgarR THE SanTa CLarA RiveErR THE San PEDRO BEDS
ARE ARCHED UPWARD ALONG THE MoNTALVO FAULT, A COMPLEXLY FAULTED ANTICLINAL
FOLD WHICH IS THE WESTWARD EXTENSION OF THE QaAk Ripoee FaurLT anND SouTH
MOUNTAIN UPLIFT. THEVVERTiCAL DISPLACEMENT ON TH!S HUGE ZONE OF FRACTURING
DECREASES FROM A MAGNITUDE OF SEVERAL THOUSAND FEET NEAR THE END OF SOUTH
MouNTAIN TO aBouT 500 FEET AT THE COASTLINE. IN THE MounND BASIN THE SURFACE
EXPOSURES OF THE SAN PEDRO FORMATION DO NOT SHOW THE THICK BASAL Fox

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 MONTALVO BASIN AND CURVE SHARPLY TO THE NORTH
WHERE THE BEDS HAVE DEEN 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 OUTGROP", WESTERLY
FrRoM SaTicoy THE Fox CANYON AQUIFER CAN BE TRACEO, USING ELECTRIC LOGS

OF OIL WELLS, ON DOTH SIDES OF THE MONTALVO FAULT TO THE COASTLINE. THE

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

THE SanNTa CLARA RIVER SYNCLINE. FroM 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 OxwarD Prain, THE
WesT Las Posas area, THE CamMARILLO HirLts, aND PLeEAsanNT VaLLEY.

ANOTHER IMPORTANT FOLD IS THE OXNARD SYNCLINE, EXTENDING
WESTERLY FROM THE WEST Las Posas AREA. ALONG THE AXIS OF THIS FOLD THE

BASE O0F THE Fox CaNYON 1S IN PLACES MORE THAN 2000 FeeT DEEP. FARTHER

SOUTH, THE FAULTED ANTICLINE OF THE CaMarILLO HiLLS APPEARS TO DIE OUT TO

THE WEST. In THE CamariLLo HiLes, ExPoSURES OF Fox CANYON BEDS ARE RELATED
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TO UPLIFTS ALONG FAULTS. JTHE PLEASANT VALLEY AREA SHOWS SEVERAL MINOR FOLDS
AND FAULTS, BUT IS GENERALLY A WESTWARD=PLUNGING SYNCLINE. THE NORTH=
WESTERN FRONT OF THE SanNTA Montca MOUNTAINS IS PROBABLY ASSOCIATED WITH A
SERIES OF FAULTS, NOW LARGELY BURIED.

WATER WELLS TAPPING THE Fox CANYON AQUIFER ARE NUMEROUS (N
PLEASANT VALLEY, BUT HAVE DEEN DRILLED ONLYAALONG THE EDGES OF THE OXNARD
PLatN. 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 CANYON AQUIFER QAs DEEN OBDTAINED FROM DATA COLLECTED
IN NUMEROUS OIL WELLS. FESPECIALLY VALUABLE HAVE DEEN THE ELECTRIC LOGS»

THE RASE OF THE Fox CANYON AQUIFER IS QUITE READILY DETERMINED
FROM DRILLERS' REGORDS AND ELECTRIC LOGS, FOR DBELOW THE DBASAL GRAVEL 1S
USUALLY THE THICK SHALE OF THE SANTA BARDARA FORMATION. A RECOGNIZABLE
CHANGE IN THE TYPES OF FOSSILS HAS DEEN DESCRIDED AS OCCURRING AT THE DBASE

)
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 SaANTA BARBDARA FORMATION SHOWS A THICK GRAVEL ZONE, REFERRED

To AS THE GrRIMEs Canyon MEMBER. OVER MUCH OF TS AREA OF OCCURRENCE THE

GrRiMES CANYON MEMBER HAS AN EXTENSIVE HYDRAULIC CONNECTION WITH THE Fox
CANYON AQUIFER.

IN CONTRAST WITH THE GENERALLY RECOGNIZED GASE OF THE Fox Canvon
AQUIFER, THERE SEEMS TO HAVE BEEN NO CONSISTENT INTERPRETATION FOR THE
ToP. WHEREAS THE SAND AND GRAVEL LAYERS NEAR 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
FrROM SaTicoy To PorT Hueneme (Section Z-Z', PLaTE 19) THE ELECTRIC LOGS
SHOW A CONTINUOUS BASAL GRAVEL ZONE USUALLY LESS THAN 50 FEET THICKs
ADOVE THIS 1S 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 IN
THICKNESS IN THE MAIN SANDY ZONE S EXPLAINED BY INTERFINGERING WITH CLAYS
AT THE TOP .ANDO AT THE BOTTOM. . ABOVE THE LAYERS JUST DESCRIDED THERE IS
MUCH LESS REGULARITY IN THE LAYERING. NEVERTHELESS, THERE (S USUALLY ONE

OR MORE THICK (UP To 100 FEET) SAND ZONES ABOVE THE MORE CONTINUOUS
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PERMEABLE LAYERS. A TYPICAL ELECTRIC LOG OF THE Fox CANYON AQUIFER IS GIVEN
IN PLATE 26.

- "NORTHERLY FROM THE CiTy 0oF OxnARD THE Fox CaANYON AQUIFER CAN OE
TRACED, USING ELECTRIGC LOGS, TO DEYOND THE SanTA CLARA RIVER. As PREVIOUSLY
NOTED, THE AQUIFER THINS AND PINCHES OUT SOUTH OF THE OUTCROPS ON THE NORTH
sipE OF THE Mouno BasiN. TOWARD THE SOUTHEAST FROM THE CiTy OF OXNARD THE
Fox CANYON AQUIFER THINS AND RisEs (SecTion V=V', PraTe 20), APPEARING IN
Mugu NavaL Base wert #3 (1IN/214=%1L1) as Two SANDY ZONES, EACH ABouT 70
FEET THICK. TowaRD CaMARILLO THE San PEDRO FORMATION OGVERLYING THE Fox
CANYON AQUIFER DECOMES MUCH LESS SANDY; ALSO THE Grimes CanNyON MEMBER DIRECTLY
UNDERLIES THE Fox CANYON AQUI{FER, RESULT{NG IN A CCNTINUOUS SAND THICKNESS
oF as mucH as 500 FEeeT. .
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, aAND OxnARD PLAIN Basins.
THE MouND BASIN WAS NOT INCLUDED IN THIS CALCULATION. ALL AVAILADLE WATER
WELL LOGS AND MANY OlL WELL LOGS (esPECIALLY ELECTRIC LOGS) WERE STUDIED.,
ForR EACH WELL A SAND COUNT WAS MADE, FOR THE INTERVAL FROM A DEPTH OF ABOUT
4LOO FEET TO THE DASE 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 GENT WAS ASSIGNED. THE ESTUIMATED
VOLUME OF WATER IN STORAGE !N THESE SANDS IS 6 MILLION ACRE-FEET. JHERE
s ABUNDANT EVIDENCE THAT THESE SANDS HAVE OEEN THOROUGHLY FLUSHED WITH
FRESH WATERS, AND A VERY LARGE PERCENTAGE OF THE WATER IN STORAGE 1s
EXPECTED TO BE OF USADLE CHEMICAL QUALITY,
Less RELIACLE ARE THE ESTIMATES WHICH CAN CE MADE FOR THE

VOLUME OF WATER IN STORAGE IN THE SEAWARD EXTENSIONS OF THE Fox CanYoON
AQUIFER. THERE IS A HIGH PROBABILITY THAT THE Fox CANYON AQUIFER HAS
SUCMARINE OUTCROPS IN HUENEME AND MUGU SUDMARINE CANYONS AND ALONG THE
OCEAN FLCOR AT COMPARADLE DEPTHS CETWEEN THE TWO CANYONS. A NET SAND
THiICKNESS oF 300 FeEeT FOR THE Fox CANYON AQUIFER AND UPPER SaAN PEDRO wAs

USED DETWEEN THE SHORELINE AND THE ESTIMATED POSITION OF THE SUBMARINE
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OUTCROP. BY ASSUMING A SPEGIFIC YIELD oF 20 PER CENT, THE ESTIMATED VOLUME
IN STORAGE DETWEEN THE .TWO CANYONS 18 1.5 MILLION ACRE-FEET. THIS HAS DEEN
AN AREA OF FREE-FLUSHING -AND THE WATER IS EXPECTED TO BE _OF ACCEPTADLE
CHEMICAL QUALITY. ' ‘ '

THE COND!TIONS OFFSHORE NORTH OF HUENEME SUBMARINE CANYON ARE
EVEN LESS CLEAR. THI!S OFFSHORE AREA IS RATHER SHALLow, AND THERE MAY BE
NO SUDMARINE OUTCROPSQ EXGEPT THOSE OF THE HIGHER ZONES OF THE UPPER SAN
PEDRO FORMATION. THE NET SAND THICKNESS IN THIS OFFSHORE AREA WAS TAKEN
as 500 rFeEeT, AND THE SPEGIFIC YIELD As 20 PER GENT, 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. T 1s
HIGHLY PROBAGLE THAT THE WATER IS FRESH WITHIN THE Fox CANYON AQUIFER IN
THE OFFSHORE AREA NORTH OF HUENEME SUDBMARINE CANYON HewEVER, THE LACK OF
SUDMARINE OUTCROPS MAY HAVE RETARDED RECENT FLUSHING, AND THE CHEMICAL
QUALITY OF THIS WATER MAY BE POORER THAN IN THE OFFSHORE AREA SOUTH OF
HUENEME SUBMARINE CANYON.
SQURCES OF RECHARGE

AS POINTED OUT ABOVE, THE Fox CANYON AQUIFER IS 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 EX1TS FOR THE FLUSHED WATER WERE PRODADLY STILL
GENEATH THE OCEAN. BECAUSE OF THE DEPTH AT WHICH FRESH WATER 1S NOW FOUND
(3000 FEET in SecTionN 1, TIN, R23W) IT SEEMS APPARENT THAT THE FRESH-WATER
FLUSHING TOOK PLACE INITIALLY NOT LONG AFTER SAN PEDRO DEPOSITION, OUT
SEFORE THE MAJOR MIDDLE PLEISTOCENE DIASTROPHISM WHICH HAS SO EXTENS!IVELY
FOLDED AND FAULTED THESE DEDS. 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 CANYON AQUIFER DEMONSTRATES THAT
IT HAS AN EXTREME DEGREE OF HYDROLOGIC CONTINUITY. CHLORIDES, AN
EXPECTADLE INDICATOR OF RESIDUAL SEA WATER, ARE ALMOST INVARIADBLY THE
LEAST ABUNDANT ANIONo 7

FRESH WATERS TODAY GONTINUE TO MOVE WITHIN THE Fox Canvyon

AQU!FER FROM INLAND AREAS TOWARD THE COASTLINE. THE BEST PERENNIAL 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 IT IS LOCATED IN PART
UNDER THE SATICOY SPREADING GROUNDS, THE SUD=ALLUVIAL OUTCROP RECE[VES A
DIRECT AND IMMEDIATE OBENEFIT FROM THE DISTRICT'S SPREADING OPERAT!ONS.
BETWEEN THE END OF SOUTH MOUNTAIN AND THE WESTERN END OF THE CAMARILLO
HitLs, UNDERFLOW WITHIN THE Fox CANYON AQUIFER MOVES WESTERLY FROM THE
WesT Las PosAs 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 1S EXPECTED TO DECREASE IN THE
FUTURE. ANOTHER INCREMENT OF UNDERFLOW MOVES WESTERLY THROUGH THE Fox
CANYON AQUIFER NEAR SGMIS AND INTO PLEASANT VALLEY. THE SOURCE OF THIS
UNDERFLOW, EasT Las Posas BASiIN, IS EXPERIENCING A SEVERE OVERDRAFT, AND
THIS UNDERFLOW, TOO, WILL DIMINISH, NO OTHER SOURCE OF RECHARGE TO THE
Fox CANYON AQUIFER, iIN THE AREA COVERED IN THié REPORT, IS CONSIDERED OF
MUCH QUANTITATIVE IMPORTANCE.
MOVEMENTS OF WATER |

OVER ALMOST ALL THE AREA STUDIED THE FoX CANYON AQUIFER IS
CONFINED BY SEVERAL TO MANY THICK LAYERS OF LOW PERMEADILITY. BECAUSE OF
OUTCROPS AT HIGH ELEVATIONS, ORIGINAL PIEZOMETRIC LEVELS WERE MUCH ADOVE
SEA LEVEL AND THE WATER FOLLOWED RELATIVELY SIMPLE WESTERLY PATHS FROM THE
OUTCROP AREAS TOWARD THE SUBMARINE QOUTCROPS. PERSISTENT SEAWARD FLOW
CONTINUED UNTIL THE MiD~-1940's, DESPITE RELATIVELY HEAVY PUMPAGE IN
PLeasanT Vartey (PLaTe 21). STARTING PERHAPS IN 1947 AND GERTAINLY BY
1948, THE HEAVY PUMPAGE IN PLEASANT VALLEY HAD CREATED A SEVERE OVERDRAFT
AND WATER BEGAN TO MOVE WITHIN THE Fox CANYON AQUIFER FROM ITS EXTENSIONS
CENEATH THE OCEAN TOWARD THE INLAND CENTERS OF PUMPING. SincE 1948 waTer
LEVELS EVERYWHERE IN PLEASANT VALLEY EXCEPT THE EASTERNMOST PORTION HAVE
REMAINED DBELOW SEA LEVEL. IN THE NORTHERN PART OF THE OXNARD PLAIN, WHERE
THERE HAS DEEN AS YET LITTLE PUMPING FROM THE Fox CaANYON AQUIFER, THE
WATER LEVELS HAVE REMAINED SOMEWHAT HIGHER; SIGNIFJCANT LANDWARD GRADI|ENTS
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; THé wéLL cAé{NG oR GﬁAVEL>PACk MAY ALLOW FREE COMMUNICATION

aMoNG THE Fox CanvyoN AQUIFER, UPPER SAN PEDRO SANDS, AND YOUNGER ALLUVIAL
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DEPOSITS. THESE WELLS MIGHT ALLOW MUCH INTER=ZONE WATER MOVEMENT,
ESPECIALLY WHEN NOT PUMPING. WELLS PERFORATED ONLY IN THE Fox CANYON
AQUIFER TEND TO MAINTAIN ‘A HIGHER PIEZGMETRIC SURFACE -THAN THOSE PERFORATED- -
ALSO IN THE SHALLOW AQUIFERS. WATER PUMPED FROM THE SHALLOW AQUIFERS |S
THUS REPLACED OY WATER FROM THE Fox CANYON AQUIFER, BY FLOWING UPWARD IN
WELLS DURING NON=PUMPING PERIODS, INTRUDING SEA WATER MOVING INLAND IN ONE
AQUIFER MIGHT TRAVEL UPWARD IN A WELL TO A DIFFERENT AQUIFER, LONG BEFORE
THE SEA-WATER FRONT IN THE SECOND AQUIFER HAD REACHED THIS POSI!T!ON.
[MPEDIMENTS TO GROUND WATER FLOW

As NOTED ADOVE, THE MAIN LOWER FOoX CANYON .SANDS AND GRAVELS HAVE
A HIGH DEGREE OF CONTINUITY AND WATER MOVEMENT IS RELATIVELY UNRESTRICTED.
HiGHER IN THE San PEDRC FORMATION THE WATER-BEARING ZONES ARE LESS GONTINUOUS
AND WOULD HAVE LESS OPPORTUNITY FOR FREE RECHARGE. SIMILARLY, THEY ARE
LESS SUBJECT TO SEA-WATER INTRUSION. THERE IS USUALLY VERY LIMITED INTER-
CONNECGTION AMONG THESE UPPER SAN PEDRO SAND LENSES. Many, HOWEVER, HAVE
BEEN INTERCONNECTED RECENTLY BY MULTI—-ZONE CABLE=-TOOL WELLS AND ROTARY
GRAVEL~PACKED WELLS.

IN ADDITION TO REST§ICTIONS IMPOSED BY LENTIGULAR DEPOSITION,
UNDERGROUND FLOW IN THE Fox CanYoN AND UPPER SAN PEDRO AQUIFERS 1S RETARDED
BY SEVERAL FAULTS. VERY LITTLE WATER (S BELIEVED TO MOVE THROUGH THE‘SAN
PEDRO AQUIFERS ACROSS THE CoUNTRY CLUB AND SATicoY FAULTS FROM THE SaNTA
PauLa BasiIN INTO THE MounD Basin. A VERY EFFECTIVE BARRIER TO UNDERFLOW
IS PRODABLY AFFORDED 0Y THE MONTALVO FAULT AND ASSOC1ATED STRUGTURAL
DISTURBANCES., IN THE CAMARILLO HILLS THE EFFECTIVENESS OF THE SPRINGVILLE
FauLt (PLATE 17) AS A GROUND-WATER DARRIER 1S AMPLY DEMONSTRATED DY A
BDREAK IN THE PIEZOMETRIC SURFACE OF AS MUCH AS 90 FeEeT. THE BARRIER EFFECT
SEEMS TO DECREASE TOWARD THE WEST ALTHOUGH THERE IS NO WELL CONTROL TO
CONFIRM TH!S SUGGESTION. THE CamarILLO FaurT (PLATE 17) DOES NOT APPEAR
TO RESTRICT WATER MOVEMENTS WITHIN EITHER THE Fox CANYON OR UPPER SaN
PEDRO AQUIFERS.

FLUCTUATIONS OF WATER LEVELS

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

' RESPONSES. WeLL 2N/22W—12K3 (PL§T5725), LOCATED CLOSE TO THE SUB—-ALLUVIAL

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

OF SPREADING AT THE SATICOY SPREADING GROUNDS., EXCELLENT RECOVERIES CAN
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BE NOTED FOR 1952 ano 1953, WHEN LARGE AMOUNTS OF WATER WERE SPREAD.
ESPECIALLY STRONG WAS THE RISE IN 1958, COINCIDING WITH THE DisTrRiCT!'S
BEST SPREADING YEAR. AT THIS POSIT!ON, THE Fox CANYON PILEZOMETRIGC SURFACE
IN THE SPRING IS USUALLY 10 FEET OR SO ABOVE THE LOCAL WATER TADLE,
THE HYDROGRAPH OF weELL 2N/21W-16R1 (PLaTe 25) ILLUSTRATES THE
TREND OF Fox CANYON PRESSURE LEVELS IN WesT Las Posas BasInN JusT easT
OF THE OXNARD PLAIN., THE SHARP DOWNTREND, WITH LITTLE RECOVERY DURING THE
WET YEARS oF 1952 anD 1958, 1s INDICATIVE oF RATHER SEVERE OVERDRAFT.
THERE IS LITTLE DOUBT THAT UNDERFLOW WITHIN THE Fox CANYON AQUIFER FROM
WEST Las Posas BASIN TO BENEATH THE OXNARD PLAIN WILL CONTINUE ToO DECREASE.
A SIMILAR, BUT EVEN MORE PRONCUNCED OVERDRAFT INDICATION IS
SHOWN DY THE HYDROGRAPH oF weLt 2N/20W-17J3 (PuLaTe 25). THIS wELL 1Is
DRILLED INTO THE Fox CANYON AQUIFER CLOSE TO THE DOUNDARY oF PLEASANT
VaLLey ano East Las Posas Basin. IN THIS FREE WATER TABLE AREA THE DECLINING
WATER LEVEL IS EVIDENCE OF THE GRADUALLY DECREASING SATURATED CROSS—
SECTIONAL AREA THROUGH WHICH UNDERFLOW IS BDEING 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 IN/21W=-10F1 (PLaTE 25). DURING THE WET
YEARS OF THE EARLY T940's, THERE WERE RELAT|VELY FEW WELLS PUMPING FROM
THE Fox CA&YON‘AQUIFER. FoLrLowine 1945, as THE DROUGHT PROGRESSED, MANY
MORE Fox CANYON WELLS WERE WRILLED, AND THE NUMBER 0F Fox CANYON WELLS
ABOUT DOUBLED BETWEEN 1944 ano 1951, Tue COMDINATION OF FAILING RECHARGE
AND INCREASING PUMPAGE RESULTED IN STATIC PRESSURE LEVELS GOING BDELOW SEA
LEVEL 1N 1946, In 1948 THErRE was an ESPECIALLY SEVERE DROP AND THE STATIC
WATER LEVELS HAVE REMAINED DBELOW SEA LEVEL FOR MOST OF THE TIME SINGE THEN,
THE PUMPING IS SO HEAVY THAT TRUE INLAND RECHARGE EFFECTS ARE MASKED.
THE SHARP RISE IN 1951~52 |s MERELY A PRESSURE RECOVERY CAUSED BY A
RELATIVELY PROLONGED PERIOD OF NON~PUMPING DURING A WET YEARe. AFTER 1953,
SEASONAL HIGHS CONTINUED TO DECLINE, BUT ONLY MODERATELY. THERE |s a MARKED
TENDENCY FOR PRESSURE LEVELS TO RETURN TO SEA LEVEL. THIS is DELIEVED
DUE TO THE OPERATION OF A U~TUBE EFFECT WITH SEA WATER ON THE OTHER LIMG.
THE RECOVERY OF THE PRESSURE LEVEL TO SEA LEVEL (on ACTUALLY MaNY FEET
ABOVE SEA LEVEL) IS A SLOW PROGESS AND WOULD OCCUR DURING A SUFFICIENTLY

LONG PERIOD OF NON-PUMPING. SINCE 1953, THE PIEZOMETRIC 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 IN 1958 THan In 1957.

THe HueneME NavaL BASE DEEP WELL (IN/22W~17B1) Is PERFORATED IN

THE UPPER PART OF THE Fox Canyvon AQUIFER, AND TH|S SAND HAS BEEN TRACED TO

THE SUD-ALLUVIAL OUTCROP AT THE SATICOY SPREADING GROUNDS. THE PIEZOMETRIC
LEVEL IN WELL 17B1 REACHED A PEAK IN THE MIDGOLE OF MARCH 1959 DURING AN

UNUSUALLY DRY RAINFALL SEASON. IT Is sugGgEsTED THAT THIS HIGH WATER LEVEL

REFLECTS THE December 1958 sereapine OPERATIONS IN THE MonNTALvVO Basin, IF
THIS INTERPRETATION IS CORRECT, THE PRESSURE WAVE TRAVELED FROM THE SATicCOY
SPREADING GROUNDS TG THIS WELL, A DISTANCE OF ADOUT & MILES, IN THE 2%

MONTH PERIOD FROM THE END OF DECEMBER TO THE MIDDLE OF MaRCH.
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CHAPTER 111
WATER QUALITY

CRITERIA OF SUITABILITY

THE USABILITY OF.GROUND WATER |S GENERALLY EVALUATED FROM THE
RESULTS OF CHEMICAL ANALYSES OF THE MAJOR JONIC CONSTITUENTS. MiNoOR
CONSTITUENTS SUCH AS BORON AND FLUORIDE HAVE ODEEN ADDED TO STANDARD
CHEMICAL ANALYSES DBECAUSE THEY OCCUR IN NATURAL WATERS AND ARE UNDESIRADLE
IN MINUTE QUANT}TIES; IN THE EVENT OF SUSFECTED POLLUTIONyg THE CONCENTRA-
TIONS OF MANY OTHER SUDBSTANCES MAY B8E DETERMINED. IN ADDITION TO CERTAIN
SOLIDS D}ISSOLVED IN THE WATER, LIMITATIONS ON USADBILITY MAY BE PLACED
BY FACTORS OF TURDIDITY,; COLORgy OR DISSOLVED GASES.
DOMESTIC USE

CRITERIA OF ACCEPTADILITY OF WATER FOR DOMESTIC USE ARE MOST

_COMMONLY RELATED TO THE UNiTED STATES PusLic HeEALTH SERVICE DRINKING WATER

STaNDARDS OF 1946, THESE STANDARDS WERE ORIGINALLY SET IN 1914, anD WERE
REVISED IN 1942, THe 1946 VERSION REPRESENTS THE SECOND REVISION; LT IS
UNDERSTOGD THAT A THIRD REVISION |S CURRENTLY DEING STUDIED. AS CONCEI[VED
AND REVISED; THESE STANDARDS WERE [NTENDED TO APPLY ONLY TO WATERS USED

BY INTERSTATE CARRIERS OR WATERS SUBJECT TO FEDERAL QUARANTINE REGULATICNS.
HOWEVER, GECAUSE OF WIDESPREAD ADOPTION 8Y THE AMER[GAN WATER WORKS
ASSOCIATION AND BY MOST STATE DEPARTMENTS OF HEALTH, THESE STANDARDS NOW
ARE GENERALLY APPLIED TO ALL PUBLIC WATER SUPPLIESe FOR CERTAIN CHEMICAL
SUDSTANGES, THE LIMITS GIVEN ARE MANDATORY:

LEAD o o« « % o o o o « Ou71 PART PER MILLION
FLUORIDE o s » o s o o 145 PPM
ARSENIC. 2 2 o« o« o « o« 0.05 pPerm
SELENIUM 4 o o a2 s o o 0.05 pPerm
HEXAVALENT CHROMIUM. o Q.05 rpPmM

THERE APPEARS TO DE AMPLE EVIDENCE THAT CONCENTRATIONS IN EXCESS OF THESE
ARE TOXIC TO HUMAN DEINGS. OF THE ADBOVE CHEMICAL ELEMENTS, ONLY FLUORIDE
IS OF IMPORTANCE (N THE DISTRICT, AS IT OCCURS AS A NATURAL SUBSTANCE IN

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

CALIFORNIA -DEPARTMENT -0F-FuUBLiIC HEALTH HAVE INDICATED THAT A RIGID LIMIT

‘oF 1¢5 PARTS PER MILLION 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 DISTRICT WOULD
RANGE FROM A LITTLE BELOW 60°F To A LITTLE AQOVE 60°F, THE INDICATED LIMIT
WOULD PROBABLY 0E CLOSE TO 1.0 PART PER MILLION.

FOR LESS GRITICAL SUBSTANCES THE 1946 STANDARDS ENUMERATE NON-

MANDATORY, BOUT RECCMMENDED LIMITS:

COPPER +« & o & 4 « o ¢ o o« « = o o« o o « 3.0 PARTS PER MILLION
IRON AND MANGANESE TOGETHERa s o« » o« « o 0.3 PPM
MAGNESIUM: o o o o o s o o« o o « o« » o 125 PPM
ZINC 4 o o o a o« « o s = o s « o o « o 15 PPM
CHLORIDE & « o o s o 2 » « « o« o » « o 250 PPM
SULFATE. « o » s o s o o 2 = o o » « » 250 PPM

PHENOLIC COMPOUNDS, IN TERMS OF PHENOL . 0.001 pPM
TOTAL SOLIDS, DESIRABLE. 4 « « « « « o 500 PPM
TOTAL SOLIDS, PERMITTED: & « » + » s« »1000 PPM

COPPER AND ZINC ARE RARELY REPORTED IN OXDINARY 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 POLLUTION BY INDUSTRIAL

WASTES. IRON AND MANGANESE ARE MORE AOUNDANT IN NATURAL WATERS, AND !{RON
OCCASIONALLY APPEARS ON REPORTS OF CHEMICAL ANALYSES. THE RECOMMENDED
0.3 PPM IRON PLUS MANGANESE LIMIT IS GASED, NOT UPON PHYSIOLOGICAL
CONS|IDERATIONS, BUT UPON TASTE, AND STAINING OF PORCELAIN FIXTURES.
CERTAIN AUTHORITIES REPORT THAT THE UNDESIRABLE QUALITIES ARE PRESENT AT
EVEN LOWER CONCENTRAT!IONS. |RON PROBLEMS WITHIN THE DISTRICT ARE NOT
SEVERE. SOME WELLS IN THE Mouno BAsIN SHOW HIGH IRON PLUS MANGANESE.
DEEPER AQUIFERS OF THE SaN PEDRO FORMATION TAPPED BY THE CITY oF VENTURA
BDEACH WELLS PRODUCE WATER WITH VERY HIGH |RON CONTENT AND THE CiTY HAS
RECENTLY COMPLETED A PLANT FOR |RON REMOVAL. WATERS APPROACHING OR
EXCEEDING O.3 PPM |RON PLUS MANGANESE ARE FOUND IN WELLS SCATTERED OVER
THE OxNawD Pratn anD FrLEASANT VaLrey., ON THE OTHER HAND, THE GCONCENTRATIONS
IN PIru, FiLLMORE, AND SaNTa PauLa BASINS ARE UNIFORMLY QUITE LOW.
MaeNESIUM IN THE DISTRICT'S WATERS IS ALMOST INVARIABLY THE

LOWEST IN CONCENTRATION OF THE THREE MAJOR CATIONS. WHEN THE MAGNESI|UM

CONTENT ..1.8§ -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 UNDESIRABLE CHARACTERISTIC. [T APPEARS THAT MAGNESIUM CONTENT
[ .BECOMES HIGH ONLY WHEN THE WATER IS POOR FOR MANY REASCNS.
IN THE NATURAL FRESH WATERS OF THE DISTRICT, CHLORIGE IS ALMOST
[ ALWAYS THE LEAST ABUNDANT OF THE THREE MAJOR ANIONS. CHLORIDES IN EXCESS
L oF 250 PPM WOULD PRODABLY MEAN THAT THE NATURAL WATERS HAD OEEN DEGRADED.

