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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 HMANAGEMENT”,
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. iann 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. ilann 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 Geclogical Union, where he has served on the
Ground Water Research Committee since 1955, He was. listed in
American Men of Science in 1956.

Dr. Mann is the author of many pub!icaﬁions 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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SerTEMBER 1, 1959

BoarD oF DIRECTGRS

UNiTED WaTER CoONSERVATION DisTRICT : )
333 WesTt HARVARD STREET

SanTAa Paura, CaLIFORNTA

Dear Sirs:

ATTACHED 1S MY REPORT ON THE GROUND WATER RESOURCES OF THE DIisTRICT
AS AUTHORIZED BY OUR LETTER AGREEMENT DATED OcToBtErR 29, 1957 WHICH WAS
APPROVED AND accePTED DecemBeErR 10, 1957. .

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

| WOULD LIKE TO ACKNOWLEDGE ESPECIALLY THE EXCELLENT COOPERATION OF
MrR. PrRiceE, 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

GeoroeisT, BurT A. BaBcock.

VERY TRULY YOURS,

%Z%M, /
JoHN F. Mann, JR.
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SUMMARY

THE WATER RESOURCES OF THE UNITED WATER CONSERVATION DISTRICT ARE
ADEQUATE TO SuUPPLY ALL oF THE DiIsTRICT'S NEEDS UNTIL FeEaTHER RIVER

WATER 1S MADE AVAILABLE.

FOR MaX!IMUM FLEXIBILITY IN THE OPERATION OF THE PROPOSED PLANy T
IS RECOMMENDED THAT EVERY EFFORT BE MADE TO HAVE THE IMPORTED SUPPLE-

MENTAL SUPPLIES DELIVERED FOR STORAGE BEHIND SANTA FELIC1A Dam.

THE MAJOR GROUND WATER PROBLEMS OF THE DISTRICT ARE THE FOLLOWING:
(A) EX1STING AND FUTURE OVERDRAFTS ON THE COASTAL PLAINS

(8) ADVERSE SALT BALANGCE IN THE FILLMORE AND SANTA PauLa Basins
AND, TO A LESSER EXTENT, IN THE PIRU Basing

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

THE PROPOSED PLAN OF GROUND WATER MANAGEMENT |INCORPORATES THE FOLLOWING

FEATURES:

{A) A MAIN PIPELINE DOWN THE SANTA CLARA RIVER VALLEY FROM
SanTa Fericia Dam 1o THE MonTALvo Basing

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

(¢) SALT~BALANCE PUMPING IN THE LOWER ENDS OF THE FILLMORE AND
SAaNTA PauLa BASINS AND EXPORT THROUGH THE MAIN PIPELINE;

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

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

(F) DELIVERY OF SALT-BALANCE WATER To MoNTaLvo BasinN FOR SPREADING
OR DIRECT DELIVERIES; QUALITY UPGRADING |F NECESSARY WITH
RESERVOIR RELEASES]

(e¢) EXPANSION OF DISTRIBUTION FACILITIES ON THE OXNARD PrLAIN;

{(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
WITHDRAWAL FROM EXTENSIVE FRESH-WATER RESERVES IN THE Fox
CaNnYoN AQUIFER IN MonTAaLvO Basin.
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CHAPTER I
INTRODUCTION

THE UNITED WATER CONSERVATION DISTRICT

- TQE”UNITED wATER CONSERVATION.DISTRICT 1S ENTIRELY WITHIN VENTURA
CounTy AND INcLUDES (1) THE VvALLEY OF THE SANTA CLARA RIVER ALMOST TO THE
Los AncELES CouNTY LiINE, AND (2) ESSENTIALLY ALL OF THE COASTAL PLAIN
(PLate 2). THE DISTRICT WAS ORGAN(ZED [N DEceEMBER 1950 UNDER THE WATER
ConservaTioNn DisTrRICT AcT oF 1931, STATE oF CALIFORN/A, AS AMENDED, IT

SUCCEEDED AN EARL!ER DISTRICT, THE SANTA CLARA WATER CoNserRvaTioN DISTRICT,

WHICH HAD BEEN SET up IN DeceEmMBErR 1927. THE EARLIER DISTRIGCT OPERATED

SPREADING GROUNDS AT SaTicoy, SanTa PaurLa, AND PIRU AND ENGAGED IN OTHER
EXPERIMENTAL SPREADING ACTIVIT!ES. DurRING THE 25 YEARS OF EXISTENCE UNDER
THE ADLE GUIDANGCE OF ITS ENGINEER, Y. M. FrReEEMAN, MORE THaN 400,000 AcRE=
FEET OF WATER WERE REGHARGED TO THE UNDERGROUND=-=WATER THAT WOULD OTHER=
WISE HAVE WASTED TO THE OCEAN, THE SANTA CLARA DISTRICT ALSO COLLECTED

A LARGE AMOUNT OF HYDROLOGIGC DATA, ESPECIALLY WITH REGARD TO AREAS OF
SEA-WATER LINTRUSION,

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

CONSERVAT!ON DISTRICT WAS FORMEDes THE SaANTA 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 GCOMMENCED UNDER THE DIRECTION OF JULIAN
HinDs, GeNERAL MaNAGER AND CHIEF ENGINEER, AND A REPORT WAS COMPLETED I[N
THE FaLL oF 1952 RECOMMENDING THaAT ToraTora DamM, SanTa Fertcia Dam, ano
DIVERSION AND CONSERVATION WORKS DOWNSTREAM ON THE SanNTa CLara RIVER BE
CONSTRUCTED AT A cosT oF $18,500,000. In THE ELECTION oF DecemMper 16, 1952,

THE DOND PROPOSAL FAILED TO PASS. A SECOND REPORT IN SEPTEMBER 1953
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REGOMMENDED SaNTa FeELiciA DaM AND LOWER RIVER FACILITIES, TO COST
$10,939,000. THE LATTER PROPOSAL FOR A BOND ISSUE WAS PASSED IN THE
ELECT[ON oF OCTODER 17, 1953, AND CONSTRUCT!ON WAS COMPLETED DURING 1955.
IN 1957, UN!TED s APPL(CATION FOR A PERMIT TO STORE WATER AT
THE TOPATOPA SITE WAS PROTESTED OY THE CaLLEGuAs MunticipaL WaTER DisTrICT,
WHIGH 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 Decision
D-884 paTep January 17, 1958 THE STATE WATER RiGHTS BOARD GRANTED THE
PERMIT FOR STORAGE AT THE TOPATOPA SITE TO THE CaALLEGUAS MuNiciPAaL WATER
DisTRicTe UNITED !S CURRENTLY APPEALING THE DECISION UNDER A WRIT OF
MANDAMUS e

PREVIOUS MAJOR INVESTIGATIONS

DETAILED WATER RESOURCE STUDIES IN VENTURA COUNTY STARTED IN
1927. |InN AUGUST OF THAT YEAR FIELD WORK WAS STARTED DY THE STATE Division
oF WATER RESCURCES LEADING IN 1933 TOo THE PUOLICATION OF BULLETIN 46
(ReFerence 10, seE BIDBLIOGRAPHY). FOLLOWING THE COMPLETION OF BULLETIN
L6, THE COLLECTION OF DASIC HYDROLOGIC DATA WAS FORTUNATELY GONTINUED DY
THE NEWLY FORMED VENTURA CoUNTY WATER SURVEY: THESE VOLUMINOUS, CONTINUOUS
RECORDS OF THE VENTURA COUNTY WATER SURVEY HAVE PROVED OF INVALUADLE HELP
IN ALL SUOSEQUENT 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 POSSIBILI{TY OF SEA-WATER I[N=
TRUSION, CAME INCREASED CONCERN OVER WATER SUPPLIES. HaAROLD CONKLING,
ConsuLTinGg ENGINEER, WAS RETAINED BY THE SANTA CLARA WATER CONSERVATION
DiSTRICT, AND THE REPORT ON THIS [NVEST[GATION WAS GCOMPLETED IN 1947
(REFERENCE 25). HE waS LATER RETAINED OY THE VENTURA COUNTY Froop ConNTROL
DiISTRICT; THE SEGOND REPORT WAS COMPLETED IN 1949 (RerF. 26). ComPRE=-
HENSIVE HYDROLOGIC STUD!ES WERE MADE BY THE STAFF OF THE UNITED WATER
ConservaTion DisTRICT DURING 1951-53 uNnNDER THE DIRECTION OF JuLiaN HiNDsS,
THEN GENErRAL MaNAGER AND CHIEF ENGINEER OF THE DISTRICTe THESE STUDIES
WERE SUMMARI|ZED IW WHAT W!LL BDE CALLED HEREIN THE WILDE-LONG REPORT
(REFe 68). DURING THE SAME PERIOD THE STATE Division OF WATER RESOURCES

WAS PREPARING BULLETIN 12, WHICH WwAS COMPLETED IN OcTOBER 1953 AND REVISED



iN APriL 1956 (ReF. 23). REVISIONS AND UPDATING OF UNITED'S INVENTORY
METHODS WERE MADE PRIMARILY DY RAYy Y. KAwaANO, AND THE REPORT DATED APRI!L
1956 wiLL BE REFERRED TO HEREIN AS THE Kawano rRerorT (RerF. 43),

THE OXNARD PLAIN PORTION OF THE DISTRICT, éSPECIALLY, WAS STUDIED
oy THE U. S. BUREAU OF RECLAMATION STARTING IN 1954, RESULTING IN A
RECONNAISSANGE REPORT DATED June 1955 (ReF, 4), A MORE DETAILED STUDY
FOLLOWED, LEADING TO A PROPOSED REPORT DATED May 1958 (RerF. 5). THE LATTER
REPORT WAS RELEASED FOR OFFICIAL REVIEW ONLY, AND HAS NOT YET DEEN APPROVED.

OBJECTIVES OF PRESENT INVESTIGATION

THE PRESENT INVESTIGATION FOLLOWS A NUMBER OF EXCELLENT, DETAILED
STUDIES, ALL OF WHICH DEPENDED, TO A LARGE EXTENT, UPON THE SAME DBASI!C
DATA» UNDER THESE GONDITIONS, CLAIMS TO ORIGINALITY ARE NECESSARILY
LIMITEDe THE OVERALL OBDJECTIVE-—-GROUND WATER MANAGEMENT=--=!S PERHAPS
DIFFERENT. OSPECIFICALLY, THE PRESENT STUDY HAS INVOLVED THE FOLLOWINGS
(1) A REFINEMENT OF THE GROUND WATER GEOLOGY OF THE DisTRICT,
IN ORDER TO ANALYZE THE INFLUENCE OF THE GEOLOGIC COM=
PLEXITIES ON GROUND WATER MANAGEMENT};
(2) A RE=CALCULATION OF THE DISTRICT'S GROUND WATER INVENTORIES
ON THE DBASIS OF THE REFINED GEOLQGIC FRAMEWORK]S
(3) A DETAILED STUDY OF GROUND WATER QUALITY TO SPELL OUT THE
INFLUENCE OF POOR QUALITY WATERS ON CONTINUED dROUND WATER
DEVELOPMENT}
(4) A DESCRIPTION OF THE CURRENT STATUS OF SEA=WATER INTRUSION,
AND THE DEVELOPMENT OF A GENERAL PLAN FOR GCOMBATING [T
GENERAL DESCRIPTION OF DISTRICT
TOPOGRAFPHY AND DRAINAGE

THE SanTa CLara RiIVER RISeEs IN Los ANGELES COUNTY FAR TO THE
EAST OF THE DISTRICT AND FLOWS WESTERLY TO THE PaciFic OceEaNe 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 DASIN RANGE
up To 8826 FEeT AT MounT Pinos. ALMOST 90 PER CENT OF THE ENTIRE DRAIN-
AGE BASIN IS RUGGED TOPOGRAPHY; THE REMAINDER [S OCCUPIED BY THE VALLEY
FLOOR AND THE COASTAL PLAINe FRrROM EAST OF THE DISTRICT EASTERN BOUNDARY,