UNDES I RABLE TASTE, RATHER THAN HEALTH CONSIZTERATIONS, HAS BEEN THE BASIS

[ FOR THE RECOMMENDED CHLORIDE LIMIT. EXPERIMENTS IN WARMER CLIMATES HAVE

SHOWN THAT CONCENTRATIONS OF 1000 PPM MAY DE TOLERAGLE TO HUMAN DEINGS. For
‘ PERSONS SUFFERING FROM HEART AND KIDNEY DISEASES, THE TOLERANGCE 1S MUCH LESS
THAN FOR HEALTHY 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 EXGCEPTION. WATERS WITH LESS THAN 250 PPM OF SULFATE ARE UNCOMMON.
i THE RECOMMENDED LIMIT [S GASED UFON A LAXATIVE EFFECT RATHER THAN upbw TASTE
OR TOXiCITY. NEWCOMERS TG THE HIGH SULFATE WATER SUPPLY ARE ESPECIALLY
SUSCEPTIOLE. WITHIN THE.D!STRICT, PEOPLE HAVE DEEN DORINKING WATER WITH
500 10 1000 PPM OF SULFATE FOR MANY YEARS WITHOUT DISCOMFORT. THUS THERE
IS AMPLE PROOF THAT THE 250 PPM LIMIT S UNNECESSARILY LOW. FURTHERMORE,u
ONLY A FEW DOMESTIC OR MUNICIPAL WATER SYSTEMS IN THE DISTRICT COULD MEET

THIS REQUIREMENT,

-

PHENOLIC COMPOUNDS ARE GOMMON ORGANIC SUBSTANCES DERIVED FROM

ey

: WASTES. EVEN IN EXTREMELY LOW CONCENTRATIONS THEY IMPART A DAD TASTE TO
J THE WATER. THE TASTE PRODLEM 1S ACCENTUATED WHEN PHENOL-BEARING WASTES
, ARE CHLORINATED, THE FRESENCE OF PHENOLS IN DISTRICT WATERS WOULD GCE
L] INDICATIVE OF THE INDISCRIMINATE DISPOSAL OF ORGANIC WASTES.
ALONG WITH SULFATE CCNTENT, THE DISTRICT WATERS GéNERALLY ARE
’ UNABLE TO MEET THE 1946 STANDARUS WITH REGARD TO TOTAL OISSOLVED SOLIDS.
FEW WATERS ARE LOWER THAN THE -ESIRASLE 500 pepMm AND A GREAT NUMBER ARE
f MoRE THAN 1000 pPpM. THE PERMISSISLE LIMIT oF 1000 PPM IS ARDITRARY AND
tMPRACTICAL. McKee (RerF. 21) sTaTEs

: "MANY COMMUNITIES IN THE UNITED STATES AND OTHER COUNTRIES USE WATER

L’ CONTAINING FrROM 2000 To 4000 erM 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

Y HARMFUL PHYSIOLOGICAL EFFECTS OF A PERMANENT NATURE HAVE SEEN GCALLED

' TO THE ATTENTION OF HEALTH AUTHORITIES."
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A VERY RECENT SUMMARY REPORT DY THE STATE BoarD oF HearTh (ReF. 9) MAY DE

"INTERPRETED TO MEAN THAT CERTAIN OF THE REGCOMMENDED LIMITS N THE 1946

STANDARDS WILL NOT DE ADHERED TO RIGIDLY IN VENTURA COUNTY.

AN IMPORTANT OMISSION FROM THE 1946 STANDARDS 1S A LIMIT FOR
N{TRATE CONCENTRAT!{GN. EXCESSIVE NITRATE CONTENT 1S KNOWN TO GCAUSE INFANT
cyanos!s (METHEMOGLODINEMIA), AND GASTRO-INTESTINAL DISCCMFORT AMONG ADULTS.
A LIMIT SuGGESTED HAS BEEN 10 PppM NIiTRoOGEN (44 PPM NITRATE). A SIGNIFICANT
NUMBER OF WELLS SCATTERED THROUGHOUT THE DISTRICT SHOW NITRATE CONCENTRATIONS
IN EXCESS OF THIS. WHILE THE SUGGESTED LIMIT MAY BE SOMEWHAT LOWER THAN
CAN DE SUPPORTED STRONGLY, THE HIGHER NITRATE WATERS SHOULD SE AVOIDED
WHERE SMALL INFANTS ARE [NVOLVED.

[N ADDITION TO THE LIMITS FOR THE ADOVE DISSOLVED SUDSTANCES,
THE 1946 STANDARDS INCLUDE STATEMENTS WITH REGARD TO BACTERIAL QUALITY,
TURBIDITY, COLOR, TASTE, AND ODOR. OTHER RECOMMENDATIONS ARE THAT THE
PH vaLUE sHouLd BE LIMITED To 10.6 AT 25°C, NORMAL CARDONATE ALKALINITY TO
120 PPM, AND THE EXCESS OF ALKALINITY OVER HARDNESS TO 35 PPM, CALCULATED
AS CALCIUM CARDBCNATE.
AGRICULTURAL USE

UNLIKE THE RELATIVELY SETTLED CRITERIA OF WATER QUALITY FOR
DOMESTIC USE, THERE HAVE BEEN NUMERGUS CLASSIFICATIONS OF WATER-FOR
AGRICULTURAL USE., BECAUSE OF VARJABILITY OF SOIL TYPE, CROPS GROWN, AND
CLIMATE, IT IS DIFFICULT TO DEVISE A SINGLE GCLASSIFIGCAT!ION SCHEME, .Howevsa,
IN ANY SUCH SCHEME, THREE CLASSES OF DELETER{OUS EFFECTS MUST DE CONSIDERED:

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

ftems (a) ano (B) RESULT IN DAMAGE TO THE PLANT ITseELF. |ITemM (¢) ProDUCES
UNDES|RABLE PROPERTIES IN THE SOiL.,

SALINITY IS COMMONLY MEASURED OY SPECIFIC ELECTRICAL CONDUCTANCE,
EITHER K X 105 or EC x 106, A MEASURE OF THE TOTAL DISSOLVED SALTS.
However, as Doneen (ReF. 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 SCIL SOLUTION [NCREASES,

TERTATN SALTS ARE DEPOSTTED WITHIN THE SCiL, AND NO LONGER STRONGLY INFLUENCE

OSMOTIC BDALANCES. DONEEN THEREFORE HAS PROPOSED USING ''EFFECTIVE SALINITY
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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 CALCIUM SULFATE ARE ASSUMED TO DBE DEPOSITED FROM SOLUTION.,
THE REMAINING EPM (OF GATIONS oR ANIONS) WHICH GAN NOT BE DOUND UP IN THESE
THREE SALTS, ARE CONSIDERED TO CONSTITUTE "EFFECTIVE saLiNiTY". DonEen's
CLASSIFICATION OF [RRIGATION WATERS ACCORDING TO EFFECTIVE SALINITY IS GIlVEN
iN TaoLe [l1-2. As INDICATED BY THE SOIL SURVEYS oF 1901 ano 1917, THE
DISTRICT IS GENERALLY FAVCRED 3Y GOOD, OPEN SO1LS. MOST WATERS SHOULD THEN
BE CLASSIFIED {N TERMS OF THE OPEN SOILS SHOWN IN Taste |ll=2. THE FIGURES
PRESENTED IN THIS TADLE WERE CONFIRMED DY DONEEN IN FIELD STUDIES OF CITRUS
GROVES IN VENTURA CounTY, ALTHOUGH M{NOR DAMAGE SUCH AS TIP BURN IS SOME-
WHAT GOMMON [N VENTURA COUNTY, THE ACTUAL ONSET OF YIELD REDUCTICN MAY

NOT COMMENCE UNTIL THE WATER IS WeLL INTO CLass 111,

WITH REGARD TC ADVERSE OSMOTIC EFFECTS, THE SALINITY OF THE
IRRIGATION WATER IS LESS CRITICAL THAN THE SALINITY OF THE RESULTING SOIL
SOLUTIONS, IN Hts VenTura CounTY ciTrRUS sTupy (ReEF. 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 SOQIL 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 IS ESSENTIAL TO THE
NORMAL GROWTH OF ALL FLANTS, AND DBORON DEF|CIENCY MAY PRODUCE VERY
STRIKING SYMPTOMS. ON THE OTHER HAND, DORON=SENSITIVE PLANTS MAY SHOW
ECONOMIGALLY 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 BORON INJURY, ANY CLASSIFICATION
MUST REFLECT THESE VARIADLES. A LISTING OF PLANTS ACCORDING TO BORON
SENSITIVITY IS GIVEN IN TapLe | Il=~%3, PERMISSIBLE LIMITS FOR BORON CON=-
CENTRATIONS ARE GIVEN (N TaBLE |l 1=4,

CHLORIDE CONTENT IS APPARENTLY MORE CRITICAL FOR IRRIGATION USE
THAN FOR DOMESTIC USE. SENSITIVLTY TO INJURY DEPENDS UPON THE GROP TYPE,
ANb SUGGESTED LIMITS ARE GIVEN tN TapLe |il1-1., FruiT GROWERS LABORATORY,

SanTa Paura, sueceEsTs 200 PPM CHLORIDE AS THE UPPER TOLERANCE LIMIT FOR
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CITRUS AND WALNUTS, OUT PREFERS LESS THAN 100 PPM FOR AVOCADOS.

SODIUM PERCENTAGE IS A MEASURE OF THE EFFECT OF AN [RRIGATION
WATER ON THE TILTH AND PERMEASILITY CRARACTERISTICS OF A SOiL. WiTH
HIGH SODIUM PERCENTAGE, SOIL CLAYS UNDERGO A CATION EXCHANGE REACTION AND
DECOME DEFLOCCULATED. SODIUM PERCENTAGE IS DASED ON THE RATIO OF SODIUM
(1N EPM GR ME/L) TG THE TOTAL CATICNS. THEREFORE IT (S THE PROFORTION OF
SODIUM RATHER THAN THE ADSOLUTE CONCENTRATION WHIGCH IS MORE CRITICAL.
As POINTED ouT IN U. S. DEPARTMENT OF AGRICULTURE Hanosook 60 (Rer. 66),
THE SODIUM PERCENTAGE (SOLUGLE SODIUM PERCENTAGE - SSP) DOES NOT AGCURATELY
REFLECT THE BASE EXCHANGE REACTIONS, AS THE IRRIGATION WATE® BECOMES MORE
CONCENTRATED [N THE SOIL SCLUTION, AND ASSUMING THAT THERE IS NO SALT
PRECIPITATICN OR ADSORPTION GF SALT BY ROOTS, THEARE |S NO CHANGE IN RELATVE
COMPOSITIuN. HOWEVER, THE TENDENCY OF THE SO(L TC ADSORD SOD![UM SHOWS A
DEFINITE INCREASE, AND THE TENDENCY FOR WATER TO PRODUCE AN ALKALI SoOIL

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

SAR = N A

WHERE THE CATQCN CONCENTRATJONS ARE EXPRESSED IN MILLI=EQUIVALENTS PER

LITER OR EQUIVALENTS PER MILLIONs HanNDGOOK 60 INCLUDES A CIAGRAM FOR THE

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

oF TapLe !1i~1, ON THE DBASIS OF SALINITY EXPRESSEC AS CONDUCTANCE.

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

70 Crass |. ON THE DASIS OF DORON CONTENT, MOST OF THE WATERS ARE IN CLASS

L1 (Taste 111=1). WITH REGARD TO CHLORIDES,; ALMUST ALL THE WATERS ARE 1IN

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

CHARACTERISTIC OF THE OISTRICT'S WATER SUPPLIES IS THE LOW SGDI/UM

PERCENTAGE. ON THIS BASIS, VERY FEW WATERS WOULD DE LOWER THAN CLass |.

OF ALL THE CRITERIA, DORON CONTENT IS THE FACTOR WHICH HAS TO BE WATCHED

THE CLOSEST,.

-INBUSTRIAL USE

THE QuALITY REQUIREMENTS OF WATER FOR INDUSTRIAL USE ARE HIGHLY
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VARIABLE AMONG THE VARIOUS INDUSTRIES AND FOR D|FFERENT USES WITHIN AN
INDUSTRY. IN MANY INDUSTRIES, PART OF THE WATER USED IS ALWAYS TREATED,
THE CHARACTERISTICS oF THE DisTRICT'S WATER SUFPLIES WHICH MIGHT POSSIBLY
CREATE LIMITATIONS ON INDUSTRIAL USE WCULD GE HARDNESS, TOTAL DISSOLVED
SOLIDS, AND PERHAPS I|RON AND MANGANESE. FoR MOST INDUSTRIAL PURPOSES, THE

WATERS ARE USADLE, OR COULD BE TREATED TO PRODUCE A WATER WHICH IS USADLE.
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 CA&LC|UM
SULFATE CHARACTERISTIC. ALONG THE SanTa CLARA RIVER, TOTAL DISSOLVED
SOLIDS AS Low AS 634 PPM AND DORON CONTENT AS LOW AS 0.21 PPM HAVE DEEN
RECORDED FOR A FLOOD FLOwW oF 1680 cuBic FEET PER SECOND (TaoLe 111=5)., AT
EXTREMELY LOW FLOWS, TOTAL DISSoLVED soLids (TDS) RrRise To 3500 peM OR
MORE, AND BORON TO MORE THAN 1.5 PPM. FOR ONLY A SMALL PERCENTAGE OF THE
TIME 1S OORON OVER 1.0 PPM. AS FLOW DECREASES ANO4CONCENTéATION RISES, SODIUM
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 aASs 0,10 ppM
(TacLe 111=5). Low FLOWS HAVE TDS OF AT LeasT 2500 PPM, WITH BGRON
OCCASIGNALLY MORE THAN 2.0 PPM. ALTHOUGH DATA ARE SPARSE, FLUORIGE GONTENT
DURING LOW FLOWS MAY RISE ABOVE 1.0 PPM. As NOTED FGR THE SanTa CLara
RIVER, LOW FLOWS OF PiRUu CREEK MAY SHOW A HIGHER PPM OF SODIUM THAN OF
CALCIUMe FPIRU CREEK IS A MORE IMPORTANT SOURCE OF DORGN THAN THE SANTA
CLARA RIVER, AND HAS DORON CONCENTRATIONS EXCEEDING 1.0 PPM FOR A MUCH LONGER
PERCENTAGE OF THE TIME.

THE MINOR TRIBUTARIES 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 FROUOM THESE AREAS PROBADLY
INCORPORATES SALTS PREVIOUSLY DEPOSITED OY EVAPORATION OR CONGENTRATED
0Y EVAPOTRANSPIRATIGON. VERY LOW FLOWS SHOW INCREASING SODIUM AND ON SOME
TRIBDUTARIES THIS TREND MAY REFLECT CONTRIDUTIONS FROM OIL=-FIELD WASTES.

THE FLOOD FLOWS ARE OF EXCELLENT QUALITY AND GCHEMICALLY
SUITABLE FOR ESSENTIALLY ALL USES. THE LOW FLOWS ARE GENERALLY Crass 11
IRRIGATION WATERS BECAUSE OF HIGH EFFECTIVE SALINITY AND BORON. CHLORIDE

CONTENT AND SODIUM PERCENTAGE ARE PROPORTIONALLY OETTER. FLUORIDES N
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OF DORON GONTENT, ALTHCUGH NO LONG-TERM TREND CAN SE DETECTED.

PIrRu CREEK LOW FLOWS MAY BE QUESTIONADLE.
GROUND WATERS

THE GROUND WATERS OF THE PIRU BASIN RANGE IN TDS From ABOUT
800 PPM TO aADOUT 3000 or so PPM. NO GROUND WATERS IN THE PlRU Basin
WOULD QUALIFY FULLY 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 DORON CONCENTRATION. Max1MuM BoRON CONCENTRAT!ON

RECORDED IS 1.5 PPM,. ALL WELL WATERS W!TH EFFECTIVE SALINITIES OF MORE THAN

15 ARE CONSIDERED TO HAVE DEEN DETERIORATED. THE CHEMICAL CHARACTERISTICS
OF THESE DETERIORATED WATERS ARE GIVEN IN TaBLE [!1=5, OF THE SEVEN WELL
WATERS WHICH HAVE EFFECTIVE SALINITIES GREATER THAN 15, ALL BUT ONE HAVE
HIGH NITRATE GONTENTS. WerL L4N/18W-27G1 sHows MODERATELY HigH SULFATE
AND CHLORIDE, OUT 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 Goo0. By way oF coNTRAST,
WELL 27B1 IS FARTHER FROM THE RIVER AND LESS EAS|LY RECHARGED FROM THE
RIVER. THE WATER IN WELL 2787 1S MUCH POORER THAN THE WATER IN WELL 27G1,
WITH HIGHER EFFECTIVE SALINITY, VERY HIGH SULFATE, AND UNUSUALLY HIGH
CHLCORIDE. THE Moér STRIKING INCREASE, HOWEVER, IS IN THE NITRATE, WHICH
I'S DELIEVED TO DE DERIVED FROM IRRIGATIUN RETURN. THE DETERIORATION OF ALL
SUT THE 27GT WELL WATER IS DBELIEVED DUE TO THE ENTRY OF INRIGAT!ION RETURN
WATER. THE HIGH NITRATE CAN NOT BE DERIVED FROM SMALL TRISUTARY RUNOFF,
WHICH IS TYPICALLY LOW IN NITRATE. OSIMILARLY, THE DEGRADING WATERS CAN
NOT DE 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 PROBLEM, IF A PRODLEM AT ALL. SiMILARLY, THE
SODIUM PERCENTAGE ISVUSUALLY EXCELLENT FOR IRRIGATION USE. IN ADDITION
TO HIGH EFFECTIVE SALINITY, HIGH DORON IS A PROBLEM, AND SOME BORON DAMAGE
TG CITRUS HAS DEEN REPORTE.'s AVERAGE OGRON CONTENT IS A LITTLE LESS THAN

1.0 pPpPM., WATERS PUMPED FROM A SINGLE WELL WILL SHOW A MARKED FLUCTUATION

IT 1s

INTERESTING TO NOTE THAT IN THE HIGH NITRATE WELL WATERS, SHOWING
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DETERIORATION BY IRRIGAT!ION RETURN, THE DORON CONTENT S NOT SO H!GH AS
MIGHT BE EXPECTED FROM THE INCREASE IN TOTAL DJSSOLVED SOQOLIDS. THIS
PERHAPS SUGGESTS THAT SOME DBORON |S DEING DETAINED TEMPORARILY IN THE SOlL,.
IN usiING THE PIRU BASIN WELL WATERS FOR DOMESTIC USE, THE MOST
TROUDBLESOME CONSTITUENT |8 FLUORIDE. AVERAGE ANNUAL TEMPERATURE 1S

PRODADBLY A LITTLE OVER 60°F, SO0 THE MANDATORY LIMIT WOULD PROBABLY DBE SET

cLose 10 1.0 PPM. AT LEAST 26 WELLS HAVE SO FAR SHOWN FLUORIDE CONCENTRATIONS

IN EXCESS OF 1.0 PPM. THERE IS A MARKED TENDENCY FOR THE FLUORIDE chTENT-
TO DECREASE WITH TIME IN CERTAIN WELLS. THI!S IS ESPECIALLY TRUE OF NEW
WELLS PERFORATED ONLY IN THE San Pepro ForMmaTIion (TanrLe 111-5). IT 18
SUGGESTED THAT THE NATIVE WATERS IN SCME OF THE PERMEABLE LAYERS OF THE
San PEDRO FORMATION HAD FLUORIDES IN EXCESS oF 2.0 PerM, THESE WERE
LENTICULAR AQUIFERS WITH RESTRICTED CIRCULATION. AS THESE LENSES WERE
PUMPED, THE CONTAINED WATERS CONTRIBUTED A DECREASING 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 GONTENT OF THE WATERS IN THE SaN PEDRO
FORMATION 1S USUALLY ASSOCIATED WITH UNUSUALLY Low TDS.

FILLMORE BASIN

SURFACE WATERS
SanTta CLarRa RIVER FLOOD FLOWS ENTERING THE FILLMORE BaSIN ARE OF

EXCELLENT QUAL!TY FOR ALL PURPOSES, [HESE ARE PREDOMINANTLY CALCIUM
SULFATE WATERS, WITH IMFPORTANT MAGNESIUM AND BICARBONATE, DUT VERY MINOR
soDIUM AND cHLoORIDE (TaoLe |1i-6)., VERY LOwW MlNERALlZAT}ON 1S SHOWN BY
Sespe CREEK FLOOD FLOWS WITH TDS 0CCASIONALLY LESS THAN 200 ppM (TaBLE
lll-6). SesrPe CREEK FLOCD FLOWS ARE QUITE DIFFERENT FROM THE SanTa CLARA
RIVER FLOOD FLOWS, WITH BICARDONATE SOMETIMES MORE IMPORTANT THAN SULFATE,
AND MAGNES|UM LOWER THAN S0DIUM. CHLORIDES ARE VERY LOWe. FLOOD FLOWS
LEAVING THE FILLMORE BASIN AWXE A MIXTURE OF THE CONTRIBUTING SeEsreE CREEK
AND SanTa CLaRA RIVER FLOOD FLOWS WITH A CHEMIGAL QUALITY REFLECTING THE
PROPORTIONATE MIXTURES,

7 Low FLOow SEsPE CREEK WATERS, WHILE RELATIVELY Low N TDS, sHow

VERY HIGH DBORON CONTENT AND MARGINAL FLUORI!IDE CONCENTRATIONS. SonD1IuUM AND
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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 aRrE
RISING WATERS. THE SPARSE CHEMICAL DATA FOR THE ENTERING RISING WATERS
SUGGEST SUBSTANTIAL CONTRIBUTIONS FROM IRRIGATION RETURN WATERS (Tacre [I1-6).
A LARGE SERIES OF ANALYSES IS AVAILAGLE FOR THE RISING WATERS WHIGH LEAVE
THE FILLMORE BasiN. THESE ARE ALMOST INVARIAGLY Ctass || IRRIGATI|ON

WATERS,; WITH BORON CONCENTRATION O.5 To 1.0 PPM. NITRATE CONTENT IS MUCH
LOWER THAN IN THE ENTERING RISING WATERS, SUGGESTING PERHAPS THAT [RRIGATION
RETURN WATERS ARE BEING MORE EFFIGCIENTLY FLUSHED FROM THE FiRU BASIN.
FLUORIDE CONTENT IN THE EXITING RISING WATERS IS OCCASIONALLY MORE THAN

1.0 ppM.

THE SMALLER TRIBUTARIES OF FILLMORE BASIN SHOW A DEFINITE INVERSE
RELATIONSHIP OF TDS To MAGNITUDE OF FLOW. OCHEMICAL CHARAGTERS ARE DIFFERENT
IN THE VAélous TRIBUTARIES. HigH FLows OF O'LEARY AND SNOW CrREEKS ARE
SODIUM SULFATE WATERS. Loéo (BouLDER) CREEK DURING AND FOLLOWING GOGD
RUNOFF CONTAINS CALCIUM DICARBONATE~SULFATE WATERS] DURING VERY LOW FLOWS,
THE WATER 1S DOMINANT SODIUM BICARBONATE, ALTHOUGH CHLORIDES ARE RELATIVELY
H1GH. PoLe CREEK WATERS HAVE A PERSISTENT CALGIUM SULFATE CHARACTER, AND
SHOW VERY LOW GHLORIDE, NITRATE, FLUORIDE, AND DORON CONTENT.

GROUND WATERS

THE GROUND WATERS IN THE FILLMORE BASIN WILL DE DISCUSSED FOR
FourR arEAS: (1) mMain sTREAM aLLuvium; (2) PoLe Creex Fan; (3) souTH sipe;
anp (L) Sespe UPLaND. THE GROUND WATERS WHICH MOVE MOST RAPIDLY THROUGH
THE FILLMORE BASIN ARE THOSE WHICH FOLLOW SUBSURFACE GOURSES BENEATH THE
PRESENT CHANNELS OF Sesre CREEK AND THE SANTA CLARA RIVER. THESE WATERS
REPRESENT STREAM PERCOLATE ALONG THESE REACHES, AND ALLUVIAL UNDERFLOW
FROM PIRU BASIN AS MODIFIED DY SUBSURFACE UNDERFLOW FROM THE AREAS
FLANKING THESE STRIPS OF YOUNGEST ALLUVIAL DEPOSITS. ALLUVIAL UNDERFLOW
ENTERING FROM THE PIRU BASIN IS REPRESENTED BY THE WATER PUMPED FROM
WELL 4N/19W-33E1. THIS WATER SHOWS FAIlRLY CONSTANT QUALITY FROM 1952 To
1957 AND TYPICAL ANALYSES ARE GIVEN IN TanLe |[[-=6.