WESTERLY TO SaTicoy, THE SanTa CrLara RIVER FLOWS IN A FAIRLY BROAD, OUT
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DEEP TROUGH. SOUTH OF THIS TROUGH IS THE STEEP FRONT OF THE SOUTH
MouNTAIN=OAK RIDGE UPLIFT, RISING IN PLACES MORE THaN 2000 FEET ABOVE THE
VALLEY FLOORs. THE NORTH SLOPES OF THE TROUGH ARE GENERALLY MUCH LESS
PRECIPITOUS, ALTHOUGH THE ELEVATIONS ATTAINED ARE CONSIDERABLY GREATER.
ALMOST ALL OF THE RUNOFF, AND ALL THE MAJOR TRIBUTARIES COME FROM THE
NORTH SIDEe THI!S ASYMMETRY OF DRAINAGE HAS EXERTED A MARKED CONTROL ON THE
DEVELOPMENT OF THE TROUGH. THE ALLUVIAL FAN DEPOSITS DEDBOUGCHING FROM THE
NORTH SIDE HAVE PERSISTENTLY PUSHED THE SaNTA CLARA RIVER TOWARD THE SOUTH
SIDE OF THE TROUGH. ONCE CLEAR OF THE END OF SOUTH MOUNTAIN AT SATICOY,
THE SaNTA CLara RIVER HAS BEEN FREE TO SWING OVER THE ENTIRE OXNARD PLAINS
ON THE NORTH, THE SWING HAS DEEN LIMITED BY THE SOUTH=SLOPING ALLUVIAL
FANS DER|IVED FROM THE HILLS TO THE NORTHj ON THE EAST, THE SWING HAS BEEN
LiMITED BY THE CAMARILLO HILLS AND THE HARD ROGKS OF THE SaNTA Monica
MouNTAaINS AT PoiNT Mucue THE OXNARD PLAIN 1S CONSIDERED TO COINCIDE WITH
THESE DBROAD ALLUVIAL FAN DEPOSITS OF THE SanTa CLARA RIVER,.
GEOLOGY

THE GEOLOGIC FEATURES OF THE DISTRICT HAVE EXERTED A STRONG
POSITIVE CONTROL ON THE TOPOGRAPHY. THE YOUNG, SOFT ROCKS UNDERLIE THE
TOPOGRAPHICALLY LOW AREAS} THE OLDER, HARDER ROCKS STAND UP KN DBOLD RELIEF,
ALmosf WITHOUT EXCEPTION, THE AGRICULTURAL AREAS OF THE DiSTRICT ARE ON
ALLUVIAL MATERIALS WHIGCH [N TURN OVERLIE THE SAN PEDRO FORMATION. ONE
MILLION OR SO YEARS AGO, DURING A TIME REFERRED TO AS THE LowWeER PLEISTOCENE,
THE SaN PEDRC FORMATION WAS DEPOSITED, PARTLY IN THE OCEAN, AS A SHEET
COVERING THE ENTIRE DISTRICT AND FOR SOME DISTANCE BEYOND, THESE GRAVELS,
SANDS, AND CLAYS WERE ACCUMULATED TO A MAXIMUM THICKNESS OF PERHAPs 7000
to 8000 FeeT. DurinNG MIODLE PLEISTOCENE TIME, THE SAN PEDRO FORMATION WAS
UPLIFTED, FOLDED, AND FAULTED ON A TREMENGOUS SGALE. FROM THE HIGH AREAS.
THE SaN PEDRO FORMATION WAS COMPLETELY REMOVED BY EROSION. STREAMS SOUGHT
OUT THE DOWNFAULTED AND DOWNFOLDED STR{PS OF SOFT ROCK AND CONTINUE TO
FLOW IN THESE STRIPS TODAY. SUCH A STRIP OF SOFT ROCK IS OCCUPIED DY
THE SanTa CLARA RIVER. EXGEPT IN THE EXTREME EASTERN FEW MILES OF THE
DisTRICT, THE RIVER OVERL!ES A FAULTED AND SYNGCLINALLY FOLDED STRIP OF
RELATIVELY SOFT SaN PEDRO FORMATION., EVEN THE LOW AREA OF THE COASTAL
PLAIN 1S TO A LARGE EXTENT CONTROLLED OY THE DISTRIBUTION OF THE San PEDRO

FORMATIONs
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THE GEOLOGIC FORMATIONS OCCURRING WITHIN THE DisTRIGT ARE
GIVvEN ON TapoLe [-1. DETAILED DISCUSSIONS OF IMPORTANT AQUIFERS ARE [N=-
CLUDED IN THE DISCUSSIONS OF THE (NDIVIDUAL GROUND WATER bAsgNs."Foa
A MORE COMPLETE TREATMENT OF THE GENERAL GEOLOGY THE READER IS REFERRED
TO THE EXCELLENT MATERIAL PRESENTED IN CALIFORNIA STATE WATER RESOURCES
Boaro ButLeTtn 12 (ReF. 23), .
GROUND WATER BASINS ; ﬂ
THE UPSTREAM GROUND WATER BASINS ARE FROM EAST TO WEST: PIRU,

FiLimMore, anD SanTa Paura (PLaTe 2). THese ARE ESSENTIALLY THE S AME
GROUND WATER DASINS AS ORIGINALLY DELINEATED IN 1933 |8 CALIFORNIA
Diviston oF WaTer Resources BurLeTin 46 (ReF. 10). ON THE COASTAL PLAIN,
HOWEVER, INCREASING INFORMATION SiNCE 1933 HAS RéQulRED CONS IDERABLE
MODIFICATION OF THE BULLETIN 46 BOUNDARIESe. [N THE PRESENT REPORT THE
GASIN DOUNDARIES ON THE COASTAL PLAEN ARE MUCH THE SAME AS THOSE GIVEN
IN CALIFORNIA STATE WATER RESoURcES Boarp 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 GONDITIONS EXIST, CALLED THE
OxNARD FOREDAY BasIN IN BuLLeTin 12, AND THE MonTaLvo Basin IN DisTrICT
REPQRTS? (2) THE OxNARD PLAIN BASIN WHERE GROUND WATER |5 UNDER PRESSURE,
NOoRTH OF THE SANTA.CLARA RiveER 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 DRILL!NG
ouJECTxyE 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 DISTRIGT INCLUDES MOST OF PLEASANT
VALLEY, AND PARTS OF THE CaMarRiLLO HitLs anD THE WEST Las Posas aAREA
(PLaTE 17), -
GENERAL GROUND WATER HYDROLOGY

V SURFAGCE FLOWS ENTER THE UPPERMOST (PIRU) BASIN ALONG THE SANTA
CLarA RivER aND PIRU CREEK THROUGH ROGKY CANYONS WITH LITTLE ALLUVIAL
FilLLe ReCHARGE To PIRU BaSIN IS LARGELY FROM PERCOLATION OF THESE

SURFACE FLOWS, LESSER AMOUNTS OF RECHARGE TO THE PIRU BasSIN, AS WELL
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REGENT

UpPeRr
PLEIsSTOCENE

Lower
PLersToceENE

UrpPeER
PLioceENE

PLtocenEe

MioceENE

EocenEe

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

NamMe

RECENT ALLUVIUM

CLay Carp
OXNARD AQUIFER
TeERRACE DEPOSITS

BasaL GraveLs

Mugu AQUIFER

UrPER SaAN PEDRO
San Peoro ForMaTION

Fox Canyon AQUIFER

GrRIMES CaANYON
AQuUIFER

SaNTA BARBARA
ForMaTiON

Ptco ForRMATION

MooeLo FORMATION

SANTA MARGARITA
FORMATION

TorpanGa FORMATION

VAQUEROS FoRMATION

SESPE FORMATION

AQuUuiFER DeEscrRIPTION aND LocATION

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

SILTY CLAYS AND SANDS BENEATH OXNARD
PLaiNe

COARSE GRAVELS AND SANDS==MAIN SHALLOW
AQUIFER DBENEATH OxnNarRD PLAIN.

CLAaYs, SOME SANDS AND GRAVELS IN UP-
STREAM BASINS aND MouND BasiNe.

GRAVELS WITH INTERBEDDED CLAYS JUST BE=-
NEATH OXNARD AQUIFER, AND IN MoOUND AND
Santa Paura Basins.

LocaL SAND AND GRAVEL LAYER [N THE Mucu
AREA. PROBABLY A LOCAL PHASE OF BASAL
GRAVELSa

LENTIGCULAR GRAVELS OF THE COASTAL PLA[N.
Apove Fox CaANYON AQUIFER.

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

GRAVELS AND SANDS WITH CLAY LAYERS. NEAR
BASE OF SaN PEDRO FORMATION BENEATH
Oxnaro PLatn, PrLEasanT VarLey, CaMarRILLO
HiLLs, ano WesT Las Posas.

LocAL SANDS AND GRAVELS NEAR TOP OF
SANTA BaRDARA FORMATION IN PLEASANT
VaLLey, CamMariLto HiLLs, anp WEsT Las
Posase

NONWATER BDEARING,
NCNWATER=-CEARING.
NONWATER=DBEARING»

NONWATER=DEARING,.

SMALL QUANTITIES OF WATER [N VOLCANIC
ROCKS.

NONWATER~BEARING»

VERY SMALL QUANTITIES OF WATER



As TO THE FiLLMorRE, SaNTA Pauia, anND MoNTALVO BASINS, ARE DERIVED FROM
DEEP PENETRATION OF RAINFALLas GROUND WATERS LEAVING THE PiRU BASIN FLOW
WESTERLY INTO FlLLﬁO§é BAasIN, PARTLY AS UNDERFLOW, AND EXCEPT AT THE END
OF VERY DRY PERIODS, PARTLY AS RISING WATERs. RECHARGE TO THE FILLMORE
BASIN ALSC RESULTS FROM PERCOLATION OF FLOOD FLOWS OF THE SanTa CLARA
RivER AND OF SeEsrE CREEK. THROUGHOUT MOST OF [TS LENGTH, Sesre CREEK
FLOWS THROUGH A ROGCK CHANNEL, AND THERE IS LITTLE PERCOLATION OF THE
FLOWS ONTIL THE WATERS REACH THE FILLMORE BASIN. GROUND WATERS LEAVE
THE FIlLLMORE BasIN as UNDERFLOW.AND AS RISING WATER. THIS RISING WATER
{S PERENNIAL, THOUGH FALLING TO VERY LOW FLOWS NEAR THE END OF PROLONGED
DRY PERIODS, UNDERFLOW FROM FILLMORE BASIN, AND PERCOLATION OF RISING
WATERS, SaANTA CLaARA RIVER FLOOD FLOWS, AND SANTA PauLa CREEK FLOOD FLOWS
CONSTITUTE THE SOURCES OF RECHARGE TO THE SANTA Pauta Basin. |

UNDERFLOW AND PERCOLATION OF RISING WATER FROM SanTa Pavura
BasStN ARE IMPORTANT CONTRIBUTORS TO MONTALVO BAsiN. MORE IMPORTANT,
THOUGH, IS THE PERCOLATION OF FLOOD FLOWS ALONG THE SANTA CrLarA RIVERa
BevonD MoNTALVO BRIDGE THERE IS LITTLE FURTHER PERCOLATION,; AND THE FLOCD
FLOWS REMAINING ARE WASTED TO THE OCEAN.

UNDERFLOW OUT OF MoONTALVO BASIN GOES N THREE DIRECTIONS:
(1) I1NTO THE OXNARD AQUIFER BDENEATH THE OxnarD PLain; (2) InTo THE Fox
CANYON AQUIFER GENEATH THE OxNarD PrLaINj anp (3) InNTO THE MounD BaSINa
ApDDITIONAL RECHARGE To THE Fox CANYON AQUIFER BENEATH THE DISTRICT OCCURS
AS UNDERFLOW FROM THE EAsT anD WesT Las PosAsS AREAS. . UNDER NATURAL CON=
DITIONS GROUND WATER FLOW WAS PREDOMINANTLY SEAWARD. HEAVY CVERPUMP NG
HAS RESULTED IN LOGAL FLOW FROM THE OCEAN TOWARD THE CENTERS OF PUMPINGe
SQILS

A solL SURVEY OF THE ENTIRE DISTRICT AREA EXGCEPT THE PIRU
BasiN was MaDE purRinGg 19071 by THE Bureau oF SoiLs, U. S. DEPARTMENT OF
AcricULTURE (REF. 6)e A MORE DETAILED SURVEY OF ALL OF THE DISTRICT'S
AGRICULTURAL LANDS WAS MADE BY THE BUREAU oF SorLs 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 MATER!AL
"CHANGES OR INTERNAL MODIFICATIONS SINGCE THEIR DEPOSITION, AND WHICH ARE

STILL IN PROCESS OF FORMATION, AND (2) OLD VALLEY-FILLING AND COASTAL
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PLAIN SOILS, GONSIST|NG OF ELEVATED AND WEATHERED UNCONSOL/DATED WATER=
LALD DEPOSITS. EACH OF THESE GROUPS REPRESENTS A NUMOER OF SOIL SERIES,
AND.éﬁéﬁ.éERlES IS>§EP§EéE&fEDYBY ONE OR Mééé sofL f??és. “MOST'O; THé
SOILS ARE FAIRLY PERMEADBLE AND DRAIN EASILYe SOIL PROBLEMS I[N THE
DisTRICT ARE NOT SERIOUS. PRIOR TO AGRICULTURAL DEVELOPMENT MUCH OF THE
OxNaArRD PLAIN HAD ALKALINE SOILS DUE TO HiIGH WATER-TADLE COND{TIONS.
AFTER THE INSTALLATION OF TILE DRAINS, AND LEACHING, THE SOILS WERE
EXTREMELY PRODUCTIVE. BECAUSE OF HIGH PERMEABILITY SALTS DO NOT ACCUMU=
LATE I[N THE SCILS DUT ARE CARRIED DOWNWARD. THE MAINTENANCE OF GOOD PER~-
MEACILITY !S ESPECIALLY FAVORED OBY LOW SODIUM WATERS THROUGHOUT THE
DisTrRICT.

CLIMATE _

THE CLIMATE OF THE DISTRICT IS QUITE MILD. AVERAGE ANNUAL
TEMPERATURES RANGE FROM ADOUT H59°F NEAR THE COAST TO PERHAPS BT°F INLAND,
ON THE COASTAL PLAIN THE MAXIMUM TEMPERATURE Is ABout T00°F aND THE
MINEMUM ONLY SLIGHTLY.DELOW FREEZINGs FROSTS ON THE GOASTAL PLAIN ARE
UNCOMMON. INLAND, MAXIMUM TEMPERATURES ARE HIGHER, MINIMUM TEMPERATURES
ARE LOWERy 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 WINTER. ALMOST
ALL OF THE PRECIPITATION OCCURS IN THE DECEMBER~-TO-MARGCH 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 LLONG CLEAR PERJODS DETWEEN STORMS,

THE AMOUNT OF RAINFALL FROM YEAR TO YEAR IS HIGHLY VARIABLE, AND DURING
THE 85 YEARS OR SO THAT RAINFALL MEASUREMENTS HAVE DBEEN MADE, THERE HAVE
BEEN PRONOUNCED PERIODS OF DRY YEARS FOLLOWED BY PERIODS GF 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. IN WATER RESOURCE STUDIES, A SUFFICIENTLY LONG
PERIOD MUST BE TAKEN TO ASSURE THAT CONDITIONS STUDIED ARE FAIRLY RE-
PRESENTATIVE OF AVERAGE LONG~TERM CONGCIT{ONS. RaiNFaLL AT SanTa PauLa

sinceE 1888 s GiVEN ON PLATE 3.
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COLLECTION OF DATA

THE UN;TED WATER CONSERVAT!ON DIsTRICT HAS BEEN AN ACTIVE

01LL~PRODUCING AREA FOR MANY DECADES. BEGCAUSE OF THIS EGCONOMIGC IMPETUS

THE SURFACE GEOLOGY HAS DEEN MAPPED AND RE-MAPPED MANY TIMES. THE
DETAILS OF THE SURFACE GEOLOGY WERE COMPILED ForR BuLLeTIN 46 (Rer. 10)
AND IN A MUCH MORE REFINED WAY FOR BuLteTiN 12 (ReEF. 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 SUDSURFACE DETAILS, MUCH SUDSURFACE DATA HAD BEEN COLLEGTED DURING
THE BULLETIN 46 aND BuULLETIN 12 STUDIES. ALL AVAILADLE WELL LOGS WERE
OBTAINED FROM THE STATE DEPARTMENT OF WATER RESOuRCES, VENTURA COUNTY
DivisioNn oF WaTER ReEsourRces, anD THE U, S. GeEotogicaL SurRVEY GROUND
WATER BRANCH. FROM THE STATE DIVISION oF OIL AND Gas, MAPS WERE OBTAINED
SHOWING THE LOGCATIONS OF ALL OlL WELLS AND WILDCAT WELLS WITHIN THE
DisTricT. MoOST OF THE MAJOR OIL COMPANIES OPERATING WITHIN THE DIsTRICT
WERE CONTAGTED FOR INFORMATION, USUALLY ELECTRIC LOGSe [HEY WERE VERY
COOPERATIVE AND RELEASED MANY ELEGTRIC LOGS, USUALLY JUST THE UPPER
PART OF THE LOG, TO THE DBASE OF FRESH WATER. M0oST OF THE DEEP WELLS
DRILLED BY THE Mipway DriILLING CoMpaNYy oF OXNARD DURING THE LAST FIVE
YEARS HAD ELECTRIC LOGS AVAILABLE, AND THESE WERE ODTAINEDe 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 SUuRVEY (Now WATER RESOURCES
Division, DEPARTMENT OF PuBLic WORKS) SINCE THE BULLETIN 46 sTuDiES.
THESE EXTENSIVE ANH CONTINUQUS WATER-LEVEL MEASUREMENTS, WHICH ARE KEPT
FLOTTED UP~TO~DATE, ARE THE SOURCE OF THE HYDROGRAPHS USED [N THE PRESENT
REPORT. NUMEROUS WATER=LEVEL MEASUREMENTS WERE MADE DURING 1951-53 ov
THE STATE DivisioM 0F WATER RESOURCES IN THE GCOURSE OF THE BuLLeETIN 12
lNQéST:GAT(ON; SbMEVEX&ELLENTVWATER—LEVELVRECORbé AREVAQA{LAbLé IN THE

FILES oF THE SanTa CLarRAa WATER CONSERVATION DISTRICT. SOME OF THE WELLS



ARE MEASURED ON A MONTHLY BDASIS, SOME WEEKLY, AND SOME HAD WATER=-STAGE
RECORDERS FOR LONG PER}ODS OF TIMEs UNITED HAS CONTINUED, IN PART, THE
SanTa CLARA DISTRICT PRoéRAM. WEEKLY MEASUREMENTS OF WATER LEVELS ARE
MADE BY DASE PERSONNEL FOR THE WELLS OF BoTH THE Mugu ano HueNeEME NavalL
Basess MANY OTHER MEASUREMENTS, ESPEC|ALLY.FOR WELLS IN THE COASTAL
AREA, ARE AVAILADLE AT THE Lone BEeEacH ofFFIcE oF THE Us S. GEOLOGICAL
SurvEY, GROUND WATER BRANCH,.

THE FIRST COMPILATION OF WATER QUALITY DATA FoR THE DISTRICT
WAS THAT WHICH APPEARED IN STATE DIvision oF WATER RESOURCES BULLETIN
L6a (Rer. 11) THE 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 INTRUSICN DURING THE LATE FORTIES BY THE SaANTA CLara WATER
ConservaTION DIsSTRICT, aND Oy THE U. S. Georoaicak Survey (RerF., 56).
From 1951 To THE PRESENT TIME, THE WATER SAMPLING PROGRAM HAS JEEN MUCH
MORE SYSTEMATICe PERIODIC SAMPLING OF BOTH SURFAGE WATERS AND WELL
WATERS 1S CURRENTLY BEING UNDERTAKEN 0Y THE STATE DEPARTMENT OF WATER
REsourceEs, VENTURA CounTY WATER ReEsources Diviston, anD BY THE UNITED
WATER CONSERVATION DisTRICTa MoST OF THE EARLIER ANALYSES WERE MADE OY
THE FRUIT GROWERS LABORATORY, AND MANY CAN BZ FOUND IN REPORTS PREPARED
oy L. T. Suware (ReFs. 32, 62, 63). ALMOST ALL OF THE SURFACE WATER AND
GROUND WATER ANALYSES DATING FROM AFTER BULLETIN 46A WERE COMPILED AND
RECENTLY RELEASED AS APPENDICES TO STATE DEPARTMENT OF WATER RESOURCES
BuLLeTIn 75 (ReF. 18).
NUMBERING SYSTEMS

CURRENTLY IN VENTURA COUNTY, TWO WELL NUMBERING SYSTEMS ARE
USED. THE ORIGINAL GRID SYSTEM, DEVELOPED DURING THE BULLETIN 46 |nN~=
VESTIGATION, UTILIZES DLOCKS TWO MILES ON A SIDE. THESE BLOCKS ARE
NUMBERED FROM WEST TQO EAST AND LETTERED FROM NORTH TO SOUTH. WITHIN
EACH BLOCK (AREA FOUR SQUARE MILES) A WELL IS ASSIGNED A NUMBER AS
LOCATEDs THUs wWELL T10-R-57 wouLD 0E THE 57TH WELL ASSIGNED A NUMDER
WITHIN THE 10-R 0LOCK. THERE IS NO INDICATION FROM THE NUMBER AS TO THE

POSITION OF THE WELL WITHIN THE FOUR-SQUARE-MILE AREAs
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THE MORE REGENTLY DEVELOPED NUMBERING SYSTEM IS THAT EMPLOYED
By THE U. S. GEOLOGICAL SURVEY AND ADCPTED BY THE STATE DEPARTMENT OF
WATER RESOURCES. THIS SYSTEM UTILIZES THE TOWNSHIP, RANGE AND SEGTION
SUCDIVISION OF THE FEDERAL LAND SURVEYe. AREAS NOT ACTUALLY SURVEYED
INTO SECTIONS WERE DIVIDED DURING THE BULLETIN 12 INVESTIGATION BY
EXTENDING THE GRID INTO THESE AREAS. IN TH{S SYSTEM, EACH SECTION (S

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

D c B | A
3 F G | H
M Lo} ok J
N p Q | R

WiTHIN EACH 4O-AGCRE PLOT THE WELLS ARE NUMBERED IN ORDER, AS LOCATED.
[F A WELL IS DESIGNATED As 3N/20W-11N1, IT is LocATED IN SeEcTionN 11 OF
TownsHiP 3 NorRTH, Range 20 WeEsT. IT IS FURTHER LOCATED IN THE "N" PrLoOT,

i

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

DiSTRICT ARE REFERENCED TO THE SAN BERNARDINO Base anp Merinian (S.B.B.M.).