UNDERFLOW LEAVING THE FILLMORE BASIN IS GEST REPRESENTED 0Y THE
WATER PUMPED FROM welLlL 3N/21W~12E1 (Tacte 11i-6). ALTHOUGH THE PERFORATIONS

IN THIS WELL ARE FROM 65 10 104 FEET, AND BELOW THE YGUNGEST ALLUVIUM,
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HYDROLOG'C CONT!HU Ty WITH THE IMMEDIATELY OVERLYING ALLUVIUM 1S BEL!EVED
U BE UNRESTRICTED. THE ANALYSES FOR THIS WELL WATER SHOW (1) CONSIDERABLE
vARTASELITY; (2) A DEFINITE INCREASE IN TDS sincE 1923; (3) Low NITRATES,
SUGGESTING LITTLE CONTRIBUTION FROM IRRIGATICN RETURN WATERS; (4) HiaH
TDS :» 4945 A7 THE END OF A SERIES OF WET YEARS,; SUGGESTING SOME WET PERIOD
FLUSHING OF SALTS. ‘

THE PoLeE CREEK FAN AREA IS THE TRIANGULAR PATCH DETWEEN SeEsPE
CREEK AND THE SANTA CLARA RIVER UPON WHICH IS LOCATED THE City oF FiLLMORE.
THERE 1S ONLY LIMITED FLUSHING OF THE SHALLOW AQUIFERS BENEATH 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 FILLMORE CGMES FROM
acove as (1) peErcoLATION OF PoLeE CREEK FLows; (2) RAINFALL PENETRATION;
(3) i1rri1GATION RETURN; (4) CESSPOOL AND SEPTIC TANK RETURN (ESPEGIALLY
BEFORE THE NEW MUNICIPAL SEWAGE TREATMENT PLANT WAS FLACED 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 PERFORATING WAS A MORE COMMON
PRACTICE, SHOwW HIGH TDS. HIGHLY MINERALIZED NATIVE WATER IN THE SAN
FPEDRQ FORMATION IS INDICATED OY 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 IMPROVEMENT OF TH'S WATER WITH GCONTINUED
PumMPInG (TagLe 111-6). THE HIGH NITRATE AND FLUGRIDE CONCENTRATIONS ARE
TYPICAL OF SOME OF THE SaN FPEDRO AQUIFERS. THE HIGH NITRATE GONTENT WOULD
ELIMINATE THE SUGGESTION THAT THESE WATERS HAVE BEEN DEGRADED OY THE LOW
FLowS 0F FoLeE CREEK. WEAK CHLORIDES MAY SUGGEST THAT CESSPOOL RETURN CAN
NOT DE RELATED TO THE HiaH TDS. THE anaLvsts ofF 8/25/52 ror 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 ODEEN DETERIORATED IN PLACES FROM SECTioN &,

TZN, R20W 7o SectionN 6, T3N, R19W. THE PRIMARY SOURCE OF DEGRADING WATERS

IS IRRIGATION RETURN, AS SHOWN CY SHARF INCREASES IN CALCIUM, SULFATE, -

AND NITRATE. IN CERTAIN WELLS, FLUORIDE AND DORON ALSO OJOECOME HIGHe. A

MINOR AMOUNT OF DETERIORATION ™MAY BE,ATTRIBUTED TO OIL=FIELD ODRINES, DBUT
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CONSIDERING THE EARLY WIDESPREAD AND INDISCRIMINATE DISPOSAL PRACTIGCES IN
THE BarDsoaLe Oiw FIELD, IT 1S SURPRISING THAT THE INDICATED DETERIORATION
IS NOT CONSiDERABLY MORE « SoME oOF THE DEGRADING WATERS MAY DBE DERIVED
FROM THE MOUNTAIN TO THE SOUTH BUT THIS SOURCE IS BELIEVED TO DE MINOR FOR
THE FOLLOWING REASONS: (1) THERE 1S NO SYSTEMATIC DECREASE IN DEGRADATION
AWAY FROM THE FRONT OF THE MOUNTAIN; (2) THE INDICATED VOLUME OF DEGRADING
WATERS [S FAR LARGER THAN WOULD DBE EXPECTED FROM THE T!GHT OLDER ROCKS )

(3) THE KNOWN CHEMICAL NATURE OF THE DEGRADING WATERS IS UNLIKE THAT

EXPECTADBLE FROM LEAKAGE QUT OF THE OLDER ROCKS, A TYPICAL SCUTH SIDE DEGRADED

WATER 1S GIVEN In TaoLe |11-6, -

WELLS IN THE SEsPE UPLAND AREA PUMP MAINLY FROM THE San PEDRO
FORMATION. THERE 1S LITTLE MOVEMENT OF WATER FROM THE MAIN ALLUVIAL
STRIPS To THE SaN PEDRGC AQUIFERS DENEATH THE SESPE UPLAND EXCEPT POSSIBLY
FROM SESPE CREEK IN THE REACH NORTHWEST oF FlLLMORE. IN WET YEARS, HOWEVER,
THERE S PRODCADLY MOVEMENT FROM BENEATH THE SespPeE UPLAND INTO THE MAIN

ALLUV UM, THE RECHARGE TO THE AQUIFERS BENEATH THE SESPE UPLAND IS THUS

'MAINLY FROM THE SIDE TRIBUTARIES == TiMBER, O'LEARY, LORD (BouLDER), AND

Snow CREEKsS. EXPECTABLY, THE CHEMICAL CHARACTER OF THE WATERS DENEATH

THE SESPE UPLAND IS QUITE DIFFERENT FROM THOSE IN THE REST OF THE FILLMORE
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 SecTions 23 anp 26, T4N,
R20W. THESE WATERS ARE OF A CALC!UM DICARDONATE CHARACTER, WITH UNUSUALLY
H1GH NITRATE, AND FLUORIDE COMMONLY OVER 1.0 PPM. THOUGH EXGCELLENT FOR
IRRIGATION USE, THESE NATIVE SAN PEDRO WATERS MAY DE MARG!NAL FOR DOMESTIC
USE DBECAUSE OF THE FLUORIDE AND NITRATE CONTENT. WATERS CF MUCH THE SAME
TYPE, DUT USUALLY MORE MINERALIZED, EXTEND WESTERLY BENEATH THE ENTIRE
Sespe UpPLAND. DETERIORATION OF GROUND WATERS IN THE SEsSreE UPLAND APPEARS
TO DE DUE TO IRRIGATION RETURN. Weii 4N/20W-33G1 is PERFORATED ABOVE THE
SaN PEDRO FORMATION AND SHOWS VERY HIGH SULFATE WATERS ENTERING THE WELL
(TaoLe 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 ALSO. NOT ALL OF THE NUMEROUS SaN PEDRO AQUIFERS BENEATH THE
éESEEVUéLANDVCONfAIN WAféhSMWITH HIGH‘NiTRATE AND HIGH FLUORIDE. SoME

WATERS SHOW LOW NITRATE; THE SAME COR DIFFERENT WATERS SHOW LOW FLUORIDES.
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NEAR THE WESTERN DBASIN BOUNDARY AND NORTH OF THE RIVER, THE
SHALLOW WATERS, ESPECIALLY IN THE NW % oF SecTion 12, T3N, R21W HAVE ODEEN
DEGRADEDO. THESE WATERS SHOW HIGH SULFATE, HIGH NITRATE AND HIGH CHLORIDE
(TaoLe 111-6). BOTH FLUORIDE AND DORGN ARE LOW. 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 IRRIGATION RETURN.,
SANTA PAULA BASIN
SURFACE WATERS

SaNTA CLARA RIVER FLOOD FLOWS ENTERING THE SANTA PAULA BASIN
USUALLY SHOW AN INVERSE RELATIONSHIP OF SALINITY TO RATE OF FLOW, DBUT
AT TIMES, HIGH FLOOD FLOWS SHOW HIGHLY MINERALIZED WATERS (TaoLe 111-7),
SanTa PauLa CREEK SIMILARLY SHOWS INGCREASING MINERALIZATION AS FLOW
DECREASES, DUT EVEN THE LOW FLOW WATERS ARE COMPARATIVELY GOGD, WITH LOW
TDS, FLUORIDE AND sORON (TasrLe I11-7). Onvry AT THE END OF PROLONGED
DROUGHTS IS THE QUALITY POOR; THIS MAY BE EXPLAINED IN PART BY IRRIGATION
RETURN UPSTREAM FROM THE SAMPLING POINT. MUCH POORER WATERS ARE ASSOCI|ATED
WiTH THE LOWER FLOWS DERIVED FROM THE CANYONS CON THE NORTH SIDE OF THE
Santa PauLa Basin. ALL OF THESE NORTH TRIBUTARY WATERS HAVE A DOMINANT
SODIUM SULFATE CHARAGTER. OCHLORIDE AND NITRATE MAY DE PROPORTIONALLY
H1GH, AND DORON DURING LOW FLOWS MAY RISE TO MORE THAN 2.0 pepM.
GROUND WATERS - ‘

GROUND WATERS IN THE SANTA PauLA BasiN, WHERE NOT DEGRADED, ARE
OF AGCEPTADLE DBUT USUALLY NOT OF GOOD QUALITY. FOR IRRIGATION USE, BORON
IS MUCH LESS A PRODBLEM THAN IN THE PIRU anD FitemMore Basins. For DoMESTIC
USE, HIGH TDS, SULFATE, AND HARDNESS REDUCE THE DESIRADILITY OF THE WATER
BUT FLUORIDE IS ONLY A MINOR PROBLEM.

EXCEPT FOR A LIMITED NUMDER OF SHALLOW WELLS [MMEDIATELY ADJAGENT
70 THE SANTA CLARA RIVER, MGST GROUNOD WATERS ARE FUMPED FROM THE DASAL
UPPER PLEISTOCENE GRAVELS AND THE MANY SAN PEDRO AQUIFERS WHICH ARE
COVERED BY THE ALLUV!IAL FANS DERIVED FROM THE NORTH. THE LARGEST OF THESE
FANS WAS DEPOSITED BY SaNTA PauLa CREEK; UPON THIS THE CITY OF SaANTA

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

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

AVAILABLE FCR WELLS IN THE NW % oF Section 11, T3N, R21W. THE ToTAL
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DISSOLVED SOL!DS ARE DISTINCTLY HIGHER DURING DROUGHT PERIODS THAN DURING
weT PErRI0DS (Taore 111-7). AS DROUGHT PROGRESSES THERE 1S USUALLY A
PROPORTIONATE INCREASE IN SULFATE WITH RESPECT TO DICARDONATE. WHERE
PERFORATIONS ARE DEEPER, THE WATERS PUMPED ARE CONSIDERED TO REPRESENT
ESSENTIALLY NAT!VE CHEMICAL CHARACTERISTICS IN THE WATERS OF THE SanN PEDRO
FORMATION. THESE NATIVE WATERS SHOW A CLOSE SIMILARITY OVER MUCH OF THE
SANTA PauLA BASIN, WITH DOMINANT GALCIUM,AND WITH BDICARDONATE AND SULFATE
NEARLY EQUAL, AS WELL AS LOW NITRATE, FLUORIDE, AND BORrRON (TasLe Il1=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 INDIGCATE THE NATURE OF THE CHANGES WITH DEPTH. THE SHALLOW WATERS
ARE TYPICALLY HIGH IN SULFATE AND BORON, AND PROPORTIONALLY HIGH IN SODI!UM.
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 i8S GENERALLY RELATED TO THE ENTRY
OF THE POOR QUALITY SHALLOW WATERS. IHE SOURCES OF THE DEGRADING WATERS
are: (1) 1RRIGAaTION RETURN; (2) MuNiciPaL sewaGE; (3) CITRUS PACKING
PLANT wasTes; (4) oiL-FiELD BRINES; (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 ReEclonNaL WATER PortuTion CONTROL
BoARD: CHLORIDE -~ 175 PPM; AND BORON - 1.5 PPM. WeLL 3N/21W-16H1 May
REFPRESENT 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 Basins.

[T HAS DEEN SUGGESTED THAT THE WATER IN WELL 3N/21W-28M1 HAS DEEN DEGRADED
O0Y WATERS LEAKING FROM SOUTH MOUNTAIN. AN ALTERNATIVE EXPLANATION 1S THAT
THE SALTS ARE DERIVED FROM IRRIGATION RETURN, WITH PERHAPS SOME CONTRIBUTION
BY WATERS OF SEWAGE EFFLUENT ORIGIN. THE CHEMICAL QUALITY IS CONSISTENT
WITH THE ALTERNATIVE EXPLANATION. NO WELLS SUGGEST DEGRADATION DY OlL=

FIELD WASTES, 3Y EITHER THE SODIUM CHLORIDE WATER OF THE SOUTH MouUNTAIN

Pi=-14
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FIELD, OR THE SODIUM DBICARSONATE WATERS PRODUCED WITH THE OlL IN THE ADAMS
AND WHEELER CANYON DRAINAGES. POOR QUALITY WATERS BENEATH THE ALLUVIAL
FANS OF AL1sS0 AND WHEELER CANYONS ARE SODIUM SULFATE WATERS LIKE THOSE
WHICH APPEAR TO BE NATIVE IN THESE CANYONS. THE DEGRADING WATERS MAY BE
LOW FLOWS FROM THESE CANYONS, OR BETTER QUALITY HIGH FLOW WATERS OF THE
SAME CHEMICAL CHARACTER WHICH HAVE DEEN CONCENTRATED BY |RRIGATION
EVAPOTRANSPIRATION.

MOUND BASIN

GROUND WATERS

WATERS PUMPED FROM THE MoUND BASIN COME FROM THE 3ASAL UPPER
PLEISTOCENE GRAVELS OR FROM AQUIFERS IN THE UNDERLYING San PEDRO
FORMATION. AS SUGGESTED BY THE CHEMICAL ANALYSES IN TaprLe ![11-8, anpo ‘as
CONFIRMED DY THE GEOLOGIC RELATIONSHIPS, THESE WATERS MAY BE 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
IRONs 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!TY., DEGRADED WATERS WITHIN THE DISTRICT ARE

SHOWN BY THE ANALYSES iIn TaoLe !11-=8. INCREASED MINERALIZATION 1S USUALLY
ACCOMPANIED BY A SHARP INCREASE IN NITRATE., AS MOCST OF THE KNOWN NATIVE
WATERS ARE FAIRLY LOW [N NITRATE, THE DEGRADING WATERS MIGHT BE

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

THe MounND BASIN IS AN AREA WHERE THE SaAN PEDRO AQUIFERS ARE
LENTICULAR AND MAY NOT DE SO THOROUGHLY FLUSHED AS DENEATH THE OxmnarD Prarwn.
SOME OF THE KNOWN POORER QUALITY WATERS MAY OBE DERIVED FROM THESE LENSES.
STATUS OF SEA~WATER INTRUSICN

No weLts IN THE MOUND BASIN HAVE YET SHOWN THE HIGH CHLORIDES
OF INTRUDING OCEAN WATER, DUT SUCH INTRUSICN MAY DE PHYSICALLY POSSIDLE

SUDMARINE OUTCROPS WOULD O8E MANY MILES FROM SHORE AND THE SEA-WATER FRONT
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WITHIN THE BAsalL UPPER FLEISTOCENE AQUIFERS WOULD NOT REACH THE COASTLINE
FOR MANY DECADES., THE BASAL LAYERS OF THE SAN PEDRO FORMATION CROP OUT
ALONG THE OCEAN BOTTOM 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 FEET. 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 MOVING
SEA-WATER FRONT IN THE SanNn PEDRO AQUIFERS. INSTEAD, THE CHLORIDE INGREASE
MAY DE RELATED TO THE SHALLOW CHLORIDE WATERS LEAKING wWiTHIN THE WELL OR
COMING THROUGH SUB~ALLUVIAL OUTCROPS OF SAN PEDRO AQUIFERS. No WELLS IN
THE DISTRICT PUMP FROM AQUIFERS WHICH GOULD Og AFFECTED BY SEA~WATER

INTRUSION INTO THE SUDMARINE OUTCROPS WEST OF THE VENTURA RiVER.
MONTALVO BASIN

SURFACE WATERS

THE LOW VOLUME SURFACE FLOWS ENTERING THE MoNTALVO BASIN CONSIST
MAINLY OF RISING WATER OUTFLOW FROM THE SANTA PAULA BASIN. THE QUALITY
OF THESE LOW FLOW WATERS 15 FAIR TO VERY POOR, WITH TDS RANGING UP TO MORE
THAN 5000 PPM, ALTHOUGH USUALLY REMAINING BELOW 1500 pem (TaoLEe ill—S).
THE VERY HIGH TDS WATERS MAY INCLUDE EFFLUENT FROM THE SaTicoY SANITARY
DisTrRicT. THERE 1S A TREMENDOUS [MPROVEMENT IN QUALITY DURING FLOOD FLOWS,
WHEN TOS may proP To BeLow 500 pepm (TaoLe I 11=8)e IN ADDITION TO LoOW
TDS, THE FLOOD FLOWS ARE CHARACTERIZED OY DOMINANT CALCIUM, WITH A SODIUM
PERCENTAGE OF ABOUT 25. AS THE VOLUME DEGCOMES LESS THE SODIUM PERCENTAGE
RISES, QUT USUALLY REMAINS CELOW 50. MAGNESIUM IS ALWAYS LESS THAN
SODIUM OR CALGIUM. FLOOD FLOW ANIONS SHOW SULFATE PERHAPS TWICE AS HIGH
AS DBICARDONATE,; AND CHLORIDE QUITE LOWs AS FLOW DECREASES AND MINERAL=
}ZATION INCREASES, DOTH SULFATE AND CHLORIDE RISE SHARPLY WHEREAS THE
INCREASES IN DICARDONATE ARE MORE MODERATE. BORON 1S RARELY AS HIGH AS
1.0 peM,
GROUND WATERS

WATERS IN THE ALLUVIAL AQUIFERS OF MONTALVO BASIN sHOW MARKED
VARIATIONS OF CHEMIGAL QUALITY WITH TIME. THERE S 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 A LONGER, MORE PRONOUNCED CYCLE

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

I11=-16



OF THE SPRING 1958 RUNOFF AND THE SPREADING OPERATIONS THAT YEAR. Y
1958, THE RUNOFF WAS OY FAR THE LARGEST SINCE 1952. ANALYSES OF GROUND
WATERS OVER THE ENTIRE BASIN I[N THE FarrL ofF 1957 suoweo Ao TDS RANGE FROM
1270 To over 1600 ePM. IN THE SPRING AND SUMMER OF 1958 THERE WERE SHARP
oroPs oF 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 REDUCED THE TDS IN THE WELLS AT THE EL RI10 SPREADING GROUNDS
BY SEVERAL HUNDRED PPM. SPREADING CONT!NUED THROUGH AUGUST WITH FURTHER
IMPROVEMENT IN THE AVERAGE QUALITY. THREE MONTHS LATER, STARTING IN
DECEMDER, THERE WAS ANOTHER RELEASE AT SANTA FELIC1A DAM FOR SPREADING.
On DecemMBerR 9, 1958, BEFORE SPREADING WAS RESUMED, THE EL R10 WELLS WERE
SAMPLED. THE WELLS ON THE DOWNGRADIENT (SOUTHWEST) SIDE OF THE SPREADING
GROUNDS sSHOWED TDS ofF teEss THAN 1000 PeM, WHEREAS THE UPGRADIENT (NORTHEAST)
WELLS SHOWED VALUES HIGHER THAN 1000 PPM. DURING THE THREE=MONTH NON-
SPREADING Péaioo, THE FRONT OF MORE MINERALIZED WATER HAD MOVED INTO THE
UPGRADIENT WELLS DUT HAD NOT REACHED THE DOWNGRADIENT WELLS.

THE GROUND WATERS OF THE MONTALVO BASIN ARE CHEMICALLY MUCH THE
SAME AS THE SURFACE WATERS, DUT HAVE A MUCH SMALLER RANGE OF TDS pecause
OF CONTINUOUS BLENDING. WHEREAS FLOOD FLOWS MAY SHow TDS As tow as 345
PPM, THE GROUND WATERS RARELY GET BELOW 300 PpM. \SIMKLARLY, THE HIGHLY
MINERALJZED LOW SURFACE FLOWS DECOME GLENDED, BY THE TIME THESE GET
UNDERGROUND, TO A MIXTURE WITH A MUCH LOWER MINERAL GONTENT. LOW SURFAGE
FLOWS MAY HAVE A SODIUM CONCENTRATION HIGHER THAN CALCIUM, BUT THE GROUND
WATERS SHOW CALCIUM PERSISTENTLY HIGHER THAN SODIUMy 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 TYPICGALLY IN THE RANGE oF 0.7 710 0.9 rPPM.
SULFATE 1S INVARIADLY HIGH, OCCASIONALLY AS Low AS 300 PPM, BUT USUALLY
MORE THAN 400 ppm.

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

CY A LAG EFFECT, AS YET UNCETERMINED,.
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A LARGE SOURCE OF POOR QUALITY WATER IN THE MONTALVO BASIN 1S
THE OUTFLOW FROM SANTA Pauta Basin. NEAR THE END OF A PERIOD OF DRY YEARS
THE RISING WATER AND PRODADLY THE UNDERFLOW ARE APPRECIABLY MINERAL!ZED
(Taore 111-8). Fo0OR WATERS ARE ALSO CONTRIDUTED OY THE LOW FLOWS N MINOR
TRIBDUTARIES COMING FROM THE NORTHs. HiGH CALCIUM, SULFATE, AND NITRATE lN.
SOME OF THE DEGRADED WELL WATERS INDIGCATE THAT LOGCAL IRRIGATION RETURN MAY
BE IMPORTANT.

PART OF THE TOWN OF SATICOY IS SERVED B8Y THE SATICOY SANITARY
DistriCT, WHICH:OPERATES A SMALL COLLECTION SYSTEM WITH A20UT 100 GCONNECTIONS.
IN THE PAST, APPRECIAGLE VOLUMES OF INDUSTRIAL WASTES WERE DISCHARGED TO
THIS SYSTEM, ALTHOUGH IT IS UNDERSTOOD THAT THIS PRACTICE |S DBEING
DISCONTINUED. THE SEWAGE IS DELIVERED TO A SERIES OF SEPTIC TANKS WHICH
DISCHARGE TO PERCOLAT!ON PONDS AT THE EDGE OF THE SaNTA CLARA RIVER. THE
DOMESTIC WATER DELIVERED IS IN THE RANGE oF 1400 to 1700 PPM, AND THE
EFFLUENT 1S USUALLY MORE THan 2000 pPpPM™.

OXNARD PLAIN BASIN

GROUND WATERS

PRIOR TO THE WIDESPREAD EXPLOITATION OF GROUND WATERS OF THE
OXNARD PLAIN, PERCOLATION FROM THE SANTA CLARA RIVER IN MONTALVO BASIN
AND RAINFALL PENETRATION, ALONG WITH UNDERFLOW FROM SanTa Paura BasiIn FED
THE OXNARD AQUlFéR AND THE WATER MOVED SEAWARD DENEATH THE OXNARD PLAIN
AND PRODBADBLY ESCAPED TO THE OCEAN AS SUBMARINE SPRINGS IN HUENEME AND
MuGU SUDMARINE CANYONS. WATER-LEVEL SLOPES WERE GENTLE AND OCEANWARD
MOVEMENTS WERE SLOWs BECAUSE OF LIMITED TRANSMISSIBILITY IN THE OXNARD
AQUIFER AND THE LOW WATER-LEVEL SLOPES, MONTALvVO BASIN TENDED TO REMAIN
NEARLY FULL. UNDER SUCH CONDITIONS THERE WAS MUCH REJEGCTED RECHARGE.
THERE MAY HAVE DBEEN A SLIGHT INGCREASE IN MINERALIZATION OF THE UNDERGROUND
WATERS AS THEY MOVED SLOWLY TOWARD THE OCEAN. JTHE WATER RECHARGED TO THE
MoNTALVO BASIN UNDER THESE NATIVE CONDITIONS WAS PRODABLY LARGELY OF VERY
GOOD QUALITY. A GOOD INDICATION OF THE QUALITY OF THE ORIGINAL WATER
MIGHT BOE ODTAINED FROM THE CHARAGCTERISTICS OF THE BEST QUALITY WATER WHICH
IS NOW FOUND IN THE OXNARD AQUIFER. TOTAL DISSOLVED SOLIDS WERE PROBADBLY

tess THaN 700 PpmM. CALCIUM WAS THE DOMINANT CATION AT ABOUT 125 PPM, AND

soDIUM was 80 To 90 PPM. MAGNESIUM WAS PROCAGLY LESS THAN 40 pepm.

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

[11-18



ONLY SLIGHTLY LESS IMPORTANT DBUT WITH LESS THAN 300 PPM. I[N THE PORTION
0oF THE OXNARD AQUIFER NEAR PLEASANT VALLEY, THE ORIGINAL DICARBONATE MAY
HAVE DEEN HIGHER THAN SULFATE. OCHLORIDE WAS ALWAYS MINOR AND LESS THAN
50 ppM. DESPITE THE RELATIVE ABUNDANGE OF GORON IN THE UPSTREAM BASINS,
NATURAL DILUTION WAS EFFECTIVE; NATIVE OORON CONTENT IN THE OXNARD AQUIFER
WAS PRODADLY NEVER AS MucH as 1.0 ppPmMm,.

THERE HAS DEEN APPRECIADLE DETERIORATION OF THE CHEMIGCAL QUALITY
OF WATERS IN THE OXNARD AQUIFER SINCE THE SEGINNING OF AGRICULTURAL
DEVELOPMENT OF THE OXNARD PLAIN AND THE UPSTREAM DBASINS. THESE AGRICULTURAL
AND ASSOCIATED DEVELOPMENTS IN THE UPSTREAM BASINS AND IN MoONTALVO 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 rLess tHan 1000 PPM. THE DEFINITELY MORE MINERALIZED WATERS HAVE MOVED
TOo ABOUT THE CITY oF OXNARD, WHEREAS SEAWARD OF THE CITY OF OxNARD, MOST
OF THE WATERS STiLL sHow TDS oF LeEss THAN 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 SUGBSEQUENT TO 1952 ARE MUGH LESS
COMMON THAN THOSE MADE IN 1952 AND EARLIER. JTHIS INDICATED TREND OF
IMPROVEMENT MAY NOT BE SIGNIFICANT.

UNDER NATIVE CONDITIONS, MUCH OF THE AREA OVERLYING THE "crLAY
car wAS CHARACTERIZED OY HIGHLY ALKALINE soiLs (ReF. 7). THE CONDIT!ONS
WERE ESPEC!ALLY SEVERE ALONG THE GOAST 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 TO DBE DRAINED AND
LEACHED. THERE IS NOW AN EXTENSIVE SYSTEM OF TILE DRAINS AND DITCHES
OVER MOST OF THE AREA DETWEEN OXNARD AND THE COAST. JTHE SHALLOW WATERS
ARE STILL OF VERY POOR QUALITY (TaoLe [[1-9). As THE MAIN INCREMENT TO
THESE SHALLOW WATERS 1S |RRIGATION RETURN, THE QUALITY CONTINUES TO REMAIN
POOR. IMMEDIATELY FOLLOWING HEAVY RAINS, THE WATER FORMING THE GROUND
WATER RIDGE IN THE COASTAL DUNES NORTH OF PORT HUENEME 1S OF EXCELLENT
QuattTy (TasLe 111-9). THE QUALITY DETERIORATES RAPIDLY, HOWEVER.

SO LONG AS POSITIVE ARTESIAN HEADS WERE MAINTAINED IN THE COASTAL

PORTIONS OF THE OXNARD AQUIFER THERE WAS NG POSSIBILITY 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, LOCAL
UPWARD ESCAPE FROM THE OXNARC AQUIFER INTO THE SHALLOW ZONES THROUGH WELLS
WITH VERY SHALLOW PERFORATIONS. WiTH WIDESPREAD AND INTENSIVE PUMP I NG,
HOWEVER, AND THE CONSEQUENT DEPRESSION DELOW SEA LEVEL OF LARGE AREAS
OF THE OXNARD AQUIFER PIEZOMETRIC SURFACE, THERE WAS CREATED A CONDITION
FAvORING (1) SEA~WATER INTRUSION, 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 acrRES NEAR PORT HUENEME THE OXNARD
AQUIFER HAS ALREADY DBEEN INVADED O8Y SEA WATER (PLATE 17). THE INVASION
STARTED AT THE SUDMARINE OUTGCROP IN HUENEME SUOMARINE CANYON, AND [N
RESPONSE TO LANDWARD GRADIENTS THE SALT WATER HAS MOVED ODENEATH THE LAND
SURFACE. TO AVOID INTERPRETATIONS DASED 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 T0 50 pPeM
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 BY OCEAN WATER.