IN ASSIGNING LETTERS TO WELLS, THE NORTHEAST CORNER IS FIXED. |F A
SECTION IS SMALLER THAN 640 ACRES, THE WEST AND SOUTH LETTERED PLOTS ARE
REDUCED IN SI1ZE OR ELIMINATED. |IN UNUSUALLY LARGE SECTIONS, THE WEST
AND SOUTH ROWS OF LETTERED PLOTS ARE EXPANDED. |

IN THE PRESENT REPORT, THE UeSeG.S.~STATE SYSTEM WILL 0OE USED.
LOCATING A WELL I[MMEDIATELY TO THE NEAREST 40 ACRES HAS BEEN FOUND TO
BE A DISTINCT ADVANTAGE. FOR MANY REASONS {T 1S RECOMMENDED THAT THE
DtSTRICT GRADUALLY SWITCH fo THE UeS+eGuaSe~STATE SYSTEMe THIS SYSTEM
HAS DECOME STANDARD IN THE ENTIRE STATE OF CALIFORNIA AND [S USED ALSO
IN MANY OTHER STATES BY STATE ORGANIzZATIONS anD THE U. S¢ GeEOLOG!GAL
SurvEY. THE CaLIFORNIA DEPARTMENT OF WATER RESOURCES 1S CURRENTLY
ADAPTING THIS NUMBERING SYSTEM TO PROCESSING OF HYDROLOGIC DATA [N
COMPUTING MACHINES. . TO..ASSLST . IN..CHANGING FROM. VENTURA COUNTY NUMBERS TO

STATE NUMDERS, THERE IS NOW AVAILADLE A PUDLISHED 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 AGRICULTURAL AREAS OF
THE UNniTED WaTER ConservaTioN DisTRiCcT. THE BOUNDARIES ARE AS GI!VEN
IN PLaTeE 4. THE EASTERN DOUNDARY IS PLACED 0.7 STREAM MILES DELOW
THE VENTURA COuUNTY GAGING STATION AT Brue CuT, AT A PLACE WHERE THE
ALLUVIUM 1S THIN AND UNDERLAIN BY NONWATER~-DEARING ROCKS., JTHE
WESTERN BOUNDARY MUST BE SELECTED ON A SOMEWHAT ARBITRARY BASIS, ABOUT
WHERE THE VALLEY REAGHES. A MINIMUM WIDTH. IN THE VICINITY 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 DERPTHS OF THOUSANDS OF FEET.
THE REMAINDER OF THE BDOUNDARY 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 PIrRu CREEK AND
THE SanTta CLara RIVER. INCLUDED WITHIN THE PIRU BASIN ARE THE TERRACES
ALONG THE SOUTH SIDE OF THE RIVER IN SECTIONS 29, 31, ano 32, TiN, R18W,
ALTHOUGH THE AQUIFERS BENEATH THESE TERRACES ARE AT TIMES NOT !N FREE
HYOROLOGIGC CONTINUITY WITH THE MAIN ALLUVIAL WATERS. AS S0 DEFINED,
THE PiRU BasiN covERS aN AREA OF 7025 acrReEs. FOR PURPOSES OF COMPUTING
RAINFALL PENETRATION, A SOMEWHAT LARGER AREA OF 8285 AcREs Is ‘USED
(PLaTE 4). WITHIN THE ADDITIONAL, PERIPHERAL AREAS, THE PENETRATING RAIN
WATER, SUPPLIED ONLY I[N 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 HoPPeER CREEK HAS ERODED INTO HARD ROCK MEAR |TS MOUTH, AND SUGH
RAINFALL AS MAY PENETRATE IS CONSIDERED TO ENTER THE GROUND WATER BDASIN
AS SURFACE FLOW.
GROUND WATER GEOLOGY

GeneEraL GeEoLOGY

BroaDLY SPEAKING, THE PiRu BasiN IS A REACH OF THE EXTENSI!VE

=1



: ) - y -RIBWIRITWY
RIOW|RISY g B creek | / \ -
) — ] \
, < ZB IR '
3 . 7 jrg/ ( " 25 - 22 23 24 19 \‘
N ,
2l 2z 23 o 24 /NS S A : - o .
: 1/ N S 1\7)}/ “PIR| — v &\,
A ([ / \\r\/ jfl’ 2, \._/'( —Ly
R H LA T g Approx. Easteri AN
hEN // o sP Boundary Son| | @ GAGING . ¥ 'C.
[+ \ S 000 Gl Pedro Formefign | CAMULOS - Ry t STAT,;Q"('"‘"“\‘“
S [~ oy ~——] b A * o
317 ALY 30 = S &0 o
=8 = l\27 5ot é}' ? GAGING STATION — 1 J/ NEL /Q?)c
_ AW - _(}'L/’/—/"_Rﬁef/ | cur “‘\’6_Z
L Fsm"s <o | = o [t \
@ - ¢ 0. \
A HATCHERY | _—i— | OQQ"_ clote ((“, y
gl ’ T W santa / N #\ - - S\
FILLMORE}~+=. ey 25 TTTgg . \\ JEz - 33 34 3l 3z \
BasiN| | 3970a TRidge®? Foun =2 _ 1 Y / \
e | ' 1 — - TJ\ i !
, DN B' I T4N \
AN Y —1 1 TaN" \
P N j
: - GROUND WATER BASIN BOUNDARY
2000 O 10000 l]\ IDEX MAP

SCALE IN FEET

PIRU BASIN

RAINFALL PENETRATION BOUNDARY
FAULT TRACE

LINE OF GEQLOGIC SECTION




THE MOUTH OF FAalRvIEW CANYON RESTRIGTS THE RIVER SOMEWHAT, BUT THERE

SEEMS LITTLE DOUBT THAT THE RIVER NEAR THE WESTERN BASIN BOUNDARY HAS

LN THE PAST REACHED CLOSE .TO.THE NORTH. WALL.

THE.RECENT ALLUVIUM DEPOSITED BY THE-SANTA CLARA River Is
PRIMARILY COARSE SAND AND GRAVEL. FELSEWHERE IN THE Piru BasIN THE RECENT
ALLUVIUM CONTAINS LAYERS OF MUCH LOWER PERMEABILITY. THESE FINER-GRAINED
LAYERS, INCLUDING SOME éLAYs, PROBABLY REPRESENT ANCIENT INTER-STREAM
OR INTER=~FAN AREAS. I[N MANY PLACES NORTH OF THE PRESENT GCHANNEL OF
THE SanTa CLaRA RIVER, THESE CLAYS HAVE CAUSED A PERCHED CONDITION, AND
THE PERGHED WATERS ARE TYPICALLY OF INFERIOR CHEMICAL QuUALITY. THOUGH
THEY APPEAR IN MANY PLACES, THE SHALLOW CLAY LAYERS ARE NOT GCONTINUOUS,
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 PIRuU BasiIn, THE RECENT
ALLUVIUM BECOMES DEWATERED DURING A PROLONGED PERIOD OF DRY YEARS. As
A RESULT OF THI!S DRAINING, SOME SHALLOW WELLS HAVE GONE ORY. FORTUNATELY,
HOWEVER, THE RECENT ALLUVIUM ALMOST EVERYWHERE IN THE PI1RU Basin 1Is
UNDERLAIN BY DEEPER AQUIFERS, AND WATER CAN BE OBTAINED AT SOMEWHAT
GREATER DEPTHS. ‘

THE peEPOSITS OF OLDER ALLUVIUM INCLUDE THOSE LAID DOWN BY THE
Santa CLARA RIVER AND TRIBUTARIES DURING AN EPISODE DISTINCTLY PRIOR TO
THAT OF THE RECENT ALLUVIUM., THE OLDER ALLUVIUM FILLS BURIED CHANNELS
DEEPER THAN THOSE OGCUPIED BY THE RECENT ALLUVIUM AND 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 SECT!ONS 29,
31, ano 32, TLN, R18W. THROUGHOUT MOST OF THE REMAINDER OF THE BASIN
THE OLDER ALLUVIUM OCCURS AS A LAYER OF VARIABLE THICKNESS DENEATH THE
Recent atruvium. On THE CaMuros RancH, N SecTion 27, TLN, R18W, THE
OLDER ALLUVIUM HAS A THICKNESS OF ABouT 80 FEET. AT THE STaTE FIsH
HATCHERY, RECENT ALLUVIUM LIES DIRECTLY ON THE SAN PEDRO FORMATION, AND
OLDER ALLUVIUM 1S ABSENT. ~HowEVER, IN THE DBURIED ALLUVIUM=FILLED GHANNEL
SOUTH OF THE STATE FisH HATCHERY, THE BoTTOoM 40 FEET OF FILL IS ASSIGNED

TOo THE OLDER ALLUVIUM. THE UPPER PART OF TH!S ALLUVIAL FILLy WHICH
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BLANKETS THE ENTIRE WIDTH OF THE BASIN AT THE BASIN BOUNDARY, 1S CONS|DERED
RECENT ALLUVIUM. ALTHOUGH THE ABSENCE OF OLDER ALLUVIUM AT THE STATE

Frsu HATCHERY MAY BE DUE TO NON~DEPOSITION, A MORE LIKELY EXPLANATION

18 THAT THE OLDER ALLUVIUM WAS DEPOSITED, THEN LATER REMOVED BY EROSION.

IN THE CENTRAL PART OF THE BASIN, SOUTH AND WEST OF THE TOWN OF PIRU,

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

AS COMPARED WITH THE RECENT ALLUVIUM, THE OLDER ALLUVIUM IS
CHARACTER{ZED DY MORE LAYERS OF CLAY, ESPECIALLY YELLOW TO BROWN !N COLOR.
DurtnGg OLDER ALLUVIAL TIME T IS SUGGESTED THAT THE INFLUENCE OF THE
THROUGH=FLOWING RIVER WAS LESS IMPORTANT THAN NOW, AND THE DEPOSITS FROM
THE SIDE TRIBUTARIES WERE MORE EXTENSIVELY DEVELOPED.

OLDER ALLUVIUM OVERL!ES TRUNCATED LAYERS OF THE San PEDRO
FORMATION EVERYWHERE IN THE PIRU BASIN EXCEPT AT THE EASTERN END, WHERE IT
OVERLIES THE NONWATER-BEARING PICO FORMATION,

DURING PROLONGED DROUGHTS THE OLDER ALLUVIUM BEGCOMES GOMPLETELY
DEWATERED IN THE AREA SOUTH AND WEST OF THE TOowN 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 EVIDENCE 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 PER1IOD,

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 PicO FORMATION UNDERLIES THE OLDER ALLUVIUM. HERE
DURING DROUGHT PERIODS ONLY THE LOWER PART OF THE OLDER ALUVIUM IS
SATURATED, AND THIS IS THE ONLY SOURCE OF SUPPLY TO WELLS.

San PEDRO AQUIiIFERS

As USED IN THIS REPORT, THE TERM 'San PEDRO AQUIFERS! REFERS
TO THE PERMEADLE SANDS AND GRAVELS IN THE HIGHLY FoLDED LoweErR PLEISTOCENE .

MATERIALS WH!CH OVERLIE THE PLIOCENE P1c0 FORMATION OR THE SANTA BARBARA

- FORMATION.---NEAR -THE BASE OF -THE -FORMATION-~I-S--A~-GROUP -OF MARINE-LAYERS

SOMETIMES CaLLED THE Las Posas FORMATION. BENEATH THE FIRU BASIN, THESE

BASAL MARINE LAYERS HAVE A THICKNESS OF agcocuT 1000 FEET. THE THICKER
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OVERLYING SEQUENCE OF LAYERS, COMMONLY CALLED THE SAUGUS FORMATION, IS
OF CONTINENTAL DEPOSITION. |IN THE ELECTRIC LOG OF ONE OiL WELL, LAYERS
OF APPARENT SAN PEDRO LITHOLOGY CONTAINING RELATIVELY FRESH WATER EXTEND
To a4 pEPTH OF 8800 FEET. THIS UNUSUALLY GREAT INFERRED THICKNESS MIGHT
BE EXPLAINED BY STEEPLY D!PPING 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
BAasiN, THEY ARE NOWHERE IN THIS BASIN EXPOSED AT THE SURFACE. THESE
AQUIFERS ARE PRESENT IN WELL 4N/18W~28C1 cuT IN NO WATER WELLS FARTHER
EAST. THE APPROXIMATE EASTERN LIM!T OF THE SAN PEDRO FORMATION BENEATH
THE BLANKETING ALLUVIUM 1S SHOWN ON PLATE 4. THE EASTERN PART OF THE
Piru BasinN, HOWEVER, 1S VERY COMPLEX GEOLOGICALLY, AND GONCE!VABLY THE
LIMIT COULD DE 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 BasIN BENEATH THE San CaveTano and QOak Ripge
FauLTs (SecTion B-B', PLATE 5). AN EAST-WEST CROSS—SECTION ALONG THE
MAJOR SYNCLINE BENEATH THE PIRU BASIN 1s sHowN IN SecTtion A-A' ofF PrLaTeE 5.
FROM THE APPROXIMATE EASTERN LIMIT, THE BASE OF THE SaAN PEDRO FORMATION
PLUNGES STEEPLY TO A PROBABLE DEPTH OF 8800 FeeT InN THE NW 1/L4, SecTion
30, TUN, R18W. To THE WEST THé BASE REMAINS AT GREAT DEPTH, ALTHOUGH
THERE 1S PRODABLY 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 PiRrRU Basin, THE SanN 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, THICK CLAYS ARE INTERBEDDED WITH
THE GRAVELLY AQUIFERS, AND ARTES{AN COND!T!ONS ARE PRODUCED.