A SMALL PORTION OF THE OXNARD AQUIFER WAS INTRUDED DY SEA WATER
DURING THE DROUGHT PERIOD OF THE EARﬁY 1930's. WeLL IN/22W-28D1 sHowed
CHLORIDES OF MORE THAN 2000 ppm ourine 1931. By MarcH 1933, HOWEVER, THE
CHLORIDES WERE DOWN To 42 ppm. WeLL IN/22W~-20N1 SHOWED A SIGNIFICANTLY
MI1GH CHLORIDE CONTENT oF 103 pPMm IN JuLY 1936. By DeceMBER 1939 THE
CHLORIDES WERE DOWN TO 49 PPM. THE CHLORIDE INCREASE IN WELL 1N/22W~-20E1
WHICH REACHED 100 PPM 1N SePTEMDER 1954 REPRESENTS THE RE—ADVANGE 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, OUT DECREASED TO ONLY
Aé.éPM IN SEPTEMBER 1952; THE RETREAT OF THE WEDGE A SHORT DISTANCE MAY

DE ASSOCIATED WITH THE RECOVERY OF WATER LEVELS DURING THE WET YEAR OF
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Tapre [11-10. WeLLs NEAR PORT HUENEME INTRUDED BY SEA WATER AS OF

May 1959.
StaTe NUMBER CounTy NUMBER MONTH WHEN CHLORIDEé
REACHED 100 ppPM
1N/22W—17q2 8-V=-3 Jury 1957
IN/22W-19H1 8-v-15 SepTeEMBER 1954
IN/22W-20E1 8-v-24 SepTeEMBER 1954
IN/22W=-20N" 8-V-11 JuLy 1936 anp ApriL 1948
1N/adw-20H1 d=v=27 DeceEMBER T9H0
IN/22W-2141 9-v-28 JaNuary 1959
IN/22W=-21J3 G-V-53 , May 1958
IN/22W-21L1 R Decemser 1953
IN/22W-21L2 9-V-65 | Decemoer 1953
IN/22W=21N1 Fesruary 1959
IN/22W-21Q1 9-v-42
IN/22W-28A2 9-W=20 Decemper 1958
IN/22W-2843 9-W-19
IN/22W-28D1 Q-2 PRE-1931

IN/22W-2942 E-W-1 _ AugusT 1951



1952, WHEN THERE WAS AN UNUSUALLY LONG PERIOD OF SUBNORMAL PUMPING. HilaH
CHLORIDES ARE EVIDENT IN weLLs IN/22W-17J2 ano 20R1 (HueneMe NavaL Base
WELLS #12 AND #2, RESPECTIVELY). IN DETWEEN THESE TWO WELLS 1S HUENEME
NavaL Base wert #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 DYPASSED THE POSI!T!ON
oF weLl #4. LIMITED DATA SUGGEST THAT wELL 4 1S PERFORATED ONLY BELOW
THE OXNARD AQUIFER, N A zZONE (1) IN WHICH THE INVADING SEA WATER HAS NOT
YET ADVANCED SO FAR INLAND, OR (2) WHICH IS LENTICULAR AND NOT IN
COMMUNICATION WITH THE OCEAN, SUBNORMAL WATER LEVELS FAVOR THE LATTER
SUGGESTION

INVASION OF SEA WATER HAS PROCEEDED 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 ACCOMPANIED THE GROWTH OF THE ARC. ACCORDING
TO GHYBEN~HERZCERG PRINCIPLES, LANDWARD MOVEMENTS CGULD DEGIN WHEN THE
WATER LEVELS DROPPED GELOW ABOUT ELEVATION +6, ASSUMING AN AQUIFER DEPTH
oF 240 FeEET AND & spslelc GRAVITY FOR SEA WATER OF 1.025. THuUS, SEA WATER
WOULD TEND TO MOVE FROM THE OUTCROP [INLAND IN ALL DIRECTIONS SO LONG AS
THE WATER-LEVEL ELEVATIONS WERE LESS THAN +6. AS ELEVATIONS OF THE OXNARD
AQUIFER PIEZOMETRIC SURFACE HAVE BEEN MAINTAINED BELOW SEA LEVEL ALMOST
CONTINUOUSLY FOR THE PAST 13 YEARS, THE SEA-WATER ADVANCE HAS DBEEN FAIRLY
GENERAL FROM THE FOCUS AT THE SUOMARINE OUTCROP, ALTHOUGH THE RATE OF
ADVANCE HAS DBEEN A MAXIMUM IN A NORTHEASTERLY DIREGCTION. THE AVAILAGDOLE
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!ION BDENEATH THE Muecu NavaL Base
IS MUCH LESS GLEAR. OBserRvaTIonN weLl #2 (1S/21W-5H1) HAS SHOWN STEADILY
INCREASING CHLORIDES SINCE IT WAS INSTALLED IN 1949, THiIs WELL was
CONSTRUCTED SO THAT WATER SAMPLES COULD BE TAKEN FROM TWO DIFFERENT ZONES,
WITH A PACKER AND SEAL DETWEEN THEM. THE UPPER PERFORATIONS WERE GUT
BETWEEN DEPTHS ofF 180 ano 190 FEET, THE LOWER JETWEEN 330 anp 340 fFeeT.

SAMPLES FROM BOTH ZONES HAVE SHOWN VERY HIGH CHLORIDES,. HOWEVER, THERE
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IS REASON TO DEL{EVE THAT THE PACKER AND SEAL HAVE FAILED (AS OCCURRED IN
OGSERVATION 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 DOTH. ERRATIC WATER LEVELS [N THI!S WELL SUGGEST IT MAY OE PLUGGEDS.
BECAUSE MANY OF THE WELLS INLAND FROM THE MuGu NAVAL BASE ARE PERFORATED

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

INCREASING SALT CONTENT IN THE WATERS OF COASTAL WELLS CAN NOT
AUTOMATICALLY DE ATTRIDUTED TO INVASION OF SEA WATER INTO A PARTICULAR
AQUIFER. THE POSSICILITY OF DOWNWARD MOVEMENT OF SHALLOWER POGCR QUALITY
WATERS MUST ALSO COE CONSIDERED. OSOURGCES OF DETERIORANTS MAY OE 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, DUT 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 [MPORTANT AQUIFERS
APPEAR TO HAVE DEEN THOROUGHLY FLUSHED 3Y FRESH WATERS, SOME LENSES OF
MARINE SAND MAY NOT HAVE BEEN SO THOROUGHLY FLUSHED. UNLIKE THE INCREASING
CHLORIDES WHICH TYPIFY AN ADVANCING SEA-WATER WEDGE, THESE LENSES SHOULD
SHOW A REDUCTION OF CHLORIDES W!TH TIME. |IRRIGATICN RETURN WATERS GENERALLY
SHOW HIGH SULFATES AND OFTEN HIGH NITRATES, DUT NOT HIGH CHLORIDES, WHICH
ARE TOXIC TO PLANTS IN SOIL SOLUTIONS AT RELATIVELY LOW CONCENTRATIONS.

THE NATURE OF AN INTRUDING SEA~WATER WEDGE IS NOW WELL KNOWN FROM
THE DETAILED FIELD STUDIES CONDUCTED IN THE WesT BasiN OF L0oS ANGELES
County (ReF. 47). IT wAS GLEARLY DEMONSTRATED THAT THE ADVANCING SEA WATER
UNDER=RIDES THE FRESH WATER, AND IN THIS INSTANCE, OVER A DISTANCE OF
AcouT 4500 FEET MEASURED AT RIGHT ANGLES TO THE COASTLINE. A SIMILAR WEDGE
HAS UNDOUBTEDLY 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 3% MONTHS OR MGRE. AS THE
WEDGE AT THE WELL CECOMES THICKER, THE CHLORIDES 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 UNUSADBLE MAY BDE 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 pepm TDS. To THE
EAST OF THE DISTRICT, IN THE EAST ANC WEST Las Posas areEas, THE Fox CANYON
WATERS ARE LOWEST [N SALINITY. THEY APPEAR TO HAVE BECOME MORE MINERAL|ZED
AS THEY FLOWED UNDERGROUND WESTERLY TOWARD THE OCEAN. SUPERIMPOSED ON THIS
GENERAL NATI{VE PATTERN ARE NUMEROUS COMPLEXITIES RESULTING FROM MULT|—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 PLAIN, CALCIUM AND
SO0DIUM ARE USUALLY ADOUT EQUAL, ALTHOUGH EITHER MAY BE THE DOMINANT GCATION
(Taste 111-11). MAGNESIUM 1S TYPICALLY ADOUT 50 pPM. BICARDONATE AND
SULFATE ARE B3CTH 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 CELow O.5 FrpPM,
ANE FtuoriDE DELOW 1.0 pPPM.

SoME oF THE Fox CANYON WATERS PUMPED FROM DBENEATH PLEASANT
VALLEY ARE MUGH THE SAME AS THOSE BENEATH THE OXNARD PLAIN; OTHERS ARE
DISTINCTLY MORE MiINERALIZED (TaoLe [11-11). THE SETTER Fox CANYON WATERS
ARE OF HIGHLY ACCEPTAGLE QUALITY FOR DOMESTIC AND IRRIGATION USEe THE
MORE MINERAL{ZED WATERS, IN ADDITION TO HIGH TDS, ARE LESS DESIRAGLE FOR
DOMESTIC PURPOSES DECAUSE OF HIGH HARDNESS AND SULFATE CONTENT.
SOURCES OF DEGRADING WATERS

THERE ARE SEVERAL SOURCES OF POOR QUALITY WATERS THREATENING
THE COGNTINUED USADILITY OF Fox CaNyoN WATERS, OTHER THAN SEA WATER, WHIGH
WILL CE TREATED IN A LATER SECT!ON., |T SHOULD BE STRESSED THAT WELLS DRILLED
TO TAP THE Fox CANYON AQUIFER CAN NOT BE DRILLED TGO INDISCRIMINATE DEPTHS
AND PERFORATED IN ALL AVAILADLE PERMEAGBLE ZONES WITH THE EXPECTATION THAT
THE WATER PUMPED WILL GE OF ACCEPTASLE CHEMICAL QUALITY. [N PLACES WELLS
WHICH ARE DRILLED TOO DEEP YIELD WATERS GF INFERIOR QuaL1TYy. ONE OR MORE
WELLS IN PLEASANT VALLEY HAVE CEEN ADANDONED DECAUSE OF EXCESS|VELY DEEP

PERFORATIONS AND CONSEQUENT POGR WATER. HYDROGEN SULFIDE GAS HAS DEEN
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ENCOUNTERED IN THE DEEPER ZONES OVER LARGE AREAS |N PLEASANT VaLLEY. Muau
NavaL Base werl #3 (IN/21W-31L1) ENCOUNTERED HYDROGEN SULFIDE GAS I[N SANDS
OF THE SANTA Barpara 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 ano 28, T2N, R21W, aND NEAR SOMIS. SMALL AMOUNTS
OF THIS GAS WERE NOTICED ALSO IN HUENEME Base werr #21 (IN/22W-17B1). Mucw
OF THE POORER QUALITY WATER, WITH HIGH TDS OR HYDROGEN SULFIDE OR BOTH
APPEARS TO OCCUR IN THE UPPER PART OF THE SANTA BARBARA ForRMATION (GRiMES
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 THI!S
TIME.

APPRECIABLY HIGHER TDS ARE NOTED WHERE THE Fox CANYON WELLS ARE
PERFORATED ALSO IN THE SHALLOWER SAN FPEDRO ZONES. IN soME oF THESE
INSTANCES, THE LESS DESIRAGLE WATERS ARE CLEARLY OF A SODIUM CHLORIDE
CHARACTER. THE DETERIORATING SOURCES ARE PRODADLY SAND LENSES WHICH HAVE
NOT DEEN THOROUGHLY FLUSHED OF THE ORIGINAL CONNATE WATERS. SEVERAL WELLS,
INITIALLY SHOWING A RELATIVELY HIGH SODIUM GHLORIDE CONTENT, UPON PROLONGED
PUMPING SHOWED A MARKED DROP IN SODIUM CHLORIDE CONTENT AND A MATERI{ AL
REDUCTION OF TDS (Tabte |11-11). THese CHANGES SUGGEST THAT THE SAND LENS
HAS DEEN DEPLETED OF THE POORER QUALITY WATER] THE IMPROVEMENT IN QUALITY
IS EXPEGTED TO DE PERMANENT.

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

ELECTRIC LOGS OF OIL 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 DE EXPLAINED QY (1) CYPASSING OF THIS STRUCTURALLY HIGH AREA DURING

FLUSHING, OR (2) DETERIORATION BY POOR QUALITY WATERS MOV ING 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 WHIGH IN PLACES ARE NOT OF ACCEPTABLE CHEMICAL QUALITY.,
NEVERTHELESS, THE THOROUGHNESS OF THE FLUSHING SUGGESTS ACOEPTAGLE QUALITY
IN THE Fox CANYON LAYERS OVER MOST OF THIS LARGE UNTESTED AREA.
STATUS OF SEA-WATER INTRUSION

No Fox CANYON WELL HAS YET DEEN ADANDONED BECAUSE OF INTRUDING
SEA WATER DBUT THERE SEEMS TO OE AMPLE EVIDENGE TO INDICATE THAT THE INTRUSION
OF OCEAN WATER INTO THE SEAWARD EXTENSIONS OF THE Fox CANYON AQUIFER HAS
ALREADY BEGUN. THIS STATEMENT IS BASED UPON THE FOLLOWING LINES OF
EVIDENCE:

(1) THe Fox CANYON AQUIFER IS a THICK, MARINE SAND. NEAR THE
SHORELINE T IS SEVERAL HUNDRED FEET THICK AND APPEARS TO EXTEND
AS A DISTINCT PERMEADBLE UNIT FOR A CONSIDERADLE DISTANCE BENEATH
THE OCEANS

(2) OFF THE SOUTHERN PART OF THE OXNARD PLAIN THE OGEAN 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 SUBMARINE CANYONS WOULD CAUSE SUGH A SUBMARINE
QUTCROP TO DE CLOSER TO THE SHORELINE THAN ELSEWHERE.

(3) WATER LEVELS IN THE Fox CANYON AQUIFER HAVE REMAINED DBELOW SEA
LEVEL ALMOST CONTINUOUSLY SINGE 1948, LANDWARC GRADIENTS
DEMONSTRATE THAT THERE IS A ELow OF WATER IN THE Fox CANYON AQUIFER
FROM THE SEAWARD EXTENS|ONS TOWARD THE PUMPING TROUGHS IN PLEASANT
VaLLey.

(4) THis waTEeR Movss FROM THE SEAWARD EXTENSIONS OF THE Fox CANYON
AQUIFER UNDER TWO POSSIDLE GEOLOGIGAL CONDI!TIONS:

(A) THE aqQuIFER PINCHES OUT AND THERE ARE NO SUODMARINE OUTCROPS;

THE WATER 1S EXTRACTED AND NO OTHER WATER REPLACES T, OR

~~
(]
S

THE AQUIFER HAS A SUBMARINE OUTCROP AND B8EA WATER i858 FREE
TO MOVE INTO THE AQUIFER AND REPLACE THE WATER WHICH THE
LANDWARD GRADIENTS SHOW, MUST OE MOVING OUT OF THE SEAWARD

EXTENSIONS,

UNDER CONGITION (A) THERE SHGCULD BE 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 oF (o) (WELL 1N/
21W=-10F1, PuLaTE 25), AS WITNESS THE STRONG TENDENGY TO RESIST PROGRESS!VE
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 GOASTLINE MGST QUICKLY WHERE THE SUBMARINE OUTCROPS
ARE CLOSEST TC SHORE AND WHERE THE ROUTE TO THE CENTER OF FUMPING IS THE
SHORTEST. PuUMPING FROM THE Fox CANYON AQUIFER IN THE VICINITY OoF HUENEME
SUGMARINE CANYON IS AS YET RATHER SMALL, AND INLAND MOVEMENT OF SEA WATER
HAS PRODADLY NOT STARTED. DISTANCES TC THE CRITICAL WELLS FROM THE PROGAGLE
SUBMARINE OUTGROPS OF THE SHALLOWEST PERFORATED ZONES ARE: FOR THE
HoLLywooD~0Y~THE-SEa wELL (IN/22W=1941) -~ 11,500 FEET; FOR THE SILVERSTRAND
wert (1N/22wW-20E1) - 18,500 reeT.

MUGU SUBMARINE CANYON IS IN ALL PRODADILITY THE MOST GRITICAL
SPOT FOR FOCUSING THE INTRUSION OF SEA WATER INTO THE Fox CANYON AQUIFER,
IF A L0OSS OF FRESH=WATER STORAGE OF 200,000 ACRE~FEET 1S 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.
Distances To THE Mucu NavaL BASE PRODUCTION WELLS FROM THE PROBAOLE
SUBMARINE OUTCROPS OF THE Fox CANYON AQUIFER ARE: weLL 2 (IN/21W=~32G1) -
15,000 FeeT; werr #3 (IN/21W~31L1) —‘15,500 FEET. THERE ARE NG OBSERVATION
WELLS INTO THE Fox CANYON AQUIFER SEAWARD OF THESE PRODUCTION WELLS WHICH

COULD GIVE WARNING OF THE ADVANCING 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. CONSIDERADLE WORK ON GROUND WATER INVENTORIES HAD DEEN DONE DURING
1951-53 vy Wiroe ano Lone (Rer. 68), ano purinGg 1956-57 oy Kawano (ReFe 43).
A DIFFERENT APPROACH WAS USED Y THE CALIFORNIA DIVISION 0F WATER RESOURCES
tN THEIR BuLLeTin 12 sTunies (RerF. 23). IT WAS FELT THAT THE PURPOSES OF
THE DISTRICT COULD BE SERVED BETTER OY MOD!FYING THE EXTENSIVE WORK ALREADY
ACCOMPL ISHED BY THE DISTRICT RATHER THAN BY DEVISING A NEW INVENTORY METHOD.
CONSEQUENTLY, THE EARLIER DISTRICT STUDIES HAVE DEEN VERY HEAVILY RELIED
UPON. THE MODIFICATIONS MADE, TO A LARGE EXTENT, ARE BDASED UPON AN [MPROVED
PICTURE OF THE UNDERGROUND GEOLOGY AND HYDROLOGY.

BASE PERIOD

THE DASE PERIOD USED IN OUR STUDY was 1936-57. IN THE WiLDE=-
Lone sTuptES DURING 1951-53, THE PerioD 1922-1951 waS USED, AND THIS WAS
EXTENDED T0 1955 oy Kawano puring 1956-57. In BULLETIN 12, THE CASE PERIOD
was 1936-51, THE 1936-57 PERIOD HAS SEVERAL ADVANTAGES. |T APPLIES »
UNITED'S INVENTORY APPROACH OVER A DIFFERENT ANOD MORE UP-TO-DATE PERIOD.
THE AVAILADILITY OF DETTER DATA WiLL MORE THAN OFFSET THE POSSIBILITY
THAT THE PERIOD IS LESS REPRESENTATIVE OF LONG-TERM CONDITIONS. THE 1936~
51 PERIOD HAS DBEEN OBJECTED TO AS DEING EXCESSIVELY WET. AN EXTENSI|ON OF
THiS To 1957 INCORPORATES ONE WET AND FIVE DRY YEARS AND REMOVES AT LEAST
A PART OF THIS OBJECTION. IN THE Piru, FirLLMoORE, SanTa PaurLa, anD MonTALVO
BASINS, THE INVENTORIES WERE CALCULATED ON A MONTHLY BASIS FOR THE ENTIRE
BASE PERIOD. ALL STUDIES WERE MADE FOR THE RUNOFF YEAR =~ OCTODER 1
THROUGH SEPTEMDER 30,

PRECIPITATION

FRECIPITATION ON THE FREE GROUND WATER UDASINS WAS DETERMINED OY
AVERAG ING MONTHLY RAINFALL AT SEVERAL RAIN GAGES IN OR NEAR EACH DASIN.
THE WIiLDE~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 RIVeER aT BrLue Cur (enTERING PiRU Basin)

Piru Creexk NEAR PIrRU (ENTERING PIRU BASIN)

Hoprper CrREEK AT HiGHwaY Bripce (ENTERING PJRU Basin)

Sespe CREEK NEAR FiLLMoRe (ENTERING FIlLLMORE Basin)

SanTa PauLa CreEExk NEAR SanTa Paura (ENTERING SaANTA Paura Basin)
THESE RECORDS ARE PUBLISHED iN THE UN{TED STATES GEOLOGICAL SURVEY WATER
SupPLY PAPERS. PRIOR TO PUBLICATION PRELIMINARY REPORTS MAY DBE AVAILADLE
IN THE Los ANGELES OFFIGCE OF THE UNITED STATES GeorLoecicaL Survey. THEe
PUBLISHED FIGURES, ALONG WITH CORRELATIONS MADE IN THE WILDE—LONG AND
KAWANO STUDIES, WERE USED IN OUR INVENTORY. FEw MEASUREMENTS ARE AVAILAGBLE
FOR FLOOD FLOWS ALONG THE SANTA CLarRA RIVER ENTERING Ftiimore, SanTa Paura,
AND MonTALVO Basins. ESTIMATES OF ENTERING FLOOD FLOWS WERE DERI!VED FROM

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

R1SING WATERS HAVE BEEN MEASURED INTERMITTENTLY AT BLue CurT
ENTERING PIRU Basing; AT THE STATE FisH HATCHERY ENTERING FiLLMorRE Basing
AT THE FARMER's DITCH DIVERSION ENTERING SANTA PauLa BasiN; AND AT THE

BuTLeER DITCH DIVERSION ENTERING MONTALVO BASIN. A RATHER GOOD SERIES OF

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

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

NUMEROUS LOW FLOW MEASUREMENTS HAVE DEEN MADE NEAR THE LOWER END OF FiLimMoRre
BASIN, DUT AT VARIOUS POINTS. AT TIMES OF HEAVY RUNOFF, RISING WATER MUST
BE ESTIMATED, AS THE FLOOD WATERS AND RISING WATERS CAN NOT BE SEPARATED.
EsTimaTES MaDE DURING THE WiLpe-Lona STUDIES, ON THE LASIS OF LATER
MEASUREMENTS DY THE VENTURA COUNTY WATER RESOURCES DivisioNn, WERE REVISED
SY Kawano. KawaNo'sS FIGURES MAVE DEEN USED IN OUR INVENTORY, ALTHOUGH !IT
IS DELIEVED THAT ADDITIONAL MEASUREMENTS I[N THE FUTURE MAY INDICATE THAT
THE ESTIMATED MAXIMA ARE TOO HIGH, SURFACE FLOW MEASUREMENTS TAKEN IN

THE VICINITY OF THE LOWER DBOUNDBARY OF SANTA PauLa BASIN DO NOT ACGCURATELY
INDICATE THE VOLUME OF RISING WATER AS IT [S APPARENT THAT EVEN RELATIVELY

LOW FLOWS CONSIST IN PART OF THROUGH-FLOWING SURFACE WATERS. THE ESTIMATES
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USED IN THE WirLoeE~Lone aND KAWANO STUDIES ARE CONSIDERED EXCESS!VELY Hi8H,
ENTIRELY NEW RISING WATER FIGURES WERE DEVELOPED O3Y CARRYING RISING WATER
AS AN INVENTORY RESIDUAL DURING THE 1944-51 PERIGD WHEN THE BASIN DID NOT
FILL AND THéRE WAé NO REJECTED RECHARGE. MONTHLYIDISTRIQUTIONS WERE OBASED
ON Rrsrwé 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
BurLeTin 46 (RerF. 10). ON THE DASIS OF ADDITIONAL DATA, THESE CURVES
WERE MODIFIED DY HaroLD CONKLING IN HIS 1949 REPORT To THE VENTURA COUNTY
Boarbp oF SuPeErvVisoRrRs ofF FLoob ConTrRoL ZoNE 2 (RerF. 26). THESE CURVES WERE
FURTHER CHECKED AND SLIGHTLY MODIFIED DURING THE WILDE=-LONG STUDIES..
KAWANO IN REVIEWING THESE CURVES FELT THAT DURING THE HIGH FLOWS ESPEClALLY,
THE EXISTING CURVES INDICATED EXCESSIVELY HIGH PERCOLATION RATES.
ACCORDINGLY, HE ADJUSTED DOWNWARD ALL THE HIGH—FLOW PERCOLATION RATES. THE
ADJUSTMENTS IN THESE CURVES MADE BY KAWANO FOR THE FirLumore anD SanTa PauLa
BASINS APPEAR QUITE REASONADLE. BUT IN THE PIRU BAsx&, HOWEVER, MUCH MORE
WATER PERCOLATED DURING 1952 THAN WAS INDICATED BY KAWANO'S REVISION.
ADDITIONAL DATA WILL PROGAOSLY 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 PERCOLATION, WATER 1S CONDUGTED
FROM STREAM CHANNELS Tb BASINS OR "SPREADING GROUNDS"™., SPREADING OPERATIONS
WERE GCONDUCTED DY THE SaNTA CLARA WATER CONSERVATION DISTRICT FOR MANY
YEARS, DIVERTING FROM Piru CrREeEk IN THE PIRU Basin, FrROM SanTa Paura CREEK
IN THE SaNTA PauLa Basin, AND FROM THE SanTa CLARA RIVER TO THE SATIiCOY
SPREADING GROUNDS IN THE MonNTALVO BasiN., THE SANTA PAULA SPREADING GROUNDS,
AFTER SEVERAL YEARS OF CPERATION, WERE FOUND TO DE OF LITTLE DENEFIT, AND
THEIR USE WAS O!SCONTINUED. THE UNITED WATER CONSERVATION DISTRIGT TOOK
OVER THE OPERATION OF THE FIRU AND SATICOY SPREADING GROUNDS IN DECEMBER
1952, SINCE THEN, DIVERSION FACILITIES NEAR SATICOY HAVE GEEN ENLARGED

AND ADDITIONAL SPREADING GROUOUNDS HAVE OJOEEN CONSTRUCTED IN THE MoONTALVO

Basin NEarR EL Rio.  From TIME TO TIME ADDITJIONAL - INFILTRATION-HAS BEEN

ACCOMPL ISHED BY DIVERTING FLOWS TO VARIQUS PARTS OF THE FLOOD PLAIN, AND
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BY SCARIFYING THE DED OF THE SANTA CLARA RivER. GOOD MEASUREMENTS ARE
AVAILABLE FOR THE WATER WHICH HAS DEEN 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,
GOOD MONTHLY RECORDS ARE AVAILADLE FOR THESE IMPCRTS. IN THE LOWER END OF
THE PIRU BasiIN, NEAR THE STATE FisH HATCHERY, THE SITUATIGN IS QUITE COMPLEX.

THe STaAaTE FisH HATCHERY PUMPS FROM WELLS WITHIN THE FIRU BasIN AND THE WATER

15 DISCHARGED T0 THE SanTa CrLara RIVER WITHIN THE FiLLMOoRE Basin. SoME of

THE HATCHERY EFFLUENT 1S USED FOR IRRIGATION WITHIN THE FILLMORE BASIN BY THE
Sespe Land anD WaTer CoMrany. MEASUREMENTS OF HATCHERY PUMPAGE AND IRRIGATION
DIVERSIONS HAVE DBEEN SPOTTY; THE FIGURES USED IN THE WILDE-LONG REPORT HAVE
BDEEN USED,; AND UPDATED ON THE DASIS OF RECENT RECORDS. WATER IS ALSO PUMPED
IN TH!IS BOUNDARY AREA BY THE La CieNneEca WATER COMPANY AND THE SOUTHSIDE
IMPROVEMENT CoMPANY, THESE WATERS ARE DELIVERED TO LANDS IN BOTH THE PIRU
AND FlLLMORE BASINS, AND NO RECORDS ARE AVAILABLE TO DETERMINE THE DIVISION
OF THESE WATERS. |IN OUR INVENTORY, THE PUMPING BY La CiENEGAa WATER CoOMPANY
AND THE SOUTHSIDE IMPROVEMENT COMRANY WAS COGNSIDERED AN EXFORT FROM PiauU
BASIN, ALTHCUGH A PORTION OF TH!S PUMPAGE IS NOT EXPORTED TO THE UPPER
PART OF THE FJLLMORE Basin.

L1IKE THE LOWER END OF THE ©"IRU BASIN, THE LOWER END OF THE FlLLMORE
BASIN IS AN AREA OF HEAVY EXTRACTION AND DIVERSION. FARMER'S |RRIGATION
CoMPANY FORMERLY vaaRTéD RISING WATER, AND NOW PUMFS FROM WELLS IN THIS
AREA, AND CONVEYS THE WATER INTO THE SANTA PauLa Basin. GooD RECGRDS ARE
AVAILAGLE FOR THE FARMER'S DIVERSIONS AND PUMPAGE., NO RECORDS WERE FOUND
FOR DIVERSIONS ON THE SOUTH SIDE OF THE RIVER THROUGH THE TURNER DiTCH;
ESTIMATES OF DIVERSIONS WERE DBASED ON A CROP SURVEY AND UNIT CONSUMPTIVE
USE VALUES APPLIED TO THE DETERMINED ACREAGES. CONSIDERED A4S AN IMPORT
WERE THE MEASURED DIVERSIONS OY THE SaNTA PaurLa WATER WORKS AT THE GAGING
STATION ON SanTa Paura Creek.

Near SaTicoy, THE ALTA MutualL WATER COMPANY PUMPS FROM WELLS
WITHIN THE MoONTALVO BASIN AND PART OF THIS WATER IS USED WITHIN THE SANTA
PAULA " BasiNg THE REMATNDER 1S DELIVERED TO THE MoUND BASIN. WATER PUMPED

oy THE DeL Mar Division N THE SaNTA PauLA BASIN [S TRANSPORTED WESTERLY
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| INTO THE MounD Bastin

SANTA CLARA RIVER UNDERFLOW

[ I[N DOTH THE WiLbe-Lone AND Kawano STUDIES THE UNDERFLOW OUT OF THE
PiRu, FILLMORE, AND SANTA PaurLa Basins was OETERM!NED AS A RESJDUAL INCTHE
.} INVENTORY, FOR EACH OF THESE DOUNDARY AREAS WE HAVE MADE INDEPENDENT
ESTIMATES OF UNDERFLOW USING THE SLOPE-AREA METHOD, WHICH EMPLOYS THE
EQUATION?
Q@ =F 1 A

WHERE g IS THE UNDERFLOW, E IS AN ESTIMATED PERMEAQILITY BCASED 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 ALLUVIUM AND THE SaN

f{ Pepro FoORrRMATION. NEAR THE STATE FisH HATCHERY, WHERE UNDERFLOW IS
INTERMITTENT, UNDERFLOW RATES DECREASE AS THE SATURATED CROSS—-SECTIONAL

i? AREA DEGCREASES. MAXIMUM UNDERFLOW WAS FIRST ESTIMATED DY THE KIMBLE METHOD

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

THE RESULTS WERE NOT VERY CONCLUSIVE. THE CURVE GIVEN ON PLATE 27 waS
CONSTRUCTED DY MEANS OF THE SLOPE~AREA METHOD.

- BEcAUSE RISING WATER HAS NEVER FAILED AND THE SATURATED CROSS=
SECTION AND WATER~TADLE 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

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

AS A RESIDUAL, EXITING WDERFLOWS FROM SanTa PauLa Basin WERE LARGELY NEGATIVE.
. IN AN ATTEMPT TO IMPROVE THE DALANCE, KAWANO SUGGESTED SIDE UNDERFLOW
WITHIN THE SanNn PEDRO FORMATION IN BOTH THE SanTa Pautba AND FiLLMORE BAsiNsS.
WE DO NOT BELIEVE TH!S CONCEPT OF S|DE UNDERFLOW CAN DE 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 CONTRIODUTION FROM RAINFALL
- PENETRATION, OR PERCOLATION 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 WELLS

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

SURVEYS OF |RRIGATED LANDS WITHIN THE DISTRICT WERE MADE AS EARLY
As 1912 oy THE UniTeED STATES DEPARTMENT OF AGRICULTURE. OTHER SURVEYS
OF IRRIGATED ACREAGE, ?6h"THE'?ékés‘ﬁ926:75525;wx&auﬁ930;"Wé§é-Qgéé IN
1930 oy THE SanNTA CLARA WATER CONSERVATION DISTRICT IN COOPERATION WITH THE
VENTURA COUNTY AGRICULTURAL CoMMissioNER. THE FIRST DETAILED CULTURAL
SURVEY oF VENTURA COUNTY WAS MADE OY THE CaLiForNta DivisioNn 0F WATER
RESOURCES IN 1932 DuURING THE,BULLETIN L6 stubies. THE NEXT CULTURAL SURVEY,
COVERING THE LANDS OF THE SANTA CLARA WATER CONSERVATION DistrRicT, was mapE
oy HaroLp CoNKLING 1IN 1947, ANOTHER GCULTURAL SURVEY, N 1949-50 anp
COVERING THE ENTIRE COUNTY, WAS A PART OF THE BULLETIN 12 STUDIES OF THE
CaLtFornta Division oF WATER RESOURCES. ADDITIONAL INFORMATION WAS ODTA!INED
DY Kawano FOR 1955. THOUGH NOT ORIGINALLY INTENDED AS A PART OF OUR
INVENTORY STUDIES, OUR MODIFICATION OF BOCUNDARIES IN THE UPSTREAM DASINS
NECESSITATED AN UP=TO-DATE CULTURAL PATTERN. ACCORDINGLY, A DETAILED FIELD
CHECK OF LAND USE WAS MADE IN LATE 1958 anp EARLY 1959 FoRr Piru, FiLLMoORE,
SANTA PauLa, AND MONTALVO BASINS. THE RESULTS OF THESE SURVEYS ARE GIVEN
IN TapLe 1V-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
USESe 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. CONSUMPTIVE USE
OY PHREATOFHYTES IS CONSIDERED PART OF THE PUMPING DEMAND. THE UNIT
CONSUMPTIVE USE VALUES ARE LARGELY THOSE USED IN THE BULLETIN 12 STUDIES, AS
MODIFI1ED IN THE WiLoe-Long AND KAWANO STUDIES. THESE VALUES WERE DEVELOPED
By THE Braney-CripoLe MeTHoD (REF. 3}, THiIS METHOD IS DESIGNED TO ALLOW
COMPUTATION OF GONSUMPTIVE USE FROM CLIMATOLOGICAL DATA. IF ONLY MONTHLY
TEMPERATURE RECORDS ARE AVAILADLE AND LATITUDE IS KNOWN, THE CONSUMPTIVE

USE CAN BE COMPUTED FROM THE FORMULA:

U= KF
WHERE U = CONSUMPTIVE USE OF WATER IN INCHES FOR ANY PERIOD, _}S = EMPIRICAL
. - Lo U E, - P - . - N N F . . S . - e . P - . . B .
CONSUMPT‘VE/SCOEFF!CIENT, anp F = SUM OF MONTHLY CONSUMPTIVE USE FACTORS FOR
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TABLE 1V-1  1958-59 ACREAGES USED IN CALCULATING IRRIGATION AND
PHREATOPHYTE REQUIREMENTS
PIRU F1LLMORE SANTA PAULA  MONTALVO
(=)

CROP OR USE BASIN BASIN BAS IN BAS IN
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 ) 100
DEC1DUOUS 20 20 25 10
TRUCK 60 354 345 360
PASTURE 30 207 183 -
BEANS - 359 739 1,110
PHREATOFHYTES 550 1,347 485 310

TOTALS L, 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 chFFrCIENTs HAVE OEEN

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 DASINS MAY DE FOUND IN TABLES 44-47 of ThE WiLpe-LoNGg REPORT.
IN THE PRESSURE AREAS =- Mouno, OxNaRD PLaInN, AND PLEASANT

VALLEY —-= WATER PUMPED INCLUDES THE REQUIREMENTS FOR CONSUMPTIVE USE

INCREASED TO ADJUST FOR IRRIGATION EFFICIENCY. THE WATER DELIVERED MAY

BDE DETERMINED BY FLOW-METER RECORDS, CR STUDIES OF POWER CONSUMED IN

PUMP I NG WATER FROM WELLS.

RAINFALL PENETRATION

" SOME OF THE RAIN WHICH FALLS ON THE BDASINS UNDERLAIN OY FREE
GROUND WATER (S ADLE TO PASS THROUGH THE SOLL AND REACH THE WATER TADBLE.
THIS CAN HAPPEN ONLY WHEN THE SOIL HAS CEEN RESTORED TO FIELD CAFPAGITY
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 TO FIELD CAPACITY IS GALLED THE "INITIAL FaALL
SOIL 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 MOISTURE. IF IN aNY
MONTH, MORE RAIN 1S AVAILADLE THAN IS NEEDED FOR CONSUMPTIVE USE AND TO
RESTORE THE SOIL TO FIELD CAPACITY, THE EXCESS S CONSI!DERED TO CE
RAINFALL PENETRATION. UNIT MONTHLY RAINFALL PENETRATION VALUES MULTIFLIED
DY APPROPRIATE ACREAGES PRODUCES THE TOTAL MONTHLY VOLUME OF SUCH RECHARGE.
DETAILED STUDIES WERE MADE Qv WiLoe-LoNG, AND SLIGHTLY MOGIFIED oY
Kawano. Usine Kawano's MODIFICATION, WE HAVE RECALCULATED UNIT RAINFALL
PENETRATION VOLUMES FOR THE ENTIRE 1936-57 pDASE PERIOD. SINCE OQUR
STUDIES INVOLVED CONSIDERADBLE REFINEMENT OF THE RAINFALL PENETRAT|ON AREAS,
THE REVISED UNIT VALUES WERE APPLIED TO DIFFERENT ACREAGES ADJUSTED TO
THE 1958-59 FieLo cHeck (TapLe I1V-3).
GROUND WATER STORAGE DEPLETION

THE WATER TABLE IN A GROUND WATER GASIN 1S THE NATURAL

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

WATER DASIN CAN DE STUDIED UVER A REPRESENTATIVE RAINFALL PERIOD IN WHICH
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TABLE V-2 UNIT ANNUAL CONSUMPTIVE USE VALUES USED ( INCHES)

onop o8 suRrice LI FILLIORE s L oy
URBAN 8.42 8.42 8.542 8.42
ALFALFA Lb, L6 L2 .37 k2,37 43,18
CITRUS & AVOCADOS 30.79 30.68 30.68 30.08
WALNUTS 34.39 33.80 33.80 33,30
DEC IDUOUS 31.42 31.42 31,42 30, 41
TRUCK 27.87 27.26 27.26 26.83
BEANS S — 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 t¥=-3 1958-59 ACREAGES USED IN CALCULATING RAINFALL PENETRATION

19,830

oRor on suicr ol FISHIORE STA pauta e
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 BASIN IS FULL AT THE OEGINNING AND END, NO CONSIDERATION NEED OE
GIVEN TO NET CHANGE OF STORAGE. UNFORTUNATELY, NO SUGH PERIOD IS AS YET
AVAILADLE FOR WHICH RECORDS ARE SUFFICIENTLY RELIABLE. |IT IS NECESSARY,
THEN, TO DETERMINE THE VOLUME OF WATER WHICH IS REMOVED WHEN THE WATER
TACLE DROPS FROM ONE FOSITION TO A LOWER POSITION, OR HOW MUGH 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 GCCURIED OY WATER, AND NOT
ALL OF THIS CAN OE REMOVED OY PUMPING. THE PART OF THE WATER HELD TENAC|OUSLY
DY FORCES OF ADHESION AND COHESION IS CALLED SPEGIFIC 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 POROSITY, ALSO EXPRESSED AS A PERCENTAGE.
DETERMINATICON OF CHANGES IN GROUND WATER STORAGE INVOLVES PRIMARILY THE
APPLICATION OF APPROPRIATE SPEGIFIC YIELD VALUES TO THE VOLUME DEWATERED
OR FILLED. FOR THIS RURPOSE, UNIT SPECIFIC YIELD VALUES WERE USED FOR
MATERIALS COMMONLY ENCOUNTERED IN DRILLING (TacLe [1=1). WITHIN EACH FREE
GROUND WATER DASIN, GEOLOGICALLY HOMOGENEOUS ceELLS” WERE ODLOGKED OUT,
EACH INCLUDING A GROUF OF WELLS. WEIGHTED AVENAGE SPECIFIC YIELD VALUES
WITHIN EACH OF THESE CELLS WERE ASSIGNED TO EACH 25-F00T VERTICAL INTERVAL
DELOW THE MAXIMUM WATER SURFACE, ASSUMED TO HAVE OCCURRED IN THE SPRING
oF 194k, Storace DEPLETION curRVES (PLATE 8) WERE THEN CONSTRUGTED OV
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 IMBALANGE,
OR UNACCOUNTED=FOR WATER. THE BALANGCING PROCEDURES USED HEREIN INVOLVED
COMPARING A CHANGE=OF~STORAGE VALUE DETERMINED FROM THE INVENTORY W!TH
THE CHANGE-CF-STORAGE VALUE DETERMINED FROM PLATE 8. |IN GENERAL, ALL OF
THE INVENTORY ITEMS WERE INDEPENDENTLY DETERMINED, RATHER THAN ONE OE NG
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 OE OOTAINED AS

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

OBTAINED- IN A-HEAVY RAINFALL YEAR FOLLCWING A SERIES OF DRY YeEaRs (1952,

1958). THiS 1S EXPLAINED OY THE PRESENCE OF MUGH WATER "IN TRANSIT WHICH
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
Piru, FiLLMoRE, SanTa PauLa,. aND MoNTALVO BASINS. ANNUAL SUMMARIES OF
THESE INVENTORIES ARE SHOWN ON PLATES 28-~31, CHANGE OF STORAGE IS
COMPUTED FOR THE RUNOFF YEAR (0cTOBDER 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 BE DEF{NED AS THE MAX[~
MUM PERENNIAL RATE OF EXTRACTION WHICH WILL NOT PRODUCE CERTAIN UN-
DESIRABLE CONDITIONS, THESE CONDITIONS MIGHT DE:
(1) LOWERING THE WATER LEVELS SO FAR AS TO MAKE PUMP ING UN=
ECONOM}CAL;
(2) cAUSING A SERIOUS DETERIORATION OF WATER QUALITY;
(3) INTERFERING UNREASONAGLY WITH EXISTING WATER RIGHTS.
UPSTREAM BASINS
‘ To DATE THE PERENNIAL EXTRACTIONS OF WATER IN THE PIRU,
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 GONSUMPT|VE USE
REQUIREMENTS FOR URDAN AND IRRIGATION PURPOSES, AND THE
DRAFT ON GROUND WATER DY PHREATOPHYTES]
(2) PLUS THE TOTAL PUMPAGE EXPORTED OR SURFACE DIVERS!|ONS
DELIVERED TO THE NEXT DASIN DOWNSTREAM;
(3) ™MINUS THE TOTAL IMPORTED WATER.

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

FOLLOWS®
Piru BasiIn 12,600 ACRE-FEET PER YEAR

FiLLMoRe Basin 23,100 ar/vYr

SanTa PauLa Basin 18,500 ar/YR

ToTAL 54,200 ar/vRr

THE SOLE LIMITATION ON HISTORIC YIELDS HAS DEEN THE AMOUNT

OF WATER REQUIRED FOR CONSUMPTIVE USES IN THESE THR;;,QASINSHANP,lN

V-9
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1936-37
38

(3 (W (5)
UNDEEFLOW  TOTAL INFLQW  UNDERFLOW
IN 70 BASIN 1)
‘240, 95,860 2Lo
2ho 138,000 a2ko
240 69,150 240
240 28,760 a0
240 318,670 alo
2uo 84,680 240
240 194,870 alo
2ko 219,360 240
2ko 59,300 a0
240 52,820 2o
240 54,360 240
2u0 20,570 240
2lo 16,670 240
240 15,900 2o
2Lo 10,620 alo
240 101,250 2ho
240 20,780 240
2o 21,560 240
alo 17,000 240
2lo 16,220 240
2Lo 21,620 240
240 78 ,000 2u0

(6) (n

RAINFALL STREAM
PENETRATION PERCOLATION

10,290 47,580
7,470 58,2“0
1,870 Ly 560
2,240 18,580
15,110 68,270
750 46,690
11,260 55,810
8,340 61,850
2,250 36,400
1,810 27,460
1,970 26,780
300 15,240
240 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 GROUND 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
6,880
7,920
5,8k0
5,140

1,690

5,140

(9

TOTAL TO
GROUND WATER
BASIN

66,300
72,810
53,440
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
REQUIRENENT

6,820
8,150
§,k400
8,900
6,680
e
J
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

8,750

(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
5,180
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
18,010
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

()

EXPORT

2,340
2,380
2,6%
2,6%0
2,200
2,790
2,970
2,850
2,820
3,090
3,180
2,980
6,180
L,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
23520
42,140
55,000
65,450
- 58,830
64,770
58,510
50,050
45,180
34,160
29,030
25,030
24,580
26,720
34,060
28,500
25,160
21,740
19,770

k0,750

(16)

FLCOD
OUTFLOW

48,040
139,320
24,350
9,040
248,760

35,910

137,020

155,590
20,810

23,070
25,080
2,250
1,610
1,970
300
50,040
a,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
2k,880
76,760
37,920
33,350
27,240
al,110
23,690

85,520

(18)

CHANGE
OF
STORAGE

+26,510
+19,720
- 880
-15,970
+34,300
-17,770
+11,700
+ 5,660

-10,700

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

-17,750

+l44,530
-13,170
had 5:7”0
- 7,550
- 5,310
- b,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
. 5%,690
71,860
77,600
85,150
90,460
94,970



(1)

FLOOD
INFLOW

227,330
397,490
66

127,880

(2)

(3)

RISING
WATER

13,450
24,620
25,400
13,630
29,510
37,800
31,300
37,470
31,860
22,780
16,630
6,160
0

0
0
2,910
3,990
0

o

0
0

14,170

(¥

UNIERFLOW
IN

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
13,1%0
15,690
18,080

17,3%

15,750
14,550
12,570

17,200

(5

TOTAL INFLOW
TO BASIN

266,360
149,530
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
16
63,210
u2,640
53,160
47,850

167,420

(6)

UNDERFLOW
IN

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

12,570

17,200

(n

(8)
RAINFALL STREAM
PENETRATION FERCOLATION
21,360 49,130
24,550 . 27,500
4,650 39,950
4,770 26,280
37,880 23,660
3,730 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
26,810
38,900
30,040

34,280

27,970
51,890:

(10)

NET
CONS. USE
REQUIREMENT

20,620
23,470
2k,530
26,4k0
20,890
25,070
ak, 530
24,460
25,7130
26,490 -
28,610
29,140
28,060
24,950
28,350
20,590
26,580
24,680
23,390
2l,720
26,600

25,140

ANNUAL SUMMARY OF GROUND WATER INVENTORY (Acre-Feet)

(11)
NET

EXTRACTION FROM
GROUND WATER

BASIN

14,530
15,390
16,350
19,330
15,210
17,%80
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

17,830

(12)

UNDERFLOW

QUT

5,400
5400
5,400
5,400

'5}h00

5,400
5,400

(13)

RISING
WATER

38,400
39,700
42,500
35,100
45,200
45,400
Lk, %00
kg ,200
42,900
43,500
36,200
22,000
16,150
12,800

6,030
23,630
25,950
15,200

§,200

9,600

8,850

29,040

()

(15)

TOTAL FROM
GROUND WATER
BASIN

58,680
60,640
6U4,470
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
52,220
25,720
653,370
74,120
331,720
303,370
66,660
67,750
51,200
1,760
2,380
7,480
40
170,980

10,160
21,070

117,370

(17

TOTAL
QUTFLOW

250,330
455,250
116,690

85,900

719,260
142,500
398,370
373,260
133,510
136,400
114,290
52,270
L5, 4h0
hg,63o
34,870
213,370

55,810
53,390

170,680

(18)

CHANGE
IN
STORAGE

430,210
+ 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
T19'520
+42,970
-11,350
+ 1,590
- 3,860

- 3,530
-11,590

PIATE 29
(19)



IEAR

(1)

FLOOD
INFLOW

232,480
458,750
60,240
30,320
732,110
80,040
387 ,0L0
331,020
77,900
79,360
59,490
2,40
3,170
11,190
390
204,490
13,840
26,800
9,290
24,190
17,920

135,610

(2)

IMPORTS

5,020
5,710
4,920
4,220
5,980
6,340
6,110
5,430
5,240

(3

RISING WATER

LESS
DIVERSIONS

38,080
38,910
41,980
34,620
3,530
43,960
U2,960
47,710
42,L90
41,190
31,730
19,190
13,120

9,740

4,310
20,890
25,520
14,780

7,360

9,200

§,370

27,600

W

UNDERFLOW

IN

5,400
5,400

TOTAL INFLOW

TO BASINW

280,980
508,770
112,540

74,560
787,020
135,740
441,510
389,560
131,030
132,650
105,120

33,630

29,230

174,860

UNDERFLOW

IN

5,400
5,400

: SANTA PAULA BASIN
ANNUAL SUMMARY OF GROUND RATER INVENTORY (Acre-Feet)

n (8) (9 - (10) (11) (12) (%%% (1)
i TCTAL TO KET EXTRACTION FROM
RATNFALL STRZAM GROUND W¥ATER  COKS. USE IN-BASIN GROUND WATER UNDERFLOW
PENETRATION  PERCOLATION BASIN " RBQUIRSKENT  DIVERSIONS  EXPORT BASIN ouT
10,920 . 13,610 29,930 ¢ 15,150 150 820 12,260 1,800
15,060 11,900 32,360 - 18,340 200 570 13,410 1,800
1,940 a2k, 4o 31,780 12,070 220. ) 14,880 - 1,800
1,580 19,830 26,860 : 20,590 280 490 17,030 1,800
25,590 9,970 0,960 15,490 190 350 9,810 1,800
1,170 20,970 27,540 1,410 280 210 14,020 1,800
15,510 12,090 33,000 . 18,400 . aso u30 12,790 1,800
8,260 20,520 34,280 . 18,310 290 410 - 13,670 - 1,800
1,350 23,750 31,040 - 20,160 390 u6o 15,270 1,800
500 22,530 2%,430 ¢ 20,550 340 500 1L,430 © 1,800
2,250 19,240 26,840 21,410 390 710 13,700 1,800
g0 12,750 . 18,230 28,970 Lgo 380 17,200 1,800
50 10,750 16,200 18,660 490 870 14,430 1,800
1,150 10,710 17,260 " 17,060 Lo 560 11,280 ¢ 1,800
. ko 4,210 9,6%0 22,030 590 710 16,710 . 1,800
18,790 19,970 Lh,150 - 15,420 370 500 %,8%0 1,800
1,540 17,060 - 24,000 20,240 540 £50 15,580 1,800
- 3,930 15,550 24,980 19,050 560 570 1l k4o 1,800
1,370 10,330 17,100 o 13,70 6L0 650 12,330 1,800
3,800 12,490 21,550 . 18,180 610 560 11,340 1,800
2,830 10,970 19,200 . 19,840 710 . Tho’ 11,500 1,800
5,630 15,420 26,150 . 19,340 400 580 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

4,000
3,3k

. 2,930

2,040
11,800
13,650
12,380

4,710

i#,430

8,780

11,340

(16)

TOTAL FROM
GRCUND TATER
 BASIN

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

31,790
32,810
32,430
29,940
26,550
23,000
19,570
16,010
20,550
22,480
31,030
28,620
13,8L0
17,570
22,150

26,720

(17)

FLOOD
OUTFLOW

256,800
485,560
17,560

- 780

765,480
102,750

- 117,630

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

8,100
5,650
9,780

0

210,0L0
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
2l,520
37,860
36,790

174,110

(19)

CHANGE
IN
STORAGE

+ 3,020
- 50
- 1,480
- 7))‘"50

4+ 1)
=
-
n
n
fe]

PLATE 30
()

AVATLABIE

STORAGE
11,250
8,230
8,280
9,760
17,210
4,420
9,660
g,450
6,980
8,370



212,880
16,450
26,030
10,810
28,370
16,170

147,510

(2) (3) (%) , (5) (6) (n (&) (9) (10) (11) (ﬁéé (13) ety
‘ TOTAL T0 NET EXTRACTION FROM
RISING ©UNDERFLOW TOTAL INFIOW UNDERFLOW  RAINFALL STREAM SPREADING ~ GROUND WATER  CONS. USE  IRRIGATION  GROUND WATER - UNIERFLOW ‘
WATER L Ix TO BASIN IX _ PENETRATION FERCOLATION  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 1,800 501,650 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 | 8,270 1,330 6,940 39,600 1,50
16,340 1,800 783,550 1,800 - 12,220 53,680 koo 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 , 1,200 - 1,730
17,200 1,800 436,630 1,800 4,570 35,080 0 41,420 | 7,720 630 7,090 27,500 15hﬁo
17,340 1,800 376,960 1,800 3,590 27,090 1,960 34,440 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 2ko 8,290 36,270 .1,4%0
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, hlo 8,990 670 8,320 : 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 13,78G 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 1,740 -
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 | 6,170 640 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 é,400 19,760 29,970 ! 75050 - 1,630 v 5,420 2h,760 1,530
8,300 1,800 20,910 1,800 660 3,110 12,210 17,780 . 6,750 1,810 4,9k40 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
8,410 1,800 26,380 1,800 530 4,290 13,080 19,700 = 7,220 1,600 ‘ 5,620 . 13,200 ¢ 3,6M0
12,110 1,800 161,420 1,800 2,320 18,720 11,600 _ 34,4u0 | 7,630 970 6,680 27,910 1,720

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

(15)

. TOTAL F ROM
GROUND WATE

BASIN

31,210
43,850
47,160
48,100
131550
2 DDLU
36,030
32,240
46,020
48,040
4g,250
41,770
33,950
28,150 -
16,710
23,400
. 44,500
31,710
27,080
. 27,740
22,460

.36,310

- (16)

FLOOD
OUTFLOW

208,910
445,830
52,000
25,930
726,830
87,570
399,150
345,590
17,980

©.. 70,160

4k 810
g8uo

0
' 4,h20
' 0
169,710
. 3,210
9,95

1,930
14,190

5,610

128,320

(in

TOTAL
OUTFLOW

240,120
489,680

99,160

74,030
770,410
128,080
435,180
377,830

124,000

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

28,070
164,630

- (18)

CHANGE
IN
STORAGE

433,300
+15,430
- 8,710
-14,320
+24,520
- 6,320
+ 5,390
+ 2,200
~11,100
-~ 7,810
-24,980
-20,170
-10,430
-13,790

438,390
-18,2

= 1,7

- 9:300
- 2,130
- 2,760

PLATE 31
(19)

AVATLABIE
STORAGE
57,000
23,700
2,270
16,980
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PORTIONS OF THE MounD 4aND MoNTaLvO BasiNs To WHICH WATER IS EXPORTED.