WATER WELLS TAP NUMEROUS SAN PEDRO AQUIFERS OVER MOST OF THE
Piru BasiN. TOTAL DEPTHS RANGE FRoM 300 To 650 FEET, AND WELL YIELDS
ARE AS HIGH AS 3000 GALLONS PER MINUTE. SPECIFIC CAPACITIES GENERALLY
exceeb 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 THILCK.CLAYS.AND. IN

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

THE PIRU BASIN IS RECHARGED MAINLY BY PERCOLATION OF SURFACE
FLOWS ALONG THE CHANNELS OF THE SANTA CLarRA RtveErR, PrrRu CrReEek, HoPrPER
CREEK, AND SMALLER TRIBUTARIES., THE PERCOLAT!ON OF THE PiRrU CREEK
FLOWS 1S AUGMENTED BY DIVERSIONS INTO THE PIRU SPREADING GROUNDS. DurinNG
YEARS OF HEAVY RAINFALL, SOIL MOISTURE DEFICIENCIES ARE EXCEEDED AND LARGE
VOLUMES OF WATER ARE RECHARGED THROUGH RAINFALL PENETRATION. ON soME
OF THE SANDIER SOILS IRRIGATION WATER 1S APPLIED VERY LIBERALLY AND THE
EXCESS 1S 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 PIRuU, STipL SMALLER,
INTERMITTENT UNDERFLOWS SEEP THROUGH THE SMALL TRIBUTARY ALLUVIUM AND
FROM TERRACE DEPOSITS. LEAKAGE FROM THE TERTIARY ROCKS DIRECTLY INTO THE
MAIN ALLUVIUM |S CONSIDERED TO BE INSIGNIFICANT.
BASIN OQUTFLOW

A LARGE AMOUNT OF UNDERFLOW LEAVES THE PiRU BASIN NEAR THE
StaTe FisH HATCHERY MOVING THROUGH BOTH THE ALLUVIUM AND THE SaN Pszoro
AQUIFERS. BECAUSE OF THE SLIGHT DECREASE IN WIDTH OF THE VALLEY, BOTH
THE ALLUVIAL AQUIFERS AND THE San PEDRO AQUIFERS SHOW A HORIZONTAL
CONSTRICTION. 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 IS CHARACTERIZED BY THE GENERAL WESTERLY
MOYEMENT OF GROUND WATER, CONFORMING TO THE SLOPE OF THE ALLUV!AL SURFACE.
DURING WET™ YEARS, THE WATER TABLE RISES WITHIN THE BLANKETING ALLUVIAL
DEPOSITS AND THE SIMPLE WESTERLY FLOW IS EVIDENT FROM THE WATER~LEVEL
conTours (PraTe 6A). TOWARD THE END OF A SERIES OF DRY YEARS, A LARGE
AREA OF THE ALLUVIAL DLANKET 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 DBASIN
(Prate 6B). To THE NORTH, AFTER THE ALLUVIAL DEPOSITS ARE DRY, THE

PUMPING PROGRESSIVELY REMOVES WATER FROM STORAGE IN THE SAN PEDRO AQUIFERS.
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ALLUVIAL STRIP OF THE SanTa Crara RiIVER, THE MOUNTAINS FLANKING THI!S

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

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

COMPLETELY OBSCURED 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. [N THE DROAD WESTERN PART OF THE PiIRu
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 OaKk RiDegeE FauLT. THESE COMPLEX GEOLOGIC CONDITIONS
ARE DEP!ICTED ON SeECTiOoN B-B' oF 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 GOMPRESSION APPEAR AS OVERTURNED
TERTIARY 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, HoprPer CREEK, AND MINOR STREAMS
COMING FROM THE NORTH. NeEaR BrLue CuT, AT THE EASTERN BOUNDARY OF THE
BASIN, ALLUVIAL DEPOSITS ARE PROBABLY NO MORE THAN A FEW TENS OF FEET THICK.
OVER MOST OF THE REMAINDER OF THE BASIN, THE THICKNESS OF THE RECENT
ALLUVIUM IS IN THE RANGE oF 60 To 80 FEET. T APPEARS TO ZE THICKEST IN
SecTion 27, TLN, R18W, WHERE THE PROBAGLE GASE IS AT A DEPTH oF 80 FEET.
THERE 1S A GRADUAL THINNING TO THE WEST. SOUTH AND WEST OF THE TOWN OF
PIRU THE AVERAGE THICKNESS s agouT 70 FEET, WHEREAS AT THE WESTERN BASIN
BOUNDARY SOUTH OF THE STATE FIsH HATCHERY, THE THICKNESS 1S ABouT 60 FEeET.

THROUGHOUT RECENT ALLUVIAL TIME THE DEPOSITS OF THE SANTA
CLARA RIVER HAVE DEEN RESTRICTED TO THE SOUTHERLY PART OF THE BASIN.
BECAUSE OF THE SOUTHWARD-~SPREADING DEPO0OSITS OF PIRU CREEK AND THE FAN OF

HopreER CRrREEK, THE SANTA CLARA RIVER HAS NOT BEEN FERMITTED TO SWING INTO

"THE NORTHERN PART OF THE BASIN. WEST OF THE HoPPER CREEK FAN, HOWEVER,

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

FROM ONE SIDE OF THE VALLEY TO THE OTHER. THE PRESENT ALLUVIAL FAN AT
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DurinG THESE DRY YEARS THE SaN PEDRO AQUIFERS APPEAR TO DE ISOLATED FROM
POTENTIAL ALLUVIAL RECHARGE. UNWATERING OF THE TILTED PERMEADBLE ZONES
IN THE SAN PEDRO FORMATION CONTINUES UNTIL A YEAR SUFFICIENTLY WET TO
PRODUCE FLOW THROUGH THE OVERLYING ALLUVIAL BLANKET (PLaTe 6C). From
THE SATURATED ALLUVIAL MANTLE THE WATER QUICKLY MOVES DOWNWARD AND FILLS
THE AVAILABDLE STORAGE SPACE |N THE SAN PEDRO AQUIFERS.

ONGE WITHIN THE SAN PEDRO PERMEADLE ZONES THE WATER MOVES

PREDOMINANTLY IN A WESTERLY DIRECTION, ALTHOUGH THERE MAY BE SOME SOUTHERLY

AND NORTHERLY COMPONENTS OF FLOW.AS THE WATER MOVES DOWNWARD TOWARD THE
AX1S OF THE SYNCLINE. FLUSHING BY FRESH WATERS HAS APPARENTLY EXTENDED
TO GREAT DEPTHS, FOR AN ELECTRIC LOG INDICATED THE PRESENGCE OF LOW
SALINITY waTERS 8800 FEET DELOW THE GROUND SURFACE N LAYERS DELIEVED
TO HAVE BEEN DEPOSITED IN OCEAN WATER. '

OVER MANY PARTS OF THE PIRU BaAsIN, ESPECIALLY ALONG THE SANTA
CLara RIVER,; WATER ORIGINATING FROM STREAMFLOW, RAINFALL, OR IRRIGATION
RETURN MAY MOVE DOWNWARD FREELY FROM THE GROUND SURFACE TO JOIN THE MAIN
WATER B80DY. I[N PLACES IN THE NORTHERN PART OF THE DBASIN SUCH PERCOLATING
WATERS ARE PERCHED ON CLAY LAYERS WITHIN THE REGENT 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 DBODY. THE RESULT IS AN INCREASED AMOUNT OF WATER
WHICH SHOULD BE CLASSIFIED "IN TRaNsiT". HOWEVER, NO MODIFICATION SEEMS
NECESSARY I[N THE GENERAL VIEW THAT THIS IS A BASIN GHARAGCTERIZED DY 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 PIRuU BasIN WHERE RECENT
AND OLDER ALLUVIUM OVERLIE NONWATER=-DEARING PICO FORMAT!ION. 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 IS 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 PERI0DS 1947-51 ano 1952-57 1s EVIDENT, BUT THERE IS SUGGESTED

ALSO A BALANCE BETWEEN RECHARGE, AND PUMPING PLUS DRAINING, FOR DEPLETION
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BELOw ELEVATION 580 APPEARS TO BE ACCOMPLISHED ONLY WITH DIFFICULTY
UNDER EXISTING CONDITIONS OF DEVELOPMENT.,

FARTHER DOWNSTREAM IS5 WeELL 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 PERIOD
OF THE EARLY FORTIES (1941-47), WATER LEVELS WERE HIGH AND THE DASAL .
ALLUVIAL DEPOSITS REMAINED SATURATED. DUE TO PUMPING AND NATURAL DRAINING
THE ALLUVIAL DEPOSITS WERE UNWATERED. CONTINUED PUMPING DURING THE PER}OD
1947~51 UNWATERED THE UPPER PART OF THE SAN PEDRO AQUIFERS. THE SHARP
DROP DURING THIS PERIOD REFLECTS LOW AVERAGE SPECIF|C YIELBS AND RELATIVELY
MINOR RECHARGE. IN EARLY 1952, RECHARGING WATER MOVED THROUGH THE
ALLUVIAL DLANKET, FILLED THE UNWATERED PORTIONS OF THE SaN PEDRO AQU!FERS
AND PRODUCED A SHARP RISE IN WATER LEVELS. |HOUGH CONSIDERADBLE [N VOLUME,
THIS REPLENISHMENT WAS BARELY SUFFICIENT TO REFILL THE DEPLETED STORAGE
IN THE SAN PEDRO AQUIFERS. LITTLE EXTRA WAS AVAILABLE FOR KEEPING THE
BASAL ALLUVIUM SATURATED, AND CONSEQUENTLY A NEW CYCLE OF San Pepro
UNWATERING STARTED IMMED!ATELY AND CONTINUED To 1957. THE RECOVERY IN
1958 waAs ALMOST AS GooD AS IN 1952.

TyPiGAL OF THE WATER-LEVEL FLUCTUATIONS NEAR THE WESTERN BOUNDARY
OF THE PIRU BASIN ARE THOSE SHOWN BY WELL UN/19W=-33J1(PLATE 7). ALTHOUGH
THIS HYDROGRAPH BEARS A RESEMBLANCE TO THAT OF weLL 30G2, THE DIFFERENCES
ARE SIGNIFICANT. IN THE WESTERN AREA, NOT ONLY 1S THE RANGE OF WATER-
LEVEL FLUGTUATIONS OF SMALLER MAGNITUDE, BUT THE WATER LEVELS REMAIN
HIGH IN THE ALLUV{AL DEPOSITS., JHE PERSISTENTLY HIGH WATER LEVELS REFLECT
THE REDUCED CROSS~SECTIONAL AREA OF PERMEADLE MATERIALS THROUGH WHICH
THE UNDERFLOW MUST MOVE. DURING A PROLONGED DROUGHT PER!OD 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 OF 1947-51 was LESS THAN IN THE INTERMITTENTLY RECHARGED
ALLUVIAL AREAS WHERE THERE |S HEAVY PUMPING FROM THE SaN PEDRO AQUIFERS.
BECAUSE OF THE STRONG UNDERFLOW COMING FROM THE SanNTA CLaARA RIVER
ALLUVIUM IN 1952 anD 1958, THE REGCOVERY WAS ESSENT!ALLY COMPLETE} IN
CONTRAST WITH THIS IS THE INCOMPLETE RECOVERY OF WELL 30G2 1N 1952 anD