THE YlELDS OF THESE THREE DASINS COULD BE INCREASED CONSIDERABLY |IF

LOWER. WATER TABLES COULD BE-TOLERATED.. -
MONTALVO BAS N
_ UNDER THE CONDITIONS PREVAILING DURING THE 1936757 BASE PERIOD,
IT 1S CONSIDERED THAT THE MONTALYVO BASIN HAS EXPERIENCED NO OVERDRAFT,
ALTHOUGH THE HISTORIC YIELD IS FRODADLY NOT MUCH BELOW THE SAFE YIELD,
The HisToRrIG YIELD IS CALCULATED as 8380 aCReE~FEET PeR YEARe. THE UNDERFLOW
OUT OF THE MONTALVO BASIN HAS AVERAGED aBouT 28,000 ACRE~FEET PER YEAR
OVER THE 1936-57 pase PERIOD, THIS IS CONSIDERED TO BE THE PRIMARY
SOURCE OF SA#E YIELD TO THE OXNARD AQUIFER AND TO THE MounD Basine. |IT
HAS ALSO BEEN A SOURGE OF REGHARGE TO THE Fox CANYON AQUIFER IN THE
AVERAGE AMOUNT oF 2000 ACRE~FEET PER YEAR.
OXNARD PLAIN AND MOUND BASIN
AN ANALYSIS OF WATER SUPPLIES FOR THE OXNARD PrLaIN anND Mounnp
-BASIN was MaDE FOR THE BASE PERIOD 1936-57., For THIs ANALYSIS, IT waAS
FOUND ADVANTAGEOUS TO DIVIDE THE BASE PER|OD INTO TWO SUD~PERIODS=~THE
WET 1936-46 GROUP OF YEARS, AND THE 1946-57 eRIMARILY DRY GROUP OF
YEARS. THE RESULTS OF THIS ANALYSIS ARE GIVEN IN TasrLe [V-4, THe UNDER~
FLow FROM MONTALVO BASIN IS DERIVED FROM THE DETAILED GROUND WATER
INVENTORY (PLATE 31). Loss oF FRESH=-WATER STORAGE DUE ToO SEA;WATER I N
TRUSION INTO THE OXNARD AQUIFER FOR THE YEARS 1946-57 Has BEEN ESTIMATED
As 90,000 ACRE~FEET; THIS HAS RESULTED IN A LOSS OF USAOLE STORAGE
GAPACITY OF aBouT 135,000 acrRE-FEET. THE REMAINING ESTIMATED LOSS OF
FRESH-WATER STORAGE CAPACTIY [S CONSIDERED To HAVE TAKEN PLACE WITHIN
THE UPPER PLEISTOGENE AQUIFERS SEAWARD OF THE MounND Basin., ONLY A VERY
SMALL AMOUNT OF WATER COULD HAVE GOME FROM THE COMPACTION OF CLAYS,.
THis conNcLUSION was Baseo ON THE ASSUMPTION THAT COMPACTION OF CLAYS
DUE TO PRESSURE REDUCTION WITHIN THE OXNARD AQUIFER WOULD HAVE RESULTED
IN SUDBSIDENCE OF THE GROUND SURFACE EQUIVALENT TO A LARGE PERCENTAGE
OF THE ACTUAL COMPACTIONs, THIS ASSUMPTION IS JUSTIFIED BY THE INGCOMPETENT
NATURE OF THE UPPER SEVERAL HUNDRED FEET OF SEDIMENTS BENEATH THE OXNARD
PLatne. A REVIEW OF RECORDS OF PRECISE LEVELING AGROSS THE OxNaRrRD Prain

REVEALS THAT NO APPRECIAGLE SUDSIDENCE OGGURRED BETWEEN 1939 anND aAgouT

V=10



TABLE (V-4

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

ITEM 0F INGCREMENT

UNDERFLOW FROM MONTALVO BasiIn

Loss oF FRESH-WATER STORAGE BY SEA~
WATER INTRUS|{ON

DownNFLOW FROM SEMI=-PERGCHED zoNE
REDUCTION OF ouTcrOP STORAGE
CoMPACTION OF cLAYS

ToTaL

!TEM oF DecrReEMENT

PuMPaGE ON OXNARD PLAIN AND [N
MounD Basin

OuTFLOow To ocEAN
UPWARD LEAKAGE TO SHALLOW ZONES
ExXPORT To WEST Las Posas

ToTalL

SAFE YieLo COMPONENT OF UNACCOUNTED=
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1950, LATER SURVEYS MaY INDICATE THAT SOME SUBSIDENCE HAS TAKEN PLACE
SUBSEQUENT To 1950,

PUMPAGE FIGURES FOR THE OXNARD PLAIN AND THE MoUND Basin ARE
DERIVED LARGELY FROM BuLLETIN 12, ADJUSTED FOR IMPORTS, AND DEEPER
PUMPAGE ON THE OXNARD PLAIN. OUTFLOW ToO THE OCEAN WAS DASED ON SLOPE=-
AREA STUDIES AND {S DELIEVED TO REPRESENT & MINIMUM. EXPORTS TO THE
WesT Las Posas AREA ARE FROM THE DisTRICT'S RECORDS,

THE ITEM OF UNACCOUNTED=FOR WATER DURING THE 1936-46 perion
REPRESENTS WATER WHICH MUST HAVE DEEN SUPPLIED TO SATISFY THE ESTIMATED
DEMANDS AND OUTFLOWS. THIS UNACCOUNTED-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 PERIOD AND 1T Is ASSUMED THAT
THERE WAS NO REDUCTION OF GROUND WATER STORAGEs EITHER EXPLANATION IS
IN THE DIRECTION OF REDUCING AVERAGE ANNUAL OVERDRAFT. ALL OF THIS
UNACCOUNTED~FOR WATER [S CONSIDERED TO OEF & COMPONENT OF SAFE YIiELD.
During 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 pRry PERIOD, T IS NECESSARY TO DRAW
HEAVILY FROM STORAGE AND THE SEM(~PERGHED ZONE«. THE ESTIMATES FOR
INTRUDED FRESH-WATER STORAGE AND LOSS OF OUTCROP STORAGE ARE DBELIEVED
NEAR THE MAXIMA., BASED ON CALCULATIONS oOF AVAILADLE (RRIGAT{ON RETURN
WATERy THE ASSIGNED DOWNFLOW FROM THE SEM|—=PERGCHED ZONE IS QUITE HIGHs.
Tuis 1s a CONSERVATIVE APPROACH WHICH CURBS OVER=OPTIMISM ON AVAILABLE
SAFE YIELD SUPPLY. IT IS QUITE POSSIBLE THAT THE SEMI—PERCHED DOWNFLOW
I'S LOWER AND THE SAFE YIELD GOMPONENT 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-rFeeT rer YEAR. FOR THE
1946-57 PERIOD THE supPLY |s TAKEN AS THE UNDERFLOW FROM MONTALYVO
BASIN PLUS THE SAFE YIELD COMPONENT OF UNACCOUNTED~FOR WATER, A TOTAL OF
38,500 ACRE~FEET pPER YEAR. THE AVERAGE ANNUAL SUPPLY DURING THE ENTIRE

1936-57 PERIOD was 50,800 ACRE~FEET PeR YEAR. THIS SUPPFLY WOULD TEND
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TO BE INCREASED DY THE ACTUAL AMOUNT OF WATER DERIVED FROM THE SEM|-
PERCHED ZONE, EVEN THOUGH THE POOR QUALJ|TY MAKES |IT QUESTIONABLE AS A
SAFE YIELD ITEM. UNDERFLOW TO THE OCEAN DURING WET PERIODS WHICH COULD
NOT BE INTERCEPTED WOULD TEND TO DECREASE THE AVAILABLE SAFE YIELD
SUPPLY. THE AVERAGE ANNUAL PUMP|ING DEMAND DURING THE 1936-57 pPERIOD wWas
63,700 ACRE-FEET PER YEAR. THUS THE OVERDRAFT DURING THE ENTIRE BASE
R1oD was 63,700 MiNus 50,800 or awn AVERAGE OoF 12,900 AGCRE-FEET PER YEARS
WITH FUTURE INCREASES of PUMPING DEMAND, THIS OVERDRAFT WILL GROW,
FOX CANYON AQUIFER
THE MAIN SOURCES OF REGCHARGE TO THE Fox CANYON AQUIFER ARE:
(1) THE MoNTaALVO Bas)w THROUGH THE SUB=ALLUVIAL OUTCROP DENEATH
THE SATICOY SPREADING GROUNDS
(2) UNDERFLOW FROM WesT Las Posas Basin;:
(3) unDERFLOW FROM EasT Las Posas Basin,
THe MonTaLvo BasinN anD WEsST Las Posas BASIN SOURCES aRE ESTIMATED AS
2000 ACRE-FEET PER YEAR EACH. THE MONTALVO BASIN SOURGE wiLL BE PERENNIAL,
BUT THE UNDERFLOW FROM THE OVERDRAFTED WEST Las POSAS AREAS [S EXPECTED
TO DECREASE. FRrRom EasT Las Posas BASIN, WHERE UNDERFLOW HAS BEEN ABOUT
3000 AGRE-FEET PER YEAR IN THE PAST, THERE WILL DE DECREASING RECHARGE
AS OVERDRAFT INCREASES. NO OTHER SOURCES OF REGHARGE To THE Fox Canyon
AQUIFER ARE CONSIDERED AS QUANTITATIVELY SIGNIFICANT.
ALTHOUGH THERE MAY HAVE BEEN ESGAPE OF FRESH WATER TO THE
OCEAN PRIOR To 1946, THE CURRENT CVERWHELMING GROUND WATER DECREMENT
IS PUMPED EXTRAGTIONS. A DETAILED STUDY HAS BEEN MADE OF THE ACREAGE
SERVED FROM Fox Canvon WELLS,-AND METERED PUMPAGES HAVE DEEN.OBTAINED,
WHERE AVAILABLE. As ofF 1959 agouT 4900 ACRE~FEET PER YEAR REPRESENT
MEASURED PUMPAGES. AN ADDITIONAL 14,600 AcrREsS WERE DEING IRRIGATED
FROM WELLS REAGCHING THE Fox CANYON AQUIFER. THAT ACREAGE INCLUDES AN
ADJUSTMENT FOR WATER REMOVED FROM THE SHALLOWER AQUIFERS IN THE MULT]-
ZONE WELLS, ON THAT AGREAGE 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 IN EXCESS OF THE RECHARGE,
IN CALCULATING THE OVERDRAFT ON THE Fox CANYON AQUIFER, THE

FOLLOWING ASSUMPT|ONS HAVE BEEN MADE:
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(1)  THere is NO GVERDRAFT IN THE Fox CANYON aQUIFER IN THE
NORTHERN PART OF THE OXNARD Praing
(2) OVERDRAFT Is RESTRICTED TO THE AREA SOUTH OF THE SPRINGVILLE
FauLT, INcLUDING ALL oF PLEASANT VALLEY, anND THE Muau AREAS
(3) OVERDRAFT coMMENGED Long PRIOR To 1948 out Loss oF Fresu-
WATER STORAGE DY SEA=WATER INTRUSION STARTED IN 1948,
(4) N PLEssanT VALLEY, CURRENT RECHARGE CONS|STS oOF (a) unDER-
FLow FROM EasT Las Posas--3000 ACRE~FEET PER YEAR; (B) UNDER=-
FLOW FROM THE NORTH ACROSS AND AROUND THE SPRINGVILLE FAULT==
5000 ACRE~FEET PER YEAR
(5) PuMPaGE IN THE OVERDRAFT AREA 18 25,000 4CRE-FEET PER YEAR.
CURRENT ANNUAL OVERDRAFT ON THE Fox CANYON AQUIFER AMOUNTS ToO
ABouT 12,000 ACRE-FEET PER YEAR. THE AMOUNT OF FRESH~WATER STORAGE
LOST TO SEA~WATER INTRUS!ON DURING THE 1948-59 periop APPROACHES 200,000
ACRE-FEETs THIS REPRESENTS A MAXIMUM F|GURE BECAUSE THE OVERORAFT HAS
NOT AVERAGED SO MUGCH a8 19,000 ACRE~FEET PER YEAR OVER THE 1948-59
PERJODs WITH FAILING RECHARGE, AND IF THERE ARE INCREASING PUMPING
DEMANDS IN THE FUTURE, THE ANNUAL OVERDRAFT WiLL INCREASE.
THE TOTAL OVERDRAFT oON THE COASTAL PLAIN AND IN THE ENT]RE
DistricT AMCUNTS To 19,000 ACRE~FEET PER YEAR FOR THE Fox CANYON AQUIFER
PLUS 12,900 ACRE~FEET PER YEAR FOR THE Mounp Basin anNo OxNarD PLalIN,

FOR A TOTAL AVERAGE ANNUAL OVERDRAFT OF 51,900 ACRE~FEET PER YEARS
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CHAPTER V
SALT BALANCE

METHODS AND PROCEDURES

ALTHOUGH NOT ORIGINALLY PLANNED AS A PART OF THIS INVESTIGAT|ON,
1T DECAME.INCREASINGLY APPARENT THAT A DETTER PICTURE OF WATER QUALITY
PRODLEMS WOULD BE OCTAINED iF, IN ADDITION TO THE OTHER WATER QUALITY
STUDIES, A COMPLETE SALT INVENTORY WERE MADE IN THE UPSTREAM DBAS|NS.
ACCORDINGLY, DETAILED SALT-DALANCE CALCULATIONS WERE MADE FOR THE BASE
PERICD 1936-57 FOR THE Piru, FiLLMORE, aND SaANTA PaurLa Basins. THis
INVOLVED ESTIMATING ALL THE SALTS WHICH ARE OROUGHT INTO EACH DASIN 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 CLARA RIVER AT BLue Cur,

AND ENTERING FLOWS oF FIru, Sespe, anD SanTa Paura CREEKS, CURVES WERE
DEVELOPED RELATING THE FLOW IN ACRE~FEET PER MONTH TO TONS OF SALT PER
MONTH (PLATE 32). DaTa WERE NOT AVAILADLE TO PREPARE SUCH CURVES 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 APPENDICES TO CALIFORNIA DEPARTMENT OF WaTER
RESOURCES BuLLeTin No. 75 (Rer. 18).

OtL-FIELD OPERATIONS ARE GONDUGTED IN THE TRIDUTARY DRAINAGES
oF Prru, FiLLMORE, AND SanTa PauLa Basins. ALMOST ALL OF THE OIL WELLS
PRODUGE WITH THE OIL SOME HIGHLY MINERAL|ZED WATER. RECORDING OF 2RINE
PRODUCTION |8 REQUIRED BY LAW, AND THESE RECORDS ARE CCMP[LED AND PUDBLISHED
ANNUALLY BY THE CaLIFORNIA Division oF OiL aND Gas. NUMEROUS SAMPLES OF
CIL=FIELD DBRINES IN THE DISTRICT WERE COLLEGCTED 0Y THE CaLtFornia Division
OF WATER RESOURCES DURING THE EARLY 1950's IN SURVEYS MADE FOR REG| ONAL
WATER PoLLuTion ConTrOL Boaro No. 4 (Rers. 12, 14). Tue OIL=-FIELD WATERS
PRODUCED NORTH OF THE SANTA CLARA RIVER RANGE FROM THE THRESHOLE OF
USABILITY TO MORE THAN 13,000 PARTS PER MILLION TOTAL DISSOLVED SOLIDS,
THESE ARE MOSTLY SODIUM GICARBONATE WATERS, ALTHOUGH A FEW ARE OF A
SODIUM CHLORIDE CHARACTER. SOME OF THE SOUTH-SIDE BRINES ARE MUCH MORE

HIGHLY MINERALIZED, AND MANY SHOwW TDS OF MORE THaN 30,000 epPpm. O1L
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PRODUCTION IS FROM A CONSIDERADLE VERTICAL INTERVAL, FROM FORMATIONS BOTH

ABOVE AND BELOW THE Oak Rioee FaurLT. THe BRINES SHOW A VARIETY OF CHEMICAL

- CHARAGTERS: w(1)~SODLUM-CAtQIQM cHLORIDE; (2) sootium cHLERrIDE; (3) s0D1uM

SuLFaTE-cHLORIDE; (4) sopiuM sucraTe; ano (5) sooium DICARBONATE.,
THE SALTS CONTRIBUTED OY OIL=-FIELD DRINES TO THE FRESH GROUND

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

FOLLOWING:

(1) PROPORTiONING THE DRINE PRODUCTION WITHIN EACH CIL FIlELD TO THE
SMALLER DRAINAGE AREAS,y SO THAT THESE COULD OF FITTED INTO THE
AREAS TRIBUTARY TO EACH GROUND WATER DASIN;

(2) EsTiMaTiING THE VOLUMES THAT WERE NOT ALLOWED TO ENTER THE SANTA
CLarA RIVER ALLUVIUM. THESE DRINES INCLUDED THOSE THAT WERE:
(A) PERGGLATED 1IN SUMPS OVERLYING PERMEADLE LAYERS WHIGH DIP
AWAY FROM THE RIVER;
EVAPORATED IN SUMPS ON IMPERMEAQLE MATER(ALS
) EXPORTED oY PIPELINES OR TRUCKS;
(0) inveECcTED INTO BRINE DISPOSAL WELLS, OR USED IN A WATERFLOOD
REPRESSURING SYSTEM;

s

(3) To THE VOLUMES REMAINING FROM (2), THE APPROPRIATE TONS=~PER=ACRE=~
FOOT SALINITY FACTORS WERE APPLIED TO ARRIVE AT THE ANNUAL TONNAGE
OF SALT.

CoNTRIZUTIONS FROM DCMESTIC SEWAGE WERE ESTIMATED AS FOLLOWS:

(1) PopuLaTions FoOR EAGH GROUND WATER DASIN WERE ESTIMATED FOR EACH
YEAR OF THE 1936-57 periOD USING DATA AND ESTIMATES PRESENTED IN
THE RECENT STUDY TY THE PLANNING RESEARCH CORPORATION (ReF. 55);

(2) SEWAGE VOLUME was TAKEN AS 63 GALLONS "PER CAPITA PER DAYs THIS
FIGURE WAS DERIVED FROM DETAILED STUDIES DY THE STATE WATER RIGHTS
BoaRD 1IN SaN FERNANDO VALLEY IN EARLY 1959. IT corRrRESPONDS
FAIRLY CLOSELY WITH THE PER-CAPITA FIGURE INDICATED BY THE FLOW
AT THE CiTY OoF SaNTA PAULA SEWAGE TREATMENT PLANT.

(3) DoMESTIC USES WERE CONSIDERED TO INCREASE THE TDS OF THE DEL|VERED
DOMESTIC WATER B8Y 300 PPM. THIS IS THE MAXIMUM F|GURE GIVEN DY
THE CaLIFORN!A STATE WaTER PoLLuTion ConTRroL Boaro (Rer, 22).
WITH ALLOWANCES MADE FOR THE DISCHARGE OF INDUSTRIAL WASTES, THE
CHEMICAL ANALYSES OF THE CITY OF SANTA PAULA SEWAGE EFFLUENT
INDICATE A DOMESTIC SALT PICK=UP WHICH IS WELL WITHIN THE 300 rPPM,

(L) BY APPLYING SALT PicKk~uP TO PER~GAPITA FLOW FIGURES, IT WOULD
APPEAR THAT THE PER-CAPITA CONTRIDUTION OF SALT TO THE GROUND
WATER DASINS IN DOMESTIC SEWAGE IS A MAXIMUM oF 60 pPouNDS PER
YEAR, OR 0,03 TONS PER YEAR.
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FOR THE SEWAGE TREATMENT PLANTS AT Fitimore, Santa PauLa, anD
SATICOY, THE REGIONAL WATER POLLUTION CONTROL BoARD HAs PRESCRIBED THE

FOLLOWING LIMITS FO? EFFLUENTS

CONSTITUENT MaximMum LimMiT

TOTAL DISSOLVED SOLIDS o o o o o « 2000 rpm

CHLORIDE v 4 4 ¢ o o o o o o o o« o » 175 pemM
BORON & v 4 v i v v e e e e e e 1.5 ppPm
SODIUM EQUIVALENT RATIO o « o . . . 60%

THE EFFLUENTS FROM ALL THREE PLANTS HAVE EXPERIENCED DIFFICULTIES [N
MEET!ING ONE OR MORE OF THESE LIMITS. AT SANTA PAULA, INDUSTRIAL WASTES
HAVE HERETOFORE DEEN DISCHARGED INTO THE CITY SEWER SYSTEM. A DISCONTINUANCE
OF THESE DISCHARGES HAS DEEN ORDERED, WHICH SHOULD RESULT IN AN AGCEPTABLE
EFFLUENT. A MORE SERIOUS INDUSTRIAL WASTE PROGLEM EXISTS IN THE SaTicoy
SYSTEM, DUT ONLY A MINOR ONE AT FILLMORE. BOTH SATICOY AND FILLMORE MAY
CONTINUE TO EXPERIENCE DIFFICULTIES IN MEETING THE EFFLUENT STANDARDS
BECAUSE THE DELIVERED DOMESTIC WATER IS SO HIGH IN TOTAL DISSOLVED SOLIDS.
INDUSTRIAL wASTES (OTHER THAN OIL=FIELD URINES) DISCHARGED IN
THE PIRU, FiLLMORE, aND SanTa Pauta 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 INVESTIGA~
TIONS BY THE REGIONAL WaTER PoLLUTION CONTROL BOARD (RerFs, 13, 15, 20).
A COMPREHENSIVE REPORT ON THE PACKING PLANT WASTES WAS AUTHORIZED BY THE
WaTER PoLLuTion CoMMITTEE oF THE VENTURA COUNTY CITRUS PAcCKING ASSO0CIATIONS,
AND PREPARED BY L. T. SHARP OF THE FRUIT GROWERS LADORATORY (ReF. 32). In
THAT REPORT ARE TO OE FGOUND EXGELLENT DATA ON THE FLOW VOLUME AND GHEMICAL
QUALITY OF THE WASTES CISCHARGED DY ALL THE CITRUS PACKING PLANTS IN
VENTURA COUNTY. MUCH HAS DEEN DONE TOWARD ALLEVIATING THIS SOURGE OF
GROUND WATER POLLUTION BY (1) MODIFYING WASHING AND RINSING PROCESSES TO
PRODUCE A LESS OBJEGTIONADLE EFFLUENTS (2) USING UNSOFTENED WATER; AND
(3) TRUGKING AWAY SALINE WASTES.
WATER SOFTENER REGENERATION DRINES ARE AN ESPECIALLY SER]OUS
PRODLEM DECAUSE OF EXTREME SALINITY —= SOMETIMES REAGCHING MORE THAN
300,000 pPM. SUCH DRINES ARE DERIVED FROM DOMEST!C WATER SOFTENERS, AND
FROM MANY INDUSTRIES WHERE A SOFTENED WATER IS REQUIRED. THE CITY OF

SaNTa PauLa Has REGENTLY PASSED AN ORDINANCE PROHIBITING THE INSTALLATION
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OF NEW OWNER-SERVICED WATER SOF}ENERS, FROM WHICH THE REGENERATION ORINES
WOULD BE DISCHARGED TO THE CITY SEWER. ANY PERSON WHO WISHES TG START
USING SOFTENED WATER MUST SUDSCRIDE TO A COMMERC | AL SERVICE, WHIGH WILL
REGENERATE THE UNITS CENTRALLY, AND PRESUMADLY BE RESPONSIDLE FOR THE
PROPER DISPOSAL OF THE DBR{NES.

FroM THE VERY GO0OD AvAlLADLE DATAy ESTIMATES OF SALT CONTRIDUTIONS
BY INDUSTR!AL WASTES WERE MADE FOR THE Piru, FILLMORE, AND SaANTA Pauta
Basins,.

SOME SALTS ARE IMPORTED TO THE BAS|NS AND SPREAD ON THE LAND AS
FERTILIZER. THESE WERE ESTIMATED TO BE ON THE ORDER oF 500 rFounDs PER
ACRE PER YEAR. THIS ESTIMATE COULD BE REFINED WITH A MORE DETAILED STUDY.
SOME SALTS ARE DOUND UP IN AGRICULTURAL PRODUGCTS AND SHIPPED FROM THE
BASINS; THIS EXPORT WAS ESTIMATED To BE 100 POGUNDS PER ACRE PER YEAR. THE
DETERMINATION OF SALT CONTRIDBUT|CONS IN WATERS LEAKING FROM THE OLDER
ROCKS oF QAK 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 CONSIDERATION SUCH GEOLOGIC AND
HYDROLOGIC FAGCTORS AS:

(1) THE PRODAGLE AMOUNT oOF RAINFALL PENETRATION ON OUTCROPS OF THE
OLDER ROCKS}
(2) THE PeERMEABILITY CHARACTERISTICS OF THESE ROCKS;

(3) THE NUMDER AND FLOW VOLUME oF SPRINGS

(k) THE LACK OF CHEMIGAL DETERIORATION OF GROUND WATERS DEFINITELY
ASCRIBAGLE TO THESE SOURGES. :

RESULTS

A SUMMARY OF THE SALT—=OALANGCE CALCULATIONS IS PRESENTED tN TaBLE
V-1. As saLT ACCUMULATION OR REMOVAL S A VERY SLOW PROCESS, AVERAGE
FIGURES OVER A REPRESENTATIVE PERIOD ARE MORE SIGNIFICANT THAN THOSE FOR
ANY SINGLE YEAR. HOWEVER, ADEQUATE ALLOWANCES SHOULD BE MADE FOR ANY
TRENDS [N THE LATER YEARS OF THE PERIOD, THE SALT-BALANCE STUDIES JUSTIFY
THE FOLLOWING CONCLUSIONS:
(1) EsseEnTiaLLy ALL THE SALTS DBROUGHT INTO THE GROUND WATER BASINS ARE

TRANSPORTED NY NATURAL SURFACE FLOWS AND UNDERFLOW;

(2) ALTHOUGH THE LOW SURFACE FLOWS MAY GE HIGHLY MINERALIZED, THE
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TaoLe V-T. SUMMARY OF SALT~DALANCE CALCULATIGONS
(AVERAGE TONS OF SALT PER YEAR)

Firu Froumore SanTa Paueba
INCREMENTS BASIN Basin Basin
FLoob INFLOW 83,600 93, 300 92,600
RISING WATER INFLOW e 21,100 53,800
UNDERFLOW IN Loo 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
FLoeb ouTrLow 39,500 77 +500 122,000
RISING WATER OUTFLOW 21,100 53,800 20,200
UNDERFLOW GUT 25,800 8,800 3,500
EXPORTED WATER 5,800 1,600 950
AGRICULTURAL PRODUCTS 210 560 510
92,410 142,260 147,160



TOTAL TONNAGE OF sALT CROUGHT IN OY THESE LoOw FLOWS 1S VERY SMaLL
COMPARED TO THE TONNAGE CONTRIBUTED DY THE LESS SALINE FLOOD FLOWS

(3) THE MoRre OBVIOUS SOURCES OF PGLLUTION SUCH AS DOMESTIG AND. MUNIGIPAL
| SEWAGE, OIL=FIELD ORINES AND OTHER INDUSTRIAL WASTES CONTRIBUTE
LESS THAN ONE PER CENT OF THE SALT.
IN THE PIRU BASiN, THE CALCULATIONS SuGGeST THAT MORE SALTS ARE BEING REMOVED
THAN ARE BEING BROUGHT IN. HOWEVER, THE FIGURES (N TaGLE V-1 MuUST GBE USED
WITH DISCRETION, AS THE PROBADLE ACCURACY [S LESS THAN THE DIFFERENGCE
BETWEEN THE SUMS OF THE [NCREMENTS AND DECREMENTS. THE GALCULATIONS IN
TABLE V=1 REPRESENT ONLY ONE, AND NOT NECESSARILY CONCLUSIVE, APPROACH TO
THE PRODLEM 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 ButLeTin 46 sTupies INn THE peERIOD 1928 To 1933. ANOTHER LARGE SERIES
WAS MADE DURING THE BUuLLETIN 12 sfuolss IN 1950 To 1952. COMPARISONS DETWEEN
THESE TWO SUITES OF ANALYSES SHOwS THAT (1) AVERAGE GROUND WATER SALINITIES
HAVE INCREASED, AND (2) SALINITIES IN FOUR WELLS ANALYZED DURING GOTH PERIODS
HAVE INCREASED. WHEREAS THESE SALINITY TRENDS ARE PROBADLY SIGNIFICANT,
THE MAGNITUDES OF THESE CHANGES CAN NOT DE CONVERTED INTO A MEANINGFUL
ANNUAL GHANGE. IN THE LIGHT OF THE TRENDS (N THE ANALYSES, IT WOULD BE
DIFFIGULT TO CONCLUDE THAT THE PIRU BASIN SALT DALANGE (S FAVORAGLE. lr
MIGHT DE SUGGESTED, THOUGH, FROM TAGLE V=T, THAT THE PIRU BASIN HAS &
RELATIVELY BETTER SALT DALANCE THAN EITHER THE FILLMORE OR SanTa PauLa
Basins.
THE ACTUAL DETERIQRATION OF WELL WATERS 1S ONLY [INCIDENTALLY
RELATED TO ADVERSE SALT DBALANCE. A WELL WATER ODECOMES POOR DECAUSE A
RIGHLY MINERALIZED WATER GETS INTO THE WELL. DETERIORATION OF WELL WATERS
HAS BEEN KNOWN TO OCCUR IN GROUND WATER GASINS WITH OVERALL EXCELLENT WATER
QUALITY AND FAVORADLE SALT BALANCE. THUS THERE ARE TwoO DISTINCGT PROBLEMS

TO BE CONSIDERED:

(1) THE OROAD PROBLEM OF LONG-=TERM SALT ACCUMULATION WHICH DOES NOT
NECESSARILY INVOLVE WELL WATERS BECCOMING UNUSADLE;

(2) THE PRODLEM OF THE SOQURCE OR SOURCES OF HIGHLY MINERAL|ZED WATERS
WHICH CAUSE RELATIVELY RAPID DETERIORATION OF WELL WATERSS.