In 1958,

THE UNUSUAL HYDROGRAPH OF WELL 4N/18W-29P5 (PLaTe 7) INDICATES
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A DBODY OF GROUND WATER WHICH S NOT FREELY CONNECTED WITH THE MAIN ALLUVIAL
DEPOSITS., THI!S WELL IS PERFORATED ONLY IN TERRAGCE DEPOSITS RELATED TO
STREAMS ENTERING THE PIRU BASIN FROM THE SOUTH. DURING THE WET YEARS
1941-44 WATER LEVELS REMAINED HIGH, THOUGH REFLEGTING HEAVY DRY SEASON
PUMPING. |T IS SUGGESTED THAT DURING THESE YEARS THERE WAS GOCOD LATERAL
RECHARGE FROM SATURATED GRAVELS UPRSLOPE TO THE SOUTH. DEPLETION COMMENCED
tN 1944 AND GENERALLY HAS CONTINUED TO THE PRESENT. THE RECOVERIES I[N
1952 anD IN 1958 SHOULD HAVE DEEN BETTER I|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 CONSIDERABLY BETTER.
STORAGE CAPACITY

THE STORAGE CAPACITY OF THE AQUIFER MATERIALS WAS CALCULATED
BY APPLYING UNIT SPECIFIC YJELD VALUES TO THE LITHOLOGIES OBTAINED FROM
WATER WELL LOGS. JTHE UNIT SPECIF|C YIELD VALUES USED ARE GIVEN I[N
TaoLe {1=1, WITHIN GEOLOGICALLY HOMOGENEOUS CELLS, EACH INCLUDING A GROUP
OF WELLS, AVERAGE SPECI!FIC YIELD VALUES WERE ASSIGNED TO EACH 25-Foo0T
INTERVAL BELOW THE MAXIMUM WATER SURFAGE, WHICH WAS ASSUMED TO HAVE
OCCURRED IN THE SPRING oF 1944, THE sToraGE DEPLETION curve (PraTe 8)
WAS CONSTRUCTED BY RELATING HISTORIC WATER-LEVEL ELEVATIONS OF WELL
UN/18W~30G2 To THE UNWATERED STORAGE CAPACITY DERIVED FROM THE SPECIFIC
YIELD STUDY. THE WATER SURFACE ELEVATION IN WELL 3%0G2 SHOWS A RANGE
FROM A MAXIMUM oF 602 FEET IN THE SprING oF 1944 To A MiniMuM oF 450 FeEeT
IN THE FarrL oF 1951. ASSUMING A FULL BASIN WITH NO AVAILABLE STORAGE
IN THE SPRING oF 1944, THE MAXIMUM STORAGE DEPLETION OCCURRED IN THE
FaLrL ofF 1951 ano amounTED 7o 113,000 ACRE-FEET.
FILLMORE BASIN
BOUNDARIES

THE MIDDLE AND LARGEST UPSTREAM BASIN IN THE UNITED “WATER
ConseERvAaTION DisTRICT =~ THE FiLLMORE BASiIN ~~ INCLUDES THE BROAD AREA
ALONG THE SanTta CLARA RIVER EXTENDING FROM A MILE OR SO UPSTREAM FROM
THE CiTy oF FILLMORE DOWNSTREAM ALMOST To THE CiTYy oF SanTa Paura. THIs
BROAD AGRIGCULTURAL AREA IS RELATED TO THE JUNCTION OF THE Santa CLarA
RIVER W!TH SesPre CREEK, ITS LARGEST TRIOBUTARY. THE FirLLmore Basin s
CONSIDERED TO GCOINCIDE WITH THE MAJOR AREA BLANKETED BY ALLUVIAL AND

TERRACE DEP0SITS (PLATE 9). THE ALLUVIUM OF THE MINOR TRIBUTARY VALLEYS,
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TABLE t1-1 UNIT SPECIFIC YIELD VALUES

j} ALLUV UM

N—

SAN

SAND

SAND & GRAVEL

GRAVEL

BOULDERS

SANDY CLAY _

SOIL, CLAY, & SILTY CLAY
YELLOW CLAY

BLUE CLAY

PEDRO FORMATIQN

SAND, INCLUDING CEMENTED SAND
SAND & GRAVEL

GRAVEL

GRAVEL & CLAY, CONGLOMERATE
CLAY, SANDY CLAY

%
25
21
18
15

= NN

18
16
1k

M
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WHERE GROUND WATER STORAGE !S ONLY TEMPORARY, IS NOT CONSIDERED IN THE

DASIN. THE EASTERN BOUNDARY, WHICH TRENDS NORTH~SOUTH, 1S PLACED AT THE
TOPOGRAPHIC NARROWING AT THE STATE FisH HATCHWERY: ALONG SESPE CREEK THE
BOUNDARY IS TAKEN AT THE GAGING STATION, WHICH 1S THE NORTHERNMOST LIMIT 5
OF APPREC|ABLE THICKNESS OF ALLUVIUM., THE WESTERN OR DOWNSTREAM BOUNDARY :
IS AN ARDITRARY LINE TRENDING ACROSS THE VALLEY IN AN AREA OF TOPOGRAPHIC
CONSTRICTION AND PERENNIAL RISING WATER. THE REMAINDER OF THE BOUNDARY

OUTLINES THE AREA OF MORE OR LESS PERMANENT GROUND WATER STORAGE. THe

AREA OF THE FiLLMorRe Basin 1s 18,580 acres.

FOR PURPOSES OF GOMPUTING 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 SesreE CREEK, IS A LARGE EXPOSURE OF THE San PeDRrO
FormMaTioN (PLaTE 9). THis ouTcroP arReEa oF 2080 ACRES 1S NOT INCLUDED
WITHIN THE RAINFALL PENETRATION 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 GCLAY., FURTHERMORE, THE BEDS EXPOSED ARE THE BASAL LAYERS OF THE
FORMATION; FARTHER SOUTH WITHIN THE BASIN THESE BEDS ARE MUCH DEEPER
THAN ANY EXISTING WATER WELL, |F RAIN WATER WERE TO PENETRATE (NTO THESE
BEDS T WOULD NOT CIRCULATE FREELY BECAUSE THERE IS NO REMOVAL OF WATER
FROM THESE BEDS, EITHER THikOUGH PUMPING OR NATURAL DRAINAGE. THE
ASSIGNED ZONE OF RAINFALL PENETRATION GOMPRISES 19,830 acres.
GROUND WATER GEOLOGY |

GENErRAL GEoLoOGY

The FiLLMORE BASIN CAN BE DIVIDED GENERALLY INTO TWO PARTS.
THE LARGER PORTION, OCCUPYING THE SOUTHERN AND EASTERN PARTS OF THE DBASIN,
IS COVERED MAINLY BY THE LATEST SANDS AND GRAVELS OF THE TWO MAJOR STREAMS.
THe SanNTa CLarRA 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 SesPE CREEK START AT THE NORTHEAST CORNER OF THE
BASIN AND EXTEND SOUTHWESTERLY TO JOIN THE ALLUVI{UM OF THE RIVER. BETWEEN
THESE TWO YOUNG ALLUVIAL. STRIPS (S THE ALLUVIAL Fan oF PoLe CREEK, ON
wHic¢H THE CtTYy OoF FILLMORE 1S LOGCATED.

THE SMALLER NORTH-CENTRAL PORTION OF THE FiLLMore BasiN s
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DESIGNATED THE Sespe UpLanD (PLATE 9); IT LIES NORTH OF THE SANTA CLARA
RIVER ALLUVIUM AND WEST OF THE SEsPeE CREEK ALLUVIUM. IN THE SEsPE UPLAND
THE SURFACE SLOPES ARE PREDOMINANTLY TO THE SOUTH AND THE SURFICIAL
DEPOSITS ARE MAINLY STEEP ALLUVIAL FAN MATERIALS BROUGHT DOWN BY TRIBUTARIES
WHICH RISE IN THE HILLS TO THE NORTH. ESPECIALLY CONSPICUOUS ARE THE
ALLUVIAL FANS FORMED AT THE MOUTHS OF TIMBER CaANYON AND BOULDER (Loro)
CaNYoON. N THE SOUTHERN PART OF THE SESPE UPLAND IS A PROMINENT GEOLOGIC
STRUCTURE WHICH TRENDS SOUTHWESTERLY FRoM SecTionN 34, T4N, R20W. THis
UPLIFT oF OLDER ALLUVIUM HAS EFFECTIVELY PREVENTED BoTH SeEsre CREEK AND
THE SanTa CLara RIVER FROM SWINGING NORTH AND ENCROACHING UPON THE ALLUVIAL
FaNS. WeEsT oF THE TimBer CANYON FAN, HOWEVER, THIS UPLIFT IN VERY REGCENT
TIMES CEASED TO BE A BARRIER, AND THE SanTa CLARA RIVER WAS ABLE TO
SWING NORTH IN Section 1, T3N, R21W.

BROADLY SPEAKING THE EXISTENCE OF THE FILLMORE Basin as A
LOW-LYING TOPOGRAPHIC AREA CAN BE EXPLAINED OY DIFFERENTIAL ST§EAM EROSION
IN A FAULT TROUGH. THE SANTA CLARA RIVER AND SESPE CREEK ARE NOW FLOWING ,
AND FOR SEVERAL HUNDRED THOUSAND YEARS HAVE DEEN FLOWING, ON A SYNCLINALLY
FOLDED STRIP OF SOFT SaAN PEDRO SEDIMENTS. THE TERTIARY ROCKS FLANKING
THE FieLmMore Basin ON THE SOUTH ARE VERY HARD; THESE HAVE BEEN THRUST
OVER THE SAN PEDRO FORMATION ALONG THE OAk Ripece Faurt (Section B-B',
PraTe 10). IN LATER GEOLOGIC TIME THE MAIN DRAINAGE HAS BEEN CONFINED

TO THE SOQUTHERN PART OF THE DASIN. 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 [MPORTANT CONTROL ON THE REQIMEN
OF UNDERGROUND WATERS.

ALLUVIAL AQUIFERS

THE ALLUVIAL DEPOSITS WHICH DLANKET THE SaAN PEDRO FORMATION
IN THE FILLMORE BASIN ARE BEST DISCUSSED AS TwO SEPARATE unITs: (1) THE
MAIN STREAM ALLuvium, AND (2) THE ALLUVIAL BLANKET OF THE SESPE UPLAND.
IN THE CHANNEL TO THE SOUTH OF THE STATE FIsSH HATCHERY, AT THE UPSTREAM
BOUNDARY OF THE F1LLMORE Basin, THE RECENT SANDS AND éRAVELs OF THE SANTA
CLarA RIVER EXTEND .To A DEPTH oF 60 FEET AND OLDER ALLUVIAL MATERIALS
ARE FOUND SETWEEN DEPTHS 0oF 60 anp 100 FEET. FARTHER WEST, IN THE

BarpsDaALE AREA, THE TOTAL THICKNESS OF ALLUVIAL MATERIALS MAY BE AS MUCH
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As 120 FEET. STILL FARTHER WEST, AT THE DOWNSTREAM BOUNDARY OF THE BASIN,
THE RECENT ALLUVIUM [S IN THE RANGE oF 60 To 65 FEET THICK., JUST WEST
OF THE CITY OF FILLMORE THE ALLUVIUM. OF SESPE CREEK 18 GLOSE T6 80 FeEET
THICKs THE MATERIALS DEPOSITED BY BOTH THE SanTa CLARA RIVER AND SESPE
CREEK ARE VERY PERMEABLE, AND WATER SEEMS TO MOVE FREELY THROUGH THESE
BOTH LATERALLY AND VEﬁTICALLY. ALONG THE SOUTHERN BORDER OF THE OASIN
THE RECENT ALLUVIUM [S INTERBEDDED W!TH SIDE DEPOSITS SHED FROM SOUTH
MouNTAIN. THESE INCLUDE SOME WELL-DEDDED MATERIALS OF ALLUVIAL FAN ORIGIN
CbNTA{NING PERMEABLE ZONES WHICH ARE NOT HYDROLOGICALLY CONNEGTED WITH
THE MAIN ALLUVIUM, THERE ARE PRODAOLY ALSO AT DEPTH SOME ANCIENT
HETEROGENEOUS LANDSLIDE MATERIALS INTERBEDDED WITH THE MAIN ALLUVIUM.
SEVERAL LARGE LANDSLIDES STILL IN EVIDENGE 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 Qaxk Ripee FauLt. THE
"RENCH' 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 SaNn PEDRO FORMATION,

THE SURFICIAL MATERIALS OF THE SESrPE UPLAND ARE A COMPLEX OF
TERRACE DEPOS!ITS, OLDER ALLUVIAL FAN DEPOSITS, AND RECENT ALLUVIAL FAN
DEPOSITS RESTING UPON AN EROSIONAL SURFACE CUT ON THE SaNn 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, TiN,
R20W. A G0OD 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 T HAS DEEN
OVERWHELMED DY YOUNG FAN DEPOSITS SUPPLIED FROM THE NORTH. JHE OLDER
ALLUVIAL DEPOSITS OF THE SESPE UPLAND CONTAIN LARGE QUANTITIES OF CLAY,
AND FROM WELL LOGS THE SHARP NORTHERN DOUNDARY OF THE RECENT ALLUVIUM
IS EASILY TRAGED WESTWARD FROM THE EAST LINE OoF SecTion 34, T4N, R20W.
FroM THE INFORMATION AVAILABLE, IT APPEARS THAT THE REGCENT ALLUVIUM WAS
BACKF|LLED ALONG A SCARP CUT IN CLAYEY DEPOSITS 0OF 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 FIlLL,4 AND

f1=-12



THESE NECESSARILY MUST BE GROUPED TOGETHER. AS A GROUP THESE ALLUVIAL
DEPOSITS REST UPON AN ERODED SURFAGE, 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 UNCONFORMITY, WHICH CAUSED A FREE
DRAINAGE TO THE SOUTH, IT IS DOUBTFUL THAT THE WATER TADBLE IN THE ALLUVIAL
DEPOSITS WAS ADLE TO BUILD UP MUCH MORE THAN 10 orR 20 FEET ABOVE THE
UNGONFORMITY,

SaN PeEpro ForMATION

THE SaN PEDRO FORMATION UNDERLIES PRAGTIGCALLY ALL OF THE
Fitimore Basin. THE BASIN EXISTS, IN FACT, BECAUSE THE SanTa CLARA
RiveErR aND 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 DETWEEN TwWO HUGE THRUST FAULTS. ON THE SOUTH
1s THE Oak RipGE FAULT WHOSE TRACE IS NO LONGER VISIBLE. STRONG LATERAL
EROSION BY THE SanTA CLARA RIVER CAUSED A SOUTHWARD RETREAT OF THE FAULT
SGARP AND THE TRAGE 1S NOW COVERED BY ALLUV}UM., THOUGH BURIED, THE FAULT
HAS IN PLACES DEEN ACGCURATELY LOGATED. THE [Rwin BerviLwoop #4 oiL weLL
in THE SW1/L4, SecTion 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 FEeEET. IN DOTH WELLS THE DRILL PENETRATED ALLUViIUM, THEN THE SESPE
FORMATION (EOCENE), AND THEN BENEATH THE HIGH=ANGLE SOUTH=D[{PPING REVERSE
FAULT, THE SAN PEDRO FORMATION. THE STRUCTURAL CONDITIONS ARE SHOWN ON
SecTion B-B' oF PrLaTe 10,

THE NORTHERN THRUST FAULT =~ THE SaN CAYETANO FAULT == IS
CLOSE TO THE DBASIN BOUNDARY ONLY IN THE EASTERN PART OF THE OASIN, WHERE
ITS STEEP SCARP APPEARS |IN THE NORTHEASTERN PART OF THE CiTy oF FiLLMORE.
SEVERAL 0!L WELLS ALONG THIS SCARP WERE DRILLED INTO THE San PeEbro
FORMATzoN AFTER HAVING PASSED THROUGH THE MobDeELo FormaTion (MiocenE).

THE FAULT TRACE HERE IS ALSO VENEERED WITH ALLUVIUM, AND 1S PROBABLY VERY
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CLOSE TO THE BASE OF THE SCARP. THE San CaveTano FauLT 1S EXPOSED AT
THE SURFACE JUST WEST oE SesPE CREEK NEAR THE NORTHERN TIP OF THE BASIN,
AND TO THE WEST THE FAULT OUTGCROP RISES TO HIGH ELEVATIONS AND 1S EXPOSED
CONTINUOUSLY. FLANKING THE SESPE UPLAND ON THE NORTH 1S A STRIP OF SaN
Pepro ouTcroPs., BETWEEN THOSE AND THE SaN CAYETANC FAULT ARE EAST-WEST
OUTGCROP DELTS OF THE SANTA BARBARA FORMATION AND THE PICO FORMATION. THE
EXPOSED BASAL SAN PEDRO LAYERS, STRIKING GENERALLY PARALLEL TO THE NORTHERN
BOUNDARY OF THE BASIN, SHOW SOUTHERLY DiPS oF 50 DEGREES OR LESS ALONG
SanTa PauLa CREEK, BUT THE DIPS STEEPEN TOWARD THE EAST, AND IN PLACES
ARE VERTICAL OR OVERTURNED.

WITHIN THE STRUCTURAL FRAMEWORK DESCRIBED, THE MAIN FEATURE
OF THE SAN PEDRO FORMATION IS AN EAST-WEST SYNGCLINE. 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 SEcTionN 34, TLN, R20W. THIS LAST FEATURE WAS FORMED AT A TIME
MUCH LATER THAN THE MAIN FAULTING.

ALONG THE AXIS OF THE SYNCLiNE IN THE FiLLMORE BASIN THE BASE
oF THE San PEDRO FORMATION IS AT GREAT DEPTH (SeEcTion A-A', PraTte 10).
WESTERLY FROM A SLIGHT ARCH DENEATH THE STATE FisH HATCHERY THE BASE DROPS,
AND NEAR THE BARDSDALE BRIDGE REAGCHES A DEPTH oF 8430 Feet. THE ELECTRIC
LOGS OF OlL WELLS NEAR THE BARDSDALE BRIDGE INDICATE FAIRLY FRESH WATERS
AT DEPTHS OF aAS MUGH as 7000 FeeTt. WESTERLY FROM THE BaRrRDsSDALE BRiDGE
THE BASE OF THE SAN PEDRO FORMATION CLIMBS AND AT THE LOWER DBASIN BOUNDARY
IS AT A DEPTH ofF 5000 To 6000 FEeET.

SQURCES OF RECHARGE

THE FILLMORE BASIN IS RECHARGED PRIMARILY BY PERCOLATION OF THE
SURFACE FLOWS IN THE SanNTA CLaRa RIVER AND IN SESPE Creek. IN THE SESPE
UPLAND THE RECHARGE 1S FROM PERCOLATION OF THE SURFACE FLOWS COMING FROM
THE NORTH, ESPECIALLY TIMBER CREEK AND BouLper (Lorp) CREEK. A sMaLtL
PORTION OF THE PERCOLATION RECHARGE HAS 1TS ORIGIN [N RUNOFF FROM SoUTH
MoUNTAIN. A LARGE QUANTITY OF RECHARGE IS DERIVED FROM THE PENETRATION

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

“PERSISTENT SOURCE OF RECHARGE |S THE UNDERFLOW WHICH ENTERS THE FILLMORE

BasIN FROM THE EAST, THROUGH BOTH THE ALLUVIAL DEPOSITS AND THE SaN

PEDRO FORMATION. ANOTHER SIGNIFICANT [NCREMENT TO GROUND WATER S THE
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EFFLUENT FROM THE CITY OF FILLMORE SEWAGE TREATMENT PLANT. THE TREATMENT
PLANT 1S ONLY ABOUT TWO YEARS OLDj; PRIOR TO ITS CONSTRUCTION AN EQUIVALENT
VOLUME O? WATER wAé CONTRIBUTEb fHROUGH'!NDIVIDUAL”CE$SP06L5vAND SEPTIC
TANKS. LEAKAGE INTO THE ALLUVIUM FROM THE OLD RQOCKS OF SOuTH MOUNTAIN

1S NOT CONSIDERED SIGNIFICANT,

BASIN OUTFLOW

AT THE LOWER DASIN BOUNDARY, WHERE THE MAIN ALLUVIUM AND

PROBABLY ALSO THE MAJOR PERMEABLE ZONES IN THE SAN PEDRO FORMATION ARE
CONSTRICTED IN CROSS~SECTIONAL AREA, THERE [S A FAIRLY CONSTANT UNDERFLOW
INTo THE Santa Paura Basin. 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 BA;!N, THE RISING
WATER WHICH LEAVES 1S PERENN!AL, ALTHOUGH IN LATE 19571 THE FLOW DROPPED
TO AS LOW AS 3 CUBIC FEET PER SECOND. |N THE AREA OF HIGH WATER LEVELS
NEAR THE LOWER BASIN BOUNDARY, RISING WATER IS D}VERTED, AND WATER IS

PUMPED FROM THE SAN PEDRO FORMATION; THESE WATERS ARE TRANSPORTED WESTERLY
FOR USE IN THE SanTA Paura Basin,

MOVEMENTS OF UNDERGROUND WATER

WATER MOVES THROUGH THE ALLUVIUM OF THE SanNTA CLaRA RIVER FROM
EAST TO WEST. IN THE ALLuvIUM oF SeEsPre CREEK THE WATER MOVES FROM NORTH-
EAST TO SOUTHWEST AND MINGLES WI!TH THE WATER N THE MAIN RIVER ALLUVIUM,
BeneaTH THE SeEsPE UPLAND GROUND WATER MOVEMENT [S PREDOMINANTLY TO THE
SOUTH AND DOWNSLOPE, ALTHOUGH WEST OF FILLMORE AND NEAR THE LOWER BASIN
BOUNDARY THE MOVEMENTS ARE SOUTHWESTERLY., THE TYPICAL PATTERN 5 SHOWN
WHEN THE BASIN IS FULL AS IN THE SPRING oF 1944, OrR FOLLOWING HEAVY
RECHARGE AS IN THE SPrinNGg oF 1958 (PraTe 11).

AT TIMES OF Low WATER LEVELs (FaLL, 1957, PLaTeE 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 [T 18 SUPPLIED FROM PIRU BASIN, AND A STEEP WATER=-
LEVEL GRADIENT SHOWS IN SgcT!oN 32. OTHERWISE, THERE }S 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 TERRAGE MATERIALS OF THE SEsPE UPLAND
HAD DRAINED AND LOCAL PUMPING HAD CAUSED DEPLETION OF SOME OF THE San

PEDRO AQUIFERS. SuCH A DEPLETION AREA SHOWS IN THE NORTHWESTERN PART OF
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Section 5, T3N, R20W. DuRING YEARS OF HEAVY RUNCFF THERE IS CONSIDERAGLE

PERCOLATION OF THE STREAMFLOW COMING FROM THE NORTH. AFTER PERCOLATING

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

FAN DEPOSITS. A PART OF TH!S WATER PROBAOLY REACHES THE MAIN RIVER
ALLUVIUM. A PART ALSO DRAINS INTO THE PORTIONS OF THE TRUNCATED SOUTH~
DIPPING SAN PEDRO AQUIFERS WHICH HAD BEEN DEWATERED BY PUMPING DURING
THE PREVIOUS DRY YEARS. THE VOLUME DEWATERED (S SMALL AND FILLS QUICKLY
AS RECHARGE OCCURS. FOLLOWING A SINGLE WET YEAR SUGH AS 1951—52 THE WATER
RECHARGED TO THE ALLUVIAL FAN DEPOSITS QUICKLY DRAINS DOWNSLOPE OR INTO
THE DEWAfERED PORT!IONS OF THE SaAnN PEDRO .AQUIFERS; IN A YEAR OR TWO THE
ALLUVIAL FAN DEPOSITS ARE AGAIN DRY,

WITHIN THE SaN PEDRO FORMATION, WATER MOVEMENTS BENEATH THE
SesrPeE UPLAND ARE SOUTHERLY IN THE DOWND!P DIRECTION, BUT IN ADDITION
THERE MUST DBE SOME WESTERLY COMPONENTS OF FLOW. NEAR THE AX!S OF THE
SYNCLINE, BENEATH THE MAIN RIVER ALLUVIUM, WATER MOVEMENTS IN THE PERMEAOLE
LAYERS IN THE UPPER PART OF THE SaN PEDRO FORMATION ARE PRIMARILY
WESTERLY, AND APPEAR TOD BE CONTROLLED BY THE WATER-TADBLE SLOPE IN THE
MAIN RIVER ALLUVIUM.