IN TABLE V=1, THE ITEMS OF LITTLE SIGNIFICANCE FRCM THE STANDPOINT OF

SALT INVENTORIES MAY BE THE WORST OFFENDERS N WELL-WATER DETERIORATI!ON
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THE SOURGES OF THESE HIGHLY MINERALIZED WATERS IN THE Firu, Fitimore, ano
SaNTA PauLa BasiNS ARE THE FOLLOWING:

(1) AGRICULTURAL RETURN WATER

(2) NATURAL LOW SURFAGCE FLOWS

(3) MuniciPAL seEwacE

(k) O1L-FiELD BRINES

(5) INDUSTRIAL WASTES

(6) NATURALLY SALINE GROUND WATERS

NATURALLY SALINE LOW SURFAGCE FLOWS HAVE DEFINITELY CAUSED SEVERE GROUND WATER
DETERJORATION IN THE PiRU BASIN JUST WEST oF BLue CuT. THE HiGH SALINITIES
OF THESE LOW FLOWS MAY BE EXFLAINED BY THE SALT CONCENTRATION DUE TO
EVAPOTRANSPIRATION |N THE LARGE AREA OF PHREATOPHYTES JUST UPSTREAM FROM
BLUuE CUT. SALINE LOW FLOWS MAY ALSO EXPLAIN THE POOR WELL WATERS NEAR THE
MOUTH OF WHEELER CANYON IN THE SanTa PauLa BasiN. FELSEWHERE THE RELAT!ION=
SHIPS ARE DIFFIGULT TO DEMONSTRATE CHEMICALLY, MUNICIPAL SEWAGE HAS
DETERIORATED WELL WATERS IN THE SANTA PAuULA BASIN, ALTHOUGH THE POLLUTANTS
ARE PROBADLY TRACEADBLE TO INDUSTRIAL WASTES DISCHARGED TO THE SEwsﬁs.

AN INDEPENDENT DISCHARGE OF |NDUSTRIAL WASTES MAY HAVE POLLUTED ONE WELL

IN THE SANTA PauLa BASIN. ALTHOUGH IN THE PAST THERE HAS DEEN INDISCRIMINATE
DISCHARGE OF OIL=FIELD DRINES INTO ALL THREE BDASINS, NO WELL WAS FOUND

WHERE THE DETERIORATION WAS DIRECTLY ATTRIDUTAGLE To THESE WASTES.,

BY FAR THE MOST ADUNDANT SOURCE OF POOR QUALITY WATER IS
IRRIGATION RETURN. Doneen (ReEF. 27) WoRKING IN VENTURA COUNTY FOUND THAT
AT FLELD 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 FERTILIZERS. OF THE TwWO, THE
SALTS DERIVED FROM THE APPLIED WATER ARE MUGH THE GREATER. THE WORK OF
KeLLey, Laurance, ano CHarman (ReF. 44) During THE PER]oOD 1935-45 |NDicATED
FOR SEVERAL VENTURA COUNTY STATIONS THAT THERE WAS NO SALT ACCUMULATI]ON
iN THE SOILS. ALTHOUGH THIS MAY BE GENERALLY TRUE, THERE 1S SOME EVIDENGCE
TO SUGGEST THAT DORON IS BEING TEMPORARILY DETAINED [N THE SOIL OF SOME
AREAS OF THE DIsTRICT. IF SALTS ARE NGT ACCUMULATING IN THE SOILS, THEN
IN THE UPSTREAM CASINS THEY ARE BEING CARRIED DOWNWARD

THE CHEMICAL QUALITY OF I|RRIGATION RETURN WATERS {5 GENERALLY

POOR EVERYWHERE, ANDS IN THE DisTRriCT SOME INOICATION GF THE CHEMICAL NATURE
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OF THESE WATERS MAY DE OBTAINED FROM THE DRAIN WATERS ON THE OXNARD PLaIN
(TacLe 111-9). AssuMing an IRRIGATION EFFICIENCY OF 50 PER CENT, THEN

ONE ACRE=-FOOT OF APPLIED WATER IS GCONCENTRATED DY EVAPOTRANSPIRATIVE

PROCESSES INTO % ACRE=-FOOT OF WATER WITH TWICE THE SALINITY. IN CONSIDERING

THAT MOST IRRIGATION WATERS IN THE UPSTREAM DASINS Have TDS ofF asout 1000

PPM, THE RESULTING WATER WILL CONTAIN ABOUT 2000 FPM. MOST (RRIGAT|ON

RETURN WATERS WOULD PRODBAOLY OF MORE SALINE THAN THIS. AssuMinNg 50 PER CENT

IRRIGATION EFFICIENCY, THE PER—-ACRE PRODUCTION 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 VOGLUME
OF IRRIGATION RETURN WATERS [6 GIVEN IN TABLE V-2. THESE FIGURES GIVE,

AT LEAST, AN ORDER-OF~MAGNITUDE INDICATION OF THE VOLUME OF THE HIGHER
SALINITY WATERS INVOLVED IN lRRxeATlo& RETURN., UNDER THE ASSUMPTIONS USED
IN TaoLe V-2, apouT 17,000 AGRE~FEET PER YEAR OF RETURN WATER {S PRODUCED.
THiIS COMPARES WITH ABouT 1100 ACRE=FEET OF SEWAGE FLOW AT THE CiTIES OF
FlLLMorRE aND SanTa PAULA IN 1958. EXPORTATION OF THIS MUNICIPAL SEWAGE
(1ncLuDING FNDUSTRIAL WASTES OTHER THAN OIL-FlELD GRINES) WILL REMOVE ACOUT
0.5 PER GENT OF THE AVERAGE ANNUAL SALT CONTRIBUTION TO THE FiILLMORE Basin -
AND ABOUT 1.2 PER CENT OF THE AVERAGE ANNUAL SALT CONTRIBUTION TO THE
SaNTa PAULAlBAS!N. THIS INCREASE IN SALT EXPORT WOULD NOT BE SUFFICIENT
TO INSURE A FAVORADLE SALT éALANCE. As EVAPOTRANSPIRATIVE GONCENTRAT!ON
IS THE CHIEF PRODUCER OF SALINE WATERS, IRRIGATION RETURN WATERS WOULD

HAVE TO BE EXPORTED IN LARGE VOLUME TO OVERCOME THE ADVERSE SALT DBDALANCE.
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TaorLe V-2. EsTiMaTES OF VOLUMES OF IRRIGATI{ON RETURN WATERS N
UPSTREAM DASINS ASSUMING 50 PER CENT OF APPLIED
IRRIGATION WATER GOES TO CONSUMPTIVE USE.

Cons. use Firiomore Santa Paura

APPLIED PirUu Basiw Basin Basin

WATER 1958 1958 1958
CROP FT/YR AGRES AF/vyRr AGRES AF/vYR ACRES AF/YR
ALFALFA 2.4 20 2k 143 172 190 228
Pasture 2.4 30 36 207 248 183 220
WALNUTS 1.6 72 58 178 142 740 592
DeEctouous Tod 20 14 20 14 25 18
CiTrRus & Avocapos 1.4 3990 2793 gL87 6641 6760 Lo3zp
TRUCK 1.2 - - 359 215 739 Luz
TOTALS 2957 7644 6440
VOLUME OF MUNICIPAL SEWAGE —_—— 250 850

(acre-FeeT 1N 1958)

AF/vrR = ACRE-FEET PER YEAR



CHAPTER VI
A PLAN FOR GROUND WATER MANAGEMENT

INTRODUCT I ON

THE OBJECTIVE OF THE PLAN [S TO PROVIDE.A WORKABLE SOLUTION TO
THE DISTRICT'S GROUND WATER PROBLEMS. [N ADDITION, AN ATTEMPT 1S MADE TO
PROVIDE MAXIMUM FLEXIBILITY IN THE OPERATION OF EXISTING AND PLANNED
FACILITIES, ASleSTRlCT WATER SUPPLIES ARE NOT SUFFICIENT TO PROVIDE FOR
ULTIMATE WATER REQUIREMENTS, FULL RECOGNITION [§ GIVEN TO THE FACT THAT
IMPORTED WATER WILL BE REQUIRED IN AS LITTLE AS 15 or 20 YEaRs.

THE MAJOR PROBLEMS OF THE DiSTRICT ARE AS FOLLOWS:

(1) ExISTING AND FUTURE OVERDRAFTS ON THE COASTAL PLAIN;

(2) ADVERSE SALT BALANGE iN FroLMorRE AND SanTa PaurLa Basins, ano ToO
A LESSER EXTENT, N PIRU Basin;

(3) HieH WATER-TaBLE CONDITIONS PRODUCED OR AGGRAVATED BY STREAMBED
RESERVOIR RELEASES.

EXISTING AND FUTURE OVERDRAFTS

A SUMMARY OF EXISTING AND FUTURE OVERDRAFTS ON THE COASTAL
PLAIN Is GIVEN IN TaBLE VI=1. THE SUGGESTION THAT THERE (S NO CURRENT
OVERDRAFT ON THE OXNARD PLAIN MIGHT SEEM, AT FIRST, GROSSLY INCONSISTENT
WITH THE UNDOUBTED INTRUSION OF SEA WATER INTO THE OXNARD AQUIFER AT PORT
HUENEME. YET, ON A LONG-TERM BASIS, THIS SUGGESTION [S JUSTIFIED., THE
AVERAGE OVERDRAFT IN THE OXNARD PLaInN = Mounp Basin AREA FOR THE
REPRESENTATIVE RAINFALL PERIOD 1936-57 waS ESTIMATED TO BE 13, 900 AcCRE-
FEET PER YEAR. WITH THE COMPLETION OF THE SANTA FELicia DaM - LOwER
RIVER SYSTEM BY THE DISTRICT 1N 1955, THERE WAS MADE AVAILABLE TO THE
OXNARD PLAIN AN AVERAGE ANNUAL SUPPLY oF 20,200 AGRE~FEET, WHICH MORE THAN
OFFSETS THIS OVERDRAFT. THE LONG~TERM SIGNIFICANCE OF THE SEA-WATER
INTRUSTION HAS BEEN MASKED BY THE EFFECTS OF PROLONGED DROUGHT, WITH
ACCOMPANYING HIGH PUMPING DEMAND AND SUBNORMAL RECHARGE, HOWEVER, SUGH
A VIEWPOINT CAN IN NO WAY LESSEN THE SERIOUSNESS OF THE ACTUAL INTRUSIJON

WHICH 1S TAKING PLACE. As avERAGE ANNUAL DEMAND PROGRESSIVELY INCREASES,

-THERE WILL AGAIN BE OVERDRAFT, JUST AS THERE WAS PRIOR TO THE CONSTRUCTION

OF THE SANTA FELICIA DAM - LOWER RIVER SYSTEM FACILITIES..

THouGH MucH LESS AN IMMEDIATE PROBLEM, THE LARGEST CURRENT
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TABLE VI-1. OVERDRAFTS ON THE .COASTAL PLAIN

AVERAGE
Cu T
AREA 193657 RREN 1970 1980
OXNARD PLAIN - MOUND BASIN 13,900 NONE1 11,8001 ‘15,0001

FOX CANYON AQUIFER IN 5 5
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.



R

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 CounTY 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 ENOQUGH
WATER TO 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-BALANGCE STUDY SUMMARIZED IN CHAPTER V SHOWS
THAT SALTS ARE ACCUMULATING IN THE FILLMORE AND SANTA PauLa Basins awno,
TO A LESSER EXTENT, IN THE PIRU BasiN. AS POINTED OUT, THE HIGHER
SALINITY WATERS ARE PRIMARILY IRRIGATION RETURN WATERS. IF LARGE QUANTITIES
OF THESE WATERS COULD BE COLLECTED AND EXPORTED FROM THE BASINS, THE
ADVERSE SALT=BALANCE PROBLEM COULD BE SOLVYED; HOWEVER, SUCH A COLLECTION
SYSTEM WOULD BE (MPOSSIBLE. 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 OBJEGCTIVE 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 RESULT
OF THIS STREAM PERCOLATION A GROUND WATER RIDGE IS.BUILT UP BENEATH THE
ALLUVIAL STRIP., UNDERGROUND FLOW [S AWAY FROM THE STREAM CHANNEL TOWARD
BOTH SIDES OF THE BASINs 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 DETER|ORATED BY {RRIGATION
RETURNs ACTUALLY THESE POOR QUALITY BYPASSED WATERS ARE MOVING DOWNSTREAM,
BUT VERY sLOWLY. PUMPING IN THE STREAM CHANNEL wilLL INCREASE THE WATER~
TABLE SLOPES AND ALLOW THESE WATERS TO MOVE OUT OF THE]R SEMI-TRAPPED
POSITIONS.

THE WATER PUMPED MUST BE EXPORTED. WATER PUMPED FROM THE LOWER
ENDS OF SanTa PauLa aAND FILLMORE BASINS woULD HAVE TO BE CARRIED BY
PIPELINE AT LEAST AS FAR WEST AS SATIicOY. [F PUMPING WERE GOMMENGED SOON
THE wATER WOULD BE OF ACCEPTABLE QUALITY FOR [RRIGATION PURPOSES. AS SALTS

ARE CONTINUING TO ACCUMULATE, A LONG DELAY IN 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 SURFACE STORAGE ON PIRU AND SespPe GREEKS To MAX. LML ZE
SPREADING DIVERS|ONS AT SATICOY REQUIRES THAT THE RELEASES BE AT A HIGH
RATE. IN A WET YEAR SUGCH AS 1957-58 WATER LEVELS IN THE BASINS RISE
SHARPLY FROM PERCOLATION OF UNCONTROLLED FLOOD FLOWS AND THERE 1S RISING
WATER AT THE LOWER ENDS OF THE BASINS. STREAMBED RESERVOIR RELEASES MAY
AGGRAVATE THE HIGH WATER=TABLE CONDITIONS THAT NORMALLY OCCUR N THE
LOWER ENDS OF THE BASINS DURING WET YEARS. |F RELEASES COULD BE DEL|VERED
THROUGR 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 SanNTa FeELICIA
WATER T0 MONTALVO BASIN SPREADING GROUNDS OR TO DOMESTIC OR JRRIGATI!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 PIrRU LAakE. THOUGH NOT
ESSENTIAL To THE OPERATION OF THE PLAN, THE DELIVERY OF FEATHER RIVER WATER
TO PIRU LAKE WOULD GREATLY ENHANCE TS FLEXIBILITYs TO PERMIT CONTROL
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 DiISTRICT POINT UP THE

NECESSITY FOR SURFACE STORAGE ON Sesre CREEK ToO DEVELOP ADDITIONAL SAFE

YIELD AT REASONABLE COST.
FEEDER FROM SESPE GORGE TO MAIN PIPELINE

ReELEASES FROM SURFACE STORAGE ON SeEsre CRrREEK COULD BE DIVERTED

MEAR THE GAGING STATION AND DELIVERED THROUGH A BRANCH PIPEL|NE TO THE
MAIN PIPELINE. THIS FEEDER WILL PERMIT FILLMORE BaSIN TO BE BYPASSED WITH
SeEsPE CREEK RELEASES, [F OPERATIONAL OBJEGTIVES DEEM THI!S ADVISABLE,
WELLS AT LOWER END OF FILLMORE BASIN

WATER PuMPED TO IMPROVE SALT BALANCE IN THE FILLMORE BasIN
CouLD BE EXPORTED To MonTaLvo Basin In THé MAIN PIPELINE. |F PUMPING WERE

COMMENCED SOON, THIS WATER WOULD BE OF ACCEPTABLE CHEMICAL QUALITY FOR
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USE ON THE OxNARD PLAIN AND IN PLEASANT VALLEY, ESPECIALLY FOR IRRIGATION
PURPOSES. BY BLENDING WiTH WATER FROM RESERVOIR RELEASES AND THE FEATHER
RIVER PROJECT A GOOD QUALITY MIXTURE GOULD BE OBTAINED. WITH THE OPTION
oF BYPAég;NG RESERVOIR RELEASES, AND WITH SALT-BALAQCE PUMP]N&;~A coon
MEASURE OF CONTROL COULD BE OBTAINED ON HIGH WATER~ TABLE PROBLEMS. .
WELLS AT LOWER END OF SANTA PAULA BASIN

WATER PUMPED FOR SALT-BALANCE CONTROL 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 SOURGE OF SUPPLEMENTARY
WATER DURING THE PRESENT PROLONGED DROUGHT PER!OD AND BEYOND |[F NECESSARY,
IT IS PROPOSED THAT WELLS BE DRILLED TO THE Fox CANYON AQUIFER IN THE
MoNTALVO BasiN. THis WATER CAN BE TRANSPORTED TO AREAS NEAR THE GCOAST 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 ‘Rio sPREADING
GROUNDS IS CURRENTLY BEING SUPPLIED TO THE CITIES oF OXNARD AND PORT
HQENEME, AND TO THE HUENEME NavaL BASE. A BRANCH LINE IS PLANNED, TO
SERVE THE Mucu NavaL Base. WITHIN TWO YEARS THERE WILL BE DISTRIBUTION
FAGILITIES IN THE PreasanT Varrey CounTy WATER DisTRICT; THIS AREA WILL
BE SERVED FROM THE MONTALVO BASIN THROUGH THE AGRICULTURAL LINE BUILT
BY THE DisTrRICcT IN 1955, THE PROPOSED OceaN View WATER StorAGE DisTrRiCT
'S EXPECTED TO PROVIDE DISTRIBUTION FACILITIES OVER ANOTHER LARGE AREA OF
THE COASTAL PLAIN. IN ADDITION TO THE CONSTRUGTED AND PROFPOSED DISTRIBUTION
FACILITIES, ADDITIONAL FACILITIES SHOULD BE BUILT TO SERVE THE REMAIN]NG
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 1S A LARGE OUT UNDERFLOW AND CONSIDERABLE PUMPING

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 sHouLD 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 JUSTIFIED. SucH

PUMPING, COMBINED WITH BYPASSED RESERVOIR RELEASES, WOULD HELP CONTROL HIGH

WATER~-TABLE PROBLEMS.

FILLMORE BASIN

THERE 1S A PRONOUNCED ADVERSE SALT BDALANGE IN THE FiLLmMore Basin,
ALTHOUGH WELL~WATER DETERIORATION [S RELATED PRIMARILY TO IRRIGATION RETURN
WATER, EXTENSIVE AREAS OF PHREATOPHYTES CONTRIBUTE To THE SALT ACCUMULATION
PROBLEMs LOCAL WELL-WATER DETERIORATION OCCURS IN A FEW PLACES IN THE
SesPre UPLAND, OVER MUCH OF THE PoLe CREEK 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 YEAR. 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 ReclonaL WATER PoLLuTion CoONTROL BoArRD. GOOD QUALITY WATER FROM THE
RESERVOIRS SHOULD BE MADE AVAILABLE TOo THE CITY OF FILLMORE FROM THE MAIN
PIPELINE AND FROM THE SEsPE 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 COMDINED
WITH THE SALT=BALANCE PUMPiNG.

SANTA PAULA BASIN

THE SALT~BALANGE CALCULATIONS INDICATE THAT SALT ACCUMULATION I[N
THE SANTA PauLA BASIN IS EVEN MORE SERIOUS THAN N THE FILLMORE BaSiIN.
SALT=BALANCE PUMPING AT THE LOWER END OF THE SANTA PauLa BASIN SHOULD AVERAGE
AT LEAST 9000 ACRE~FEET PER YEARs. A HIGHER RATE OF PUMPING WOULD ACCELERATE
THE IMPROVEMENT. T[HIS WATER GCOULD BE PUT lNTO'THE MAIN PIPELINE AND
EXPORTED.

Like THE CiTy oF FiLLmoreE, THE CiTY oF SANTA PAULA HAS GEEN
EXPERIENCING DIFFICULTIES WITH THE QUALITY OF DOMESTIGC WATERS, AND 1IN

MEETING SEWAGE EFFLUENT REQU!REMENTS. 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-BALANCE PUMPAGE. WATER
SHOULD ALSO DE MADE AVAILABLE ALONG THE MAIN PIPELINE TO USE IN LOCAL

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 OoR EL Rio SPREADING GROUNDS, OR DELIVERED THROUGH
EXISTING, PROPOSED, AND RECOMMENDED MUNICIPAL AND AGRICULTURAL LINES. THE
ADDITIONAL SAFE YIELD FROM SURFACE STORAGE ON Sespee 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 BY MODEST W!THDRAWALS FROM
STORAGE IN THE Fox CANYON AQUIFER-.

BECAUSE OF GREAT FLEXIBILITY IN BLENDING, THE WATER DELIVERED
THROUGH THE MAIN PIPELINE COULD BE MAINTAINED AT A GOOD QUALITY LEVEL AT
ALL TIMES. IN ADDITION TO BLENDING, "sLugc~-Typg! DELIVERIES COULD BE MADE.,
FOR EXAMPLE, UNBLENDED HIGH QUALITY RESERVOIR RELEASES COULD BE SPREAD AT
THE EL RI0 SPREADING GROUNDS DURING LOW DEMAND PERIODS THEN PUMPED OUT
SEVERAL MONTHS LATER OY THE PRODUCTION WELLS ON THE SOUTHWEST SIOE OF THE
SPREADING GROUNDS. THE BETTER QUALITY Fox CANYON WATERS COULD BE PUMPED

FOR DIRECT DELIVERIES OR FOR BLENDING PURPOSES.,

MOUND BASIN

THE MounD BASIN OFFERS RELATIVELY FEW OPPORTUNITIES FOR DIRECT
GROUND WATER MANAGEMENT. THERE IS A MODERATE OVERDRAFT AT THE PRESENT TIME,
WITH ACCOMPANYING INTRUSION OF SEA WATER INTO THE SEAWARD EXTENSIONS OF THE
BAasAL UPPER PLEISTOCENE AQUIFERS. WATER QUALITY AVERAGES SOMEWHAT POORER
THAN IN THE OTHER DISTRICT BASINS. AsS THE CITY OF VENTURA EXPANDS INTO THE
MounD BASiIN, IT IS EXPECTED THAT INCREASINGLY MORE 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 BEAGCH WELLS, IT IS
ANTICIPATED THAT THE CiTY'sS DRAFT ON THE MoOUND BASIN WILL DEGCREASE (N THE
NEAR FUTURE AS THE BETTER QUALITY GRAVITY WATER FROM CAS|TAS ReEservoiIr 1s
MADE AVAILABLE. THE SuUPPLIES FROM CASITAS RESERVOIR ARE EXPECTED TO BE ADE—

QUATE UNTIL AFTER 1980, THERE 15 A HigH PROBABILITY THAT THE Mouno Basin wiLL
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EXPERIENCE NO SUBSTANTIAL INCREASE IN OVERDRAFT PrRIOR To 1980, IF WATER

OF BETTER QUALIfY WERE DESIRED IN PARTS OF THE Mounp BAS!N, IT COULD BE

DELIVERED FROM THE MoNTaALVO BAasIN THRoOUGH EXISTING PIPELINES OR NEW

DISTRIBUTION FACILITI!ES.

OXNARD AQUIFER

SEA-WATER INTRUSION INTO THE OXNARD AQUIFER NEAR PORT HueneEME

I8 THE MOST SERIOUS GROUND WATER PROBLEM [N THE DisTricT. THIS 15 CAUSED

BY EXCESSIVE PUMPING DRAFT AND AGGRAVATED BY SUBNORMAL DROUGHT RECHARGE.,

IT s ESSENTIAL THAT SEA-~WATER INTRUSION INTO THE OXNARD AQUIFER BE

STOPPED,

.

AND THAT STEPS BE TAKEN TO REVERSE THE LANDWARD MOVEMENT OF THE

SEA~WATER WEDGE. To acHlEVE SUCH AN OBJECTIVE, SEVERAL PROCEDURES HAVE

BEEN CONSIDEREDS
(1) INCREASING UNDERFLOW FROM THE MoNTALVO BasiNng

(2) CREATION OF A FRESH=WATER BARRIER BY
. THE INTRUDED AREA;

INJECTION WELLS LANDWARD FROM

(3) REDUGING 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 PERMITTED THE DISTRICT ToO OPERATE THE
‘SanNTa FeLicia~LoweR RIVER FACILITIES TO MAXIMUM ADVANTAGE, WITH A& RETURN

TO WETTER CONDITIONS, LARGE SUPPLIES WILL BE AVAILABLE FOR SPREADING [N

THE MoNTAaLvO Basin.

THE CREATION OF A FRESH=-WATER BARRIER BY A LINE OF INJECTION

WELLS SIMILAR TO THOSE IN THE WesT Basin oF THE Los ANGELES COASTAL PLAIN

HAS BEEN CONSIDERED AS A MEANS OF CURBING SEA-WATER INTRUS!ON AT PoRrT

HueNEME. To ENCIRCLE THE EXISTING SEA~WATER WEDGE WOULD REQUIRE A LINE

OF INJECTION WELLS ALMOST SIX MILES LONG. CAaPITAL cosTs FOR THE WEST

BASIN PROJECT HAVE AMOUNTED TO #186,000 per MiLE. Tue RECHARGE LINE AT
PORT HUENEME WOULD COST NEARLY %1,000,000. IN ADDITION TO THIS WOULD BE
THE COST OF WATER BROUGHT FROM INLAND AREAS FOR INJECTION. |T 1S VERY

DOUBTFUL THAT THE COSTS OF SUCH 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 « DisTriBUTION LINES FROM THE EL Rio
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SPREADING GROUNDS ARE CURRENTLY SUPPLYING WATER TO THE CiTies oF OxNaRD
AND PORT HUENEME, AND To HUENEME NavaL Base. ANOTHER LINE IN THE PLANNING

STAGES WILL SERVE THE Mugu NavaiL Base. JUST REGENTLY THE OCEAN VIEW WATER

SToRAGE DisTricT 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‘DISTR!BUTION OF WATER DEL{VERED
FROM INLAND,

THE SOURCES oF INLAND WATER USED WHEN AVAILABLE ARE AS FOLLOWS:

(1) oiveErRsions oF RISING WATER AT SATICOY;

(2) piveErRsions oF STREAMBED RELEASES FROM SanNTA FeEiLi1cia Dam;

(3) PUMPAGE FROM THE OXNARD AQUIFER 1N THE MONTALVO Basin.
BEcause THESE supPLiES MIGHT NOT ALWAYS BE AVAILABLE IN THE AMOUNTS NEEDED,
IT IS RECOMMENDED THAT WELLS BE DRILLED To THE Fox CANYON AQUIFER IN THE

MoNTALvVO Basin TO PROVIDE A SUPPLEMENTARY SUPPLY,. WHEN '‘RECOMMENDED

UPSTREAM FACILITIES ARE BUILT, THE ADDITIONAL WATER COULD BE SUPPLIED

THROUGHK THE MAIN PIPELINE FROM SanTa FeLicia Dam, SeEspe Creek SURFACE
STORAGE, AND THE SALT-BALANCE PUMPING.

CONSIDERATION HAS ALSO BEEN GIVEN TO THE FOSSIBILITY OF MAKING

UNDERGROUND STORAGE AVAILABLE IN THE SEMI-PERCHED ZONE SO THAT ADDITIONAL

FLOOD WATERS COULD BE SPREAD. THis woulp HAVE TO BE ACCOMPLISHED BY

PUMPING FROM SHALLOW WELLS. UNLESS A UsE COULD BE FOUND FOR THE BRACKISH

WATERS, THEY WOULD HAVE TO BE EXPORTED TO THE OCEAN. THE WATER couLD
POSSIBLY BE USED IN AN EXPERIMENTAL PLANT DESIGNED TO CONVERT BRACKI|SH
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 Canvyon AQUIFER IS HEAVILY PUMPED IN PLEASANT VaALLEY.
CURRENT OVERDRAFT IS ESTIMATED As8 19,000 ACRE=FEET PER YEAR. A PORTION
OF THIS OVERDRAFT WILL SOON BE OFFSET BY DEL[VERIES FROM THE MoNTAL VO
Bas!N To THE PLEASANT VALLEY CounTy WaTER DISTRICT IN THE AVERAGE AMOUNT

oF 8300 AGRE~FEET PER YEARe ALTHOUGH ON THE OXNARD PLAIN THE PUMPING FROM
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THE Fox CANYON AQUIFER HAS BEEN MINOR, THERE 18 LITTLE, IF ANY, UNUSED

SAFE YIELDs« FURTHERMORE, UNLIKE THE OXNARD AQUIFER, THERE IS5 NO POSSIBILITY
OF . .SUBSTANTIALLY INCREASING RECHARGE TO THE Fox CANYON AQUIFER. THE
MANAGEMENT OF THESE TWO AQUIFERS REQUIRES COMPLETELY DIFFERENT APPROACHES.
THE Fox CANYON AQUIFER IS MOST PRACTICALLY VIEWED AS A VERY LARGE RESERVE

OF GROUND WATER. THE FRESH WATERFHN STORAGE IN THE Fox CANYON AQUIFER
BENEATH THE OXNARD PrLaIN, 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 so. FoRr ManNY 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 [NVASION 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 EFFEGT OF THIS PUMPING'S CONTRIBUT{ON
TOWARD INDUCING 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 GCAN BE MADE
AVAILABLE FOR ALL USES ON THE COASTAL PLAIN OF THE DISTRICT UNTIL THE
ARRIVAL OF FEATHER RIVER WATER.

No RECOMMENDATION [S MADE THAT THESE RESERVES BE W{THDRAWN
INDISCRIMINATELY. THIS PUMPING CAN NOT SUBSTITUTE FOR WATER FROM SAFE
YIELD SOURCES. Evs?v EFFORT SHOULD BE MADE TO DEVELOP ALL EGCONOMICALLY
FEASIBLE UPSTREAM SGRFACE STORAGE. EVENTUALLY, SUPPLEMENTAL SAFE YIELD
WATER WILL BE REQU1§gD FROM THE FEATHER RIVER PROJEGT. UNTIL THE ARRIVAL
oF FEATHER RiVER WArgR, AVAILABLE SAFE Y!ELD SUPPLIES SUPPLEMENTED BY A

MODEST DRAFT ON VERY LARGE RESERVES, COULD SuPPLY ALL DisTrRICcT NEEDS.

VIi-9



APPENDICES

GLOSSARY

Acre-FooT. OnE ACRE-FOOT IS THE AMOUNT OF WATER REQUIRED TO CoveER 1
AZREZFO0T
ACRE 1 FOOT IN DEPTH = 43,560 cusic FEET = 325,851 gaLLong =

25,2083 MinER'S INCH DAYS. ONE ACRE=FOGT OF WATER WITH A TOTAL
DISSOLVED SOLIDS GCONGENTRATION OF 735 PARTS PER MILLION CONTAINS
”

I TON OF DISSOLVED SALTS. One ACRE-FQOT OF OIL FIlELD LIQuiD =

7764 BarReELS. )

ALKALINE. WATER oOR SCILS WHICH CONTAIN A SUFF{GCIENT AMOUNT OF ALKAL]}
A-RALVNE
sussTANCEsS (saLTs oF SODIuUM, POTASSIUM, MAGNES {UM AND CALCIUM)

PRESENT TO0 RAISE THE PH-vaLuEe ABOVE 7.0, OR TO BE HARMFUL TO THE
GROWTH QF CROPS.

ALituviaL Fan. A BoDy orF ALLUVIAL MATER!

AL DEPOSITED 8Y 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.

ALLUVIUM, STREAM DEPOSITS OF COMPARATIVELY RECENT GEOLOGIC TIME.
RLEvidM

ANTICLINE. A FoLD oR ARCH OF ROCK STRATA DIPPING IN OPPOSITE DIRECTIONS
—————
FROM AN AX[S,.

AQUIFER. A esEoLeGIC FORMATION OR STRUCTURE THAT TRANSMITS WATER [N
————
SUFFICIENT QUANTITY TO SUPPLY PUMPING WELLS OR SPRINGS,

ARTES AN HeEaD (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)-

AxlaL TRACE.. THE INTERSECTION OF THE AXITAL PLANE OF A FOLD WITH THE GROUND
SURFACE.

Base Periobp. A PERIOD CHOSEN FOR DETAILED HYDROLOGIC ANALYSIS BECAUSE
FPREVAILING CONDITIONS OF WATER SUPPLY AND CLIMATE WERE APPROXIMATELY

EQUIVALENT TO MEAN CONDITIONS, AND DBEGCAUSE ADEQUATE DATA FOR SUCH
HYDROLOGIC ANALYSIS WERE AVAILABLE,

CONFINED AQUIFER. AN AQUIFER WHICH 1S SURROUNDED BY FORMATIONS OF LESS
PERMEABLE OR IMPERMEADLE MATERI AL, WATER IS UNDER SUFFICIENT HEAD

TO CAUSE IT TO RISE ABOVE THE ZONE OF SATURATION IF THE AQUIFER (S
PENETRATED., ' '

ConsumpTIvE Use oF WATER. WATER CONSUMED AND EVAPORATED BY \

v

GROWTH , SOIlLy WATER SURFACES, URBAN AND NONVEGETATIVE TY
USE.
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ConnaTE WATER. WaTeER ENTRAPPED IN THE INTERSTICES OF a SEDIMENTARY ROCK
AT THE TIME THE ROCK WAS DEPOSITED.,

CONTAMINAT!ON. IMPAIRMENT OF THE QUALITY oF WATER BY SEWAGE OR INDUSTRI AL
WASTE TO A DEGREE WHICH CREATES a HAZARD TO PUBLIC HEALTH.



CoNTINENTAL DerosiT. SEDIMENTARY DEPOSITS LAID DOWN WITHIN 4 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 GEOPHYSICAL AND/QR GEOLOGIGCAL METHODS,

Cusic FeeT Per Seconp (Secono Feer). _ONE cuBlIC FOOT PER sSEcCOND IS
EQUIVALENT To 448,83 caLLons PER MINUTE, 50 MINERS INCHES (SOUTHERN
CaLiFoRrNTtA), 1.983471 acre-FEET PER DAY, OR 723.97 ACRE-FEET PER YEAR.

Cusic Foor. ONE cuBic FOOT CONTAINS 7.4805 GALLONS.,

DEGrRADATION. IMPAIRMENT OF THE QUALITY OF WATER DUE TO GAUSES OTHER THAN
DISPOSAL OF SEWAGE AND INDUSTRIAL WASTES.

DiasTRO®H{SM, THE PROCESSES BY WHICH THE CRUST OF THE EARTH IS DEFORMED,
PRODUC ING MOUNTAINS, FLEXURES AND FOLDS CF STRATA, AND FAULTS.

I P THE ANGLE AT WHICH A STRATUM IS INCLINED FROM THE HORIZONTALS

Draa. MinoRr FOLDING OF STRATA ALONG THE WALLS OF A FAULT IN WHIGH THE

"DRAG'" OF DISPLACEMENT HaS PRODUCED FLEXURES IN THE BEDS ON EI!THER
SIDE.

EFFECTIVE SALINITY. ThE RESIDUAL EQUIJVALENTS PER MILLION (OF CATIONS OR

ANIONS) WHICH CANNOT BE BOUND UP IN THE SALTS OF CALCIUM CARBONATE,
MAGNESIUM CARDONATE AND CALCIUM SULFATE,

EFFLUENT. SEWAGE, WATER, OR OTHER LiQUID, PARTIALLY OR COMPLETELY TREATED,
OR IN ITS NATURAL STATE, FLOWING OUT OF & RESERVOIR, OR TREATMENT
PLANT,; OR PART THEREOF.

ELEcTRIC LoGs THE LoOG OF A WELL OR BORE HOLE OBTAINED BY LOWERING
ELECTRODES IN THE HOLE AND MEASURING VARIOUS ELECTRICAL PROPERTIES
OF THE GEOLOGICAL FORMATIONS TRAVERSED,

EVAPOTRANSPIRATION. WaTER WITHDRAWN FROM THE SGIL BY EVAPORATION AND
PLANT TRANSPIRATION.

FauLT. A FRACTURE oOR FRACTURE ZONE ALONG WHICH THERE HAS BEEN DISPLACEMENT
OF THE TWO SIDES RELATIVE ToO ONE ANOTHER PARALLEL TO THE FRACTURE.

FauLT PLaNE. THE SURFACE ALONG WHIGCH MOVEMENT HAS TAKEN PLACE.

FauLt Scarp. THE CLIFF FORMED BY A FAULT. MosT FauLT SCARPS HAVE BEEN
MODIFIED BY EROSION SINCE THE FAULTING.

FauLT TraceE. 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 RUPTURES, ETC.

FauLt TrougH. A RELATIVELY DEPRESSED FAULT BLOCK LYING BETWEEN TWO FAULTS

WITH ROUGHLY PARALLEL STRIKES.

FieLp CarpaciTy. 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 WE|[GHT
OF DRY soiL.

FrRee WaATER TapLe. THE SURFACE OF A BODY OF‘GROUND WATER NOT OVERLAIN BY

IMPERVIOUS MATERIALS, AND MOVING UNDER CONTROL OF THE WATER TABLE SLOPE,
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GrRAvVEL=-PackeD WeELL. ARTIFICIAL ADDITION OF GRADED GRAVEL TO A WELL ToO

PRODUCE A NEARLY NATURAL SCREEN BETWEEN THE FORMATION (USUALLY FINE
SAND) AND THE PERFORATED CASING. :

HARDNESS. A CHARACTERISTIG OF WATER, CHIEFLY DUE TO THE EXISTENCE THEREIN
OF THE CARBONATES 'AND SULFATES OF CALCIUM, [RON AND MAGNESIUM, WHIGCH
CAUSES "CURDLING" OF WATER WHEN SOAP |S USED, AN INCREASED GCONSUMPTI|ON
OF SOAP, THE DEPOSITION OF SCALE IN BOILERS, INJURIOUS EFFECTS N

SOME [INDUSTRI AL PROCESSES, AND SOMETIMES OBJECTIONABLE TASTE IN THE
WATER.,

HEAD. THE DISTANCE ABOVE OR BELOW THE LAND SURFACE,

TC THE ELEVATION TO
WHICH THE WATER

IN AN ARTESIAN AQUIFER OR GROUND WATER BASIN WOULD

RISE, AT A GIVEN POINT OVER THE AQUIFER OR BASIN, IF FREE TO DO SO0.

Hyoraurtic CoNDUCTIVITY.

THE ABILITY OF A MATERIAL TO TRANSMIT WATER
(sEe PERMEABILITY).

HyorauLlc CONTINUITY. AQUIFERS, GROUND WATER BASINSy OR OTHER HYDRAULIC
SYSTEMS INTERCONNECTED IN SUFFICIENT DEGREE TO ALLOW THE MOVEMENT OF
GROUND WATER TO OCCUR FROM ONE TO ANOTHER OR PARTS THEREOF .

HyborauLIc GRADIENT. A PROFILE SHOWING
POINTS ON THE PROFILE. THE WATER
GRADIENTS OF FREE GROUND WATER,
CONFINED WATER.,

THE STATIC LEVEL OF WATER AT AL L
TABLE REGISTERS THE HYDRAULIGC
AND THE PIEZOMETRIC SURFACE THOSE QF

HYDROGRAPH. A GRAPHIC PLOT oOF CHANGES
LronUGRAPH

IN FLOW OF WATER OR IN ELEVATION
OF WATER LEVEL AGAINST TIME,

|MPERMEABLE.

Having a TEXTURE THAT DOES NOT PERMIT WATER TO MOVE THROUGH

IT PERCEPTIBLY UNDER THE HEAD DIFFERENGCES ORDINARILY FOUND

IN SUB~-
SURFACE WATER.

INCOMPETENT SEDIMENTS. MATERT AL WHICH LACKS SUFFICIENT FIRMNESS AND

FLEXIBILITY TO TRANSMIT PRESSURE FOR ANY DISTANCE.

INFILTRATION. THE FLOW OF A FLUID
OPENINGS; !T CONNOTES FLOW
POROUS SUBSTANGCE.

INTO A SUBSTANCE THROUGH PORES OR SMALL
INTO A SUBSTANCE RATHER THAN THROUGH A

INITIAL FALL SoiL MoisTuRrEe DeErFiciency.
RESTORE THE SOIL TO FIELD CAPACITY
(Octoser 1).

THE aAMOUNT oOF WATER REQUIRED TO
AT THE START OF A RUNOFF YEAR

MINER'S INGH. ONE MINER'S INCH is EQUIVALENT To 1/50 oF A SEcCOND FOOT

OR APPROXIMATELY 9 GaLLONS PER MINUTE. (SOUTHERN CALIFORNIA UNIT)

OVERDRAFT. THE EXTRAGCTION OF A QUANTITY OF wa
S YERORAFT

TER FROM A GROUND WATER
BASIN OR AQUIFER N EXCESS OF THE SAFE YIELDy, RESULTING IN A

DETRIMENTAL DEPLETION OF STORAGE IN THE BASIN.,

PERCHED WATER. GROUND WATER OCCURRING IN A SATURATED ZONE SEPARATED FROM
THE MAIN BODY OF GROUND WATER BY UNSATURATED ROCK.

PERCOLATION. FLow oF waTer THROUGH INTERCONNECTED ORENINGS OF SATURATED

GRANULAR MATERIAL'UNDER HYDRAULIC GRADIENTS COMMONLY DEVELOPED UNDER=-
GROUNDa




————tn
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PERMEABIL[TY. THE CAPACITY OF A WATER~BEARING MATERIAL TO TRANSMIT WATER.
THe PERMEABILITY COEFFICIENT S8 THE NUMBER OF GALLONS OF WATER PER
DAY THAT IS CONDUGTED LATERALLY THROUGH EACH MILE OF WATER~DBEARING

BED FOR EACH FOOT OF THICKNESS OF THE BED AND FOR EACH FOOT 'PER MILE
OF HYDRAULIC GRADIENT.

PH. HYDROGEN—ION CONCENTRATION. REPRESENTS THE WE!IGHT OF HYDROGEN }ONS
IN GRAMS PER LITER OF SOLUTION AND 1S EXPRESSED AS THE NEGATI!VE
LOGARITHM OF THE HYDROGEN |ON CONCENTRATION.

PHREATOPHYTE. PLANTS THAT HABITUALLY SEND THE!R ROOTE TO THE CAPILLARY
FRINGE AND FEED ON GROUND WATER.

PlezoMETER. A sMALL DIAMETER PIPE OR CASING DRIVEN INTO THE GROUND FOR
——————— e, .
MEASURING PRESSURE HEAD,

PiezoMeTRrIG SURFACE. THE SURFACE ToO WHICH THE WATER FROM A GIVEN AQUIFER
WILL RISE UNDER [TS FULL HEAD,

PLUNGE. VERTIGAL 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 UNREASONABLY AFFECTS SUCH WATER FOR BENEFICIAL
USkE.

PorosiTY, THE PROPERTY OF A ROCK CONTAINING INTERSTICES WITHOUT REGARD
TO SIZE, SHAPE, INTERCONNECTION, OR ARRANGEMENT OF OQOPENINGS. It 1s
EXPRESSED AS A PERCENTAGE OF TOTAL VOLUME OCCUPIED BY INTERSTICES.,

PumMping TrougH, AN IMAGINARY SURFACE INDICATING PRESSURE RELILEF CONDITIONS
IN A CONFINED AQUIFER DUE TO PUMP ING.

Reverseg FauLT. A FAULT aLonNG WHICH THE UPTHROWN BLOCK IS THRUST ON TOP OF
THE DOWNTHROWN BLOCK.,

Rising WATER. »GROUND WATER FORCED TO THE GROUND SURFACE BY A SUBSURFACE
BARRIER OR CONSTRICTION N THE TRANSMITTING AQUIFER.

SAFE YIELD. Max iMum PERENNI AL RATE OF EXTRACT!ON OF AN AQUIFER OR GROUND
" WATER BASIN WITHOUT LOWERING THE WATER LEVELS SO FAR AS TO MAKE
PUMPING UNECONOMICAL, CAUSING A SERIOUS DETERIORATION OF WATER QUALITY,
OR INTERFERING UNREASONADBLY WITH EXISTING WATER RIGHTS.

SALINITY. CONCENTRATION OF DISSOLVED SALTS IN A SOLUTICN, USUALLY MEASURED
BY SPECIFIC ELECTRICAL CONDUCTANCE..

SEA~-WATER WeEDGE., 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 CaAPACITY. THE NUMBER OF GALLONS OF WATER PRODUGED BY A PUMPING

WELL PER FOOT OF DRAWDOWN.,

SPECIFIC RETENTION. THE RAT!O OF THE VOLUME OF WATER WHICH A ROCK OR sSotL

WILL RETAIN AGAINST THE PULL OF GRAVITY TO I'TS OWN VOLUME,



e SPECIFIC YIELD. THE RATIO oOF THE VOLUME OF WATER A SATURATED MATERI!AL

i; . WILL YIELD BY GRAVITY TO ITS OwN VOLUME, AND IS COMMONLY EXPRESSED
AS A PERCENTAGE., GROUND WATER STORAGE CAPACITY I8 ESTIMATED AS THE

- PRODUCT OF THE SPECIFIC YIELD AND THE VOLUME OF MATERIAL IN THE

{: DEETH INTERVALS CONSIDERED,

SolL SoLUTION. WATER N THE S§O0IL ZONE INCLUDING GRAVITY WATER AND SOIL
[ MOISTURE.

STRIKE. THE COURSE OR BEARING OF THE OUTCROP OF AN INCLINED BED OR STRUCTURE
ON A LEVEL SURFACE.

. SUB—ALLUV(AL OQutcror. TRUNCATED OLDER STRATA EXPOSED B8Y EROSION AND LATER
: BURIED BY DEPOSITS OF ALLUVIUM.,

. SUBMARINE CaNnNYoN. AN ELONGATED, STEEP~WALLED CANYON RUNNING ACROSS OR
: PARTIALLY AGCROSS THE OFF~SHORE SHELF, THE BOTTOM OF WHICH GRADES
CONTINUALLY SEAWARD. '

> : SUBMARINE QuTtcrop. THE INTERSECTION OF A STRATUM WITH THE OCEAN FLOOR.

SYNCLINE. A FoLp 1IN ROCKS IN WHICH THE BEDS D}p INWARD FROM BOTH S|DES
—————
TOWARD THE AXiS,

THROW. THE VERTICAL COMPONENT OF DISPLACEMENT IN A FAULT.

THRUST FaurLT. A REVERSE FAULT THAT 1Is CHARACTERIZED BY A LOW ANGLE OF
— INCLINATION WITH REFERENCE TO A HORIZONTAL PLANE.

TRANSMISSIBILITY. AN EXPRESSION OF HYDRAULIC PERMEABILITY OF A MATERI AL,
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 HYDRAULIGC GRADIENT.

UNCONFORMITY. A suRFace OF EROSION THAT SEPARATES YOUNGER DERPOSITS FROM
OLDER ROCKS.

WATER~LEVEL CoNTOUR. A LINE OF EQUAL ELEVATION ON THE WATER=TABLE SURFACE.

WATER-TaABLE Ribge. A MOUND-SHAPED OR RIDGE~SHAPED ADDITION TO THE GROUND
' WATER BODY BUILT UP BY INFLUENT SEEFPAGE.

WaTER YearR (RunoFF YEAR)., A 12~MONTH PERIOD BEGINNING OCTOBER 7 AND
- ENDING SEPTEMBER 30 OF THE FOLLOWING YEAR.
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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 [RRIGATION WATERS
IN VENTURA COUNTY; APPENDIX F OF CALIFORNIA DEPARTMENT OF WATER
RESOURCES BULLETIN NO. 75.

CROWELL, J. C. = JANUARY 1952 —~ SUBMARINE CANYONS BORDERING CENTRAL
AND SCUTHERN CALIFORNIA: JOURNAL OF GEOLOGY, VoL 60, Noa 1,
PP, 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 ICAL UNTON, 17TH ANNUAL MEETING,
PART 11, pr. 465-471,

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 CALIFORNI. WATER PROBLEM [N THE
OXNARD AREA: GEOGRAPHICAL REVIEW, Vol . k2, No. 1, pr. 16-36.

HEM, JOHN B. - 1959 - STUDY AND INTERPRETATION OF THE CHEMICAL
CHARACTERISTICS OF NATURAL WATER: U. S. GEOLOGICAL SURVEY WATER
SUPPLY PAPER 1473, 269 pp,

HINDS, JULIAN - 1953 - INVESTIGATIONS, 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 CONSTRUGT!ON OF A WATER CONSER=
VATION SYSTEM: REPORT TO BOARD OF DIRECTORS, UNITED WATER
CONSERVATION DISTRICT.

INMAN, D, L. - JULY 1950 - SUBMAR INE TOPOGRAPHY AND SEDIMENTATION
IN THE VICINITY OF MUGU SUBMAR INE CANYON, CALIFORNIA: U. S.
ARMY CORPS OF ENGINEERS, BEACH EROS|ON 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 pp,

ISHERWOOD, J. D. ano PILLSBURY, A. F. - 1958 — SHALLOW GROUND WATER
AND TILE DRAINAGE [N THE OXNARD PLAIN: TRANSACT!ONS AMER | CAN
GEOPHYSICAL UNION, VoL. 39, No. 6, pp. 1101-1110., DISCUSSION BY
MAX BOOKMAN AND R. G. THOMAS, AND REPLY BY AUTHORS IN JOURNAL
OF GEOPHYSICAL RESEARCH, Voi. 6k, No. 7, JuLy, 1959, er. 857-
860,

JAMISON, R. H. - 1942 - CHANGE [N GROUND-WATER ELEVATION IN VARIOUS
PUMPING AREAS, VENTURA COUNTY, CALIFORNIA, 1928-1941: TRANS=
ACTIONS AMERICAN GEOPHYSICAL UNION, pp, 129-148,

KAPLOW, E. J. - 1948 - OXNARD OIL FIELD: CALIFORNIA STATE DIVISION
OF OIL AND GAS, SUMMARY OF OPERATIONS, VoL. 33, No. 2, pp. 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 TO THE
1951-53 REPORT ON HYDROLOGIC INVESTIGATIONS OF THE WATER RESOURCES
OF THE UNITED WATER CONSERVATION DISTRICT DATED APRIL 27, 1956,
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KELLY, W. P., LAURANCE, B. M. anp CHAPMAN, H. D. - JANUARY 1949 -
SOIL SALINITY IN RELATION TO IRRIGATION: HILGARD!A~CALIFORNIA
AGRICULTURAL EXPERIMENT STATION, VoL. 18, No. 18.

RIMBLE, J. C. ~ 1936 - 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 CONSERVATI ON 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 CONSERVAT!ON 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 CONSERVATION DISTRICT.

MANN, JOHN F., JR. - JANUARY 1954 - LOCATION OF NEW SPREADING GROUNDS
[N THE MONTALVO BASIN: REPORT TO BOARD OF DIRECTORS, UNITED
WATER CONSERVAT{ON 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 INVESTIGATION INCIDENTAL TO WATER
WELLS DRILLED BY CITY OF VENTURA IN PIERPONT BAY AREA: REPORT
TO SANTA CLARA WATER CONSERVATION DISTRICT, 31 pr,.

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 rp,

OXNARD PLANNING COMMISSION - 1952 - MASTER PLAN FOR THE CITY OF
OXNARD, REVISED,

PLANNING RESEARCH CORPORATION - SEPTEMBER 1957 - POPULATION STUDY AND
FORECAST, COUNTY OF VENTURA, CALIFORNIA: REPORT PREPARED FOR
VENTURA COUNTY BOARD OF SUPERVISORS, 190 re.

POLAND, J. F., GARRETT, A. A., anp 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, GALIFORNIA; REPORT
BY UNITED WATER CONSERVATION DISTRICT TO COMMAND ING OFF I CER,
U. S. NAVAL CONSTRUCTION BATTALION CENTER, PORT HUENEME.
DATED NOVEMBER 1L, 1956,



58. PRICE, WM. P., JR. ano ASSOCIATES ~ 1958 - FEASIBILITY REPORT,
PLEASANT VALLEY PROJECT, CALIFORNIA: PREPARED FOR PLEASANT
VALLEY COUNTY WATER DISTRICT. '

59. QUINTON_ENG!NEERS, LTD. - JUNE 1959 -~ LAND USE AND VALUATI-ON SURVEY
oF CALLEGUAS, LAS VIRGENES, OXNARD PLAIN AND SOUTH VENTURA LANDS,
62 pep.

60. 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.

61, SCHIFF, LEONARD - 1958 - MAINTENANCE~EL RO SPREADING GROUNDS; REPORT
TO UNITED WATER CONSERVATION DISTRICT. DATED JUNE 23, 1958,

62, SHARP, L. T. = 1956 — SANTA CLARA WATERSHED WATER QUALITY; REPORT
BY FRUIT GROWERS LABORATORY TO UNITED WATER CONSERVATION DISTRICT.
DATED DECEMBER 12, 1956, ’

63, SHARP, L. T. - May 1957 - WATER QUALITY IN THE UNITED WATER CONSERVA-
TION DISTRICT AND POTENTIAL IMPROVEMENT OF QUALITY BY DAM
STORAGE OF STORM WATERS,

6L, SOIL CONSERVATION SERVICE, UNITED STATES DEPARTMENT OF AGRICULTURE -
’ 1953 - GROUND WATER REPLENISHMENT BY PENETRATION OF RAINFALL,
IRRIGATION AND WATER SPREADING IN ZONE 3: REPORT TO BOARD OF
SUPERVISORS, VENTURA COUNTY FLOOD CONTROL DISTRICT.

65. TROXELL, HAROLD C, - 1957 - WATER RESOURCES OF SOUTHERN CALIFORNI A
WITH SPECIAL REFERENCE TO THE DROUGHT OF 1944-51: y, S.
GEOLOGICAL SURVEY, WATER SUPPLY PAPER 1366, pp. 92-103,

66. UNITED STATES SALINITY LABORATORY, UNITED STATES DEPARTMENT OF
AGRICULTURE - 1954 - DIAGNOS IS AND IMPROVEMENT OF ALKALINE
SOILS:  AGRICULTURE HANDBOOK NO, 60, 160 e,

67, WILCOX, L. V. ano MAGISTAD, 0. C. =~ 1943 - INTERPRETATION OF [RRIGA~
TION WATERS AND THE RELATIVE TOLERANCE OF CROF PLANTS;
MIMEOGRAPHED BY U. s. REGIONAL SALINITY LABORATORY,

68, | WILDE, G. . anp LONG, N. S. - 1953 - HYDROLOGIC INVESTIGATION OF
THE WATER RESOURCES OF THE UNITED WATER CONSERVATION DISTRICT.

69. WRIGHT, WILLIAM T. - APRIL 1948 - DRAINAGE SURVEY, VICINITY OF THE
CITY OF OXNARD, CALIFORNIA: REPORT T0 BOARD OF SUPERVISORS,
VENTURA COUNTY FLOOD CONTROL DISTRICT, 46 pp,