SMALL NORTHERLY FLOWS OCCUR IN THE TERRACE GRAVELS FLANKING
SouTH MOUNTAINe THE WATER IN THE SHALLOWER PERMEAOLE ZONES PRODABLY
RATHER EASILY REACHES THE MAIN RIVER ALLUV!IUM, BUT IN THE DEEPER PERMEAGLE
ZONES OF THE TERRACE DEPOSITS THE HYDROLOGIC CONTINUITY IS RESTRICTED,.

FLUCTUATIGONS 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 BaAsIn. THE LOWERING OF WATER LEVELS DURING DROUGHT
PERIODS HAS BEEN ONLY A FEW TENS OF FEET, IN WET PERIODS, RECOVERY IS
RAPID AND FAI!RLY COMPLETE,

THE HYDROGRAPHS OF WeELLS 3N/20W-10F1 anp 4N/19W-31E1 aRE
CHARACTERISTIC OF WATER-LEVEL FLUCTUATIONS IN THE SanTa Crara RIVER
ALLUVIUM IN THE FILLMORE Basin. WeLL 31E1 (PLaATE 12) TYPIFIES THE LARGER

FLUCTUATIONS OF WATER LEVELS IN THE UPSTREAM PORT{ON OF THE BASIN, WHERE

. THE MAX.1IMUM RANGE HAS DBEEN.ON THE ORBER OF 50-FEET. -THE HIGHEST WATER

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

EARLY IN 1953, THE SAME TYPE OF RESPONSE CAN BE NOTED IN WELLS AT THE
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LOWER ENO OF THE PIRU BasiN. THE ONSET OF PUMPING FROM WELLS IN THE

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

~BEEN A.SINGLE RECHARGE..PEAK. THE G0OD, BUT INCOMPLETE RECOVERY IN 1952

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

THE STRONG MOVEMENT OF WATER WESTERLY TOWARD THE LOWER BASIN
BOUNDARY CcaUSES (1) PERENNIAL RISING WATER, (2) HIGH WATER LEVELS, AND
(3) SMALL FLUGTUATIONS IN WATER LEVELS. ALTHOUGH weLt 10F1 Is SEVERAL
MILES ABOVE THE LOWER DASIN BOUNDARY, THE HYDROGRAPH {(PLATE 12) REFLECTS
THE STABILITY OF WATER LEVELS, THOUGH NOT TO THE FULL DEGREE, THAT WOULD
BE EXPEGTED AT THE LGWER BASIN BOUNDARY. AT wettl TOF1 THE ToTaL
FLUGTUATION IS ONLY ADBOUT 20 FEET; FURTHERMORE, RECOVERY IS 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 N THE SHARPER DROPPING OF WATER LEVELS DURING THE DROUGHT
PERIODS AND THE SLOW, INCOMPLETE RECOVERY FOLLOWING A SINGLE WET YEAR.,
WeLt 3N/19W=5D1 gPLATE 12) 1s PERFORATED !N CONFINED TERRAGCE GRAVELS
DEPOSITED FROM SOUTH MOUNTAIN STREAMS., WITH PUMPING, THESE GRAVELS ARE
DRAINED DURING DROUGHT PERIODS, AND ALTHOUGH THERE IS SATURATED MAIN
RIVER ALLUVIUM NEARDY,; RECHARGE FROM THAT SOURCE IS SLOW OR IMFOSSIDLE
AND THE PUMPING CAUSES A SHARP DROP IN THE WATER LEVELS. REPLENISHMENT
1S MAINLY IN WET YEARS, AND FROM THE SOUTH.

WELLS tN THE SeESPE UPLAND SHOW A VARIETY OF WATER-LEVEL
RESPONSES., ASs DESCRIBED ABOVE, THERE 1S A GROUP OF ALLUVIAL FAN AND
TERRACE DEPOSITS LYING ON A SOUTH-SLOPING SURFACE ERODED ON soQTH-
DIPPING LAYERS OF THE SaAN PEDRO FORMATION. FOLLOWING WET YEARS, REGCHARGE
WATER MOVES DOWNWARD TO THE UNCONFORMITY AND PRODUCES A FREE WATER TADBLE
NEAR THE BASE OF THE ALLUVIAL DEP0OSITS. FREE DOWNSLOPE DRAINAGE COUPLED
WITH RECHARGE TO THE DEWATERED PORT!ONS OF THE SaN PEDRO FORMAT!ION CAUSES
A NEARLY COMPLETE DEWATERING OF THE ALLUVIAL DEPOSITS. In werL 3N/20W-
5C1 (PLATE 12) THE BASE OF THE ALLUVIAL DEROSITS IS AT AN ELEVATION OF
ABOUT 307, WHEN THE ALLUVIAL DEPOSITS HAVE DEEN ORAINED AND THE
CONTINUING PUMPAGE EXTRACTS ONLY FROM CONFINED AQUIFERS |IN fHéISANVPEDRO

FORMATION, THE WATER LEVELS DROP SHARPLY. SIMLLARLY, WHEN PUMPING CEASES,
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THERE |§ A SHARP PRESSURE RECOVERY TO ABOUT THE BASE COF THE ALLUVIAL
BLANKET, BUT NOT MUCH ADOQVE 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 SPEGI!FIC YIELD VALUES ARE GIVEN IN TapLe 1i=-1. WITHIN
GEOLOGICALLY DISTINCT CELLS, EACH INCLUDING A GROUP OF WELLS, AVERAGE
SPECIFIC Y!ELD VALUES WERE ASSIGNED TO EACH 25-F00T INTERVAL BELOW THE
HIGHEST WATER=TABLE SURFACE, WHICH OCCURRED IN THE SPRING OF 1944, Tue
STORAGE DEPLETION CURVE (PLaTE 8) WAS GONSTRUGTED BY RELATING HISTORIG
WATER-LEVEL MEASUREMENTS OF WELL 4N/19W~31E1 TO THE UNWATERED STORAGE
CAPACITY DERIVED FROM THE SPECIFIC YIELD STUDY. THE WATER=-SURFAGE
ELEVATION IN WELL 31E71 SHOWS A RANGE FROM A MAXIMUM oF 412 iN THE SPRING
oF 1944 To A MiNIMUM oF 364 N THE FaLL ofF 1951. MaXIMUM STORAGE DEPLETION,
IN THE FaLL ofF 1951, was acouT 80,000 ACRE-~FEET.

SANTA PAULA BASIN

BOUND. .U ES

THE SanTa PauLa BASIN INCLUDES THE DROAD AREA ALONG THE SANTA
CLara RIVER EXTENDING FROM EAST OF SANTA PAULA TO THE VICINITY OF SATICOY.
SanTa PauLa CREEK, A MAJOR TRIDUTARY OF THE SANTA Ciara RIVER, JOINS THE
MAIN STREAM NEAR THE EASTERN BOUNDARY OF THE BASIN. SEVERAL OTHER SMALLER
TRIBUTARIES FLOW INTO THE DBASIN FROM THE NORTH, THE MORE IMPORTANT BEING
Facan, Apams, WHEELER AND ALI1so CREEKS.

THE AREA COVERED BY THE SanNTa Pauca Basin 1S GONSIDERED TO
COINCIDE WITH THE ALLUVIAL AND TERRACE DEPOSITS ALONG THE SANTA CLARA
RIVER A5 SHOWN ON PrLate 13, THE EASTERN BOUNDARY [S ARB!TRARILY PLAGED
AT THE TOPOGRAPHIC AND HYDROLOGIC CONSTRICTION WHICH EXISTS ABOUT ONE
MILE EAST oF THE CtTYy oF SanTa PauLa. THE BASIN IS EXTENDED UP THE VALLEY
0F SaNTa Paura CREEK TO THE ALLUVIUM=COVERED GEOLOGI!C CONTACT BETWEEN
THE PERMEABLE SaN PEDRO FORMATION AND THE UNDERLYING, NONWATER~BEAR!NG
SANTA BARﬁARA FORMATION. THE ALLUVIUM OF THE MINOR TRIDBUTARY VALLEYS
IS GONSIDERED TO GE OUTSIDE OF THE AREA OF MORE OR LESS PERMANENT GROUND
WATER STORAGE. THE WESTERN BASIN DOUNDARY CONSISTS OF THREE ParRTS: (1)

A REACH OF CONSTRICTED RECENT ALLUVIUM AND RISING WATERS (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 FPauLa BasInN 1s 12,980 acres. FOR PURPOSES
0F~GOMPQT!NG‘RA1NFALLwPENETRAT+QN;"A"SOMEWH#TWE#RGER*AREA"QF“14;8@5"AQRES'
Is 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 Pebpro STRATA, WHIGH CROP OUT ON THE NORTHERN
FLANKS OF THE SANTA Paura Basin. THE San PEDRO OUTCROP ZONE IS EXCLUDED
FROM THE RAINFALL PENETRATION AREA DEGAUSE (1) THE COARSE BEDS ARE
LENTICULAR AND CLAYEY; AND (2) THE LAYERS EXPOSED D1P TO THE SOUTH AND ARE
DEEPER THAN THE WATER WELLS IN THE DBASIN.

GROUND WATER GECLOGY

GeENERAL GEOLOGY

THE SanTa PaubLa 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 FPORTION OF THE BASIN. THE ALLUVIAL
SANDS AND GRAVELS RANGE FROM 650-80 FEET THICK AND HAVE A WESTERLY SURFACE
sLOPE OF 20-25 FEET PER MiLE. THE LARGER PORTION OF THE BASIN LIES NORTH
OF THE STRIPFP oF SaNTa CrLarAa 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. JTHE FANS WERE DEPOSITED ON AN
EROSIONAL SURFACE CUT ON THE San PEDRO FORMATION,

THE TOPOGRAPHICALLY LOW AREA OCGUPIED BY THE SanTa Paura Basin
was DEVELOPED oY SanTa CLARA RIVER EROSION ALONG THE AXIS OF A SYNCLINALLY
FOLDED BELT OF RELATIVELY SOFT SanNn PEDRO SEDIMENTS. [HE TERTIARY ROCKS
FLANKING THE BASIN ON THE SOUTH HAVE BEEN THRUST OVER THE San PEebDRrO
FORMATION ALONG THE Oak Ripee FaurT (SecTion B-B', PrLaTe 14). Tue
ALLUVIAL DOUNDARY ALONG TQEVSOUTHERN EDGE OF THE BASIN CLOSELY COINCIDES
WITH THE BURIED TRACE OF THE FAULT. THE SaNnTa Baroara AnND Pico FORMATIONS
UNDERLIE THE SaN PEDRO FORMATION ON THE NORTHERN LIMB OF THE SYNCLINE.

ALLUVIAL AQUIFERS

THE ALLUVIAL DEPOSITS WHICH BLANKET THE SanTa Paura BasiIn ARE.
oF Two Types: (1) THE MAIN RIVER RECENT aAttuvium; ano (2) THE REGENT aND

OLDER ALLUVIAL FAN DEPOSITS DERIVED FROM THE NORTHa THE RELATIONSHIPS OF
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THE ALLUVIAL DEPGSITS ARE SHOwN IN SEcTion C-C', Prate 1k,
BENEATH THE SanTa CLaARA RIVER, N THE VICINITY OF WILLARD BrIDGE,

COARSE SANDS AND GRAVELS EXTEND TO A DEPTH OF 60 Tt0 65 FEET. -DOWNSTREAM

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

AND AT THE LOWER DASIN BOUNDARY RECENT ALLUVIUM 1S ABOUT 75 FEET THICK.
THE ALLUVIAL MATERIAL UNDER THE NORTHERN PORTION OF THE BASIN
{8 A COMPLEX OF TERRAGCE DEPOSITS, OLDER ALLUVIAL FANS AND MINOR REGENT
ALtuviumM. THE OLDER ALLUVIAL FAN DEPOSITS GONTAIN CONSIDERASLE QUANTI!TIES
OF CLAY IN THE UPPER PART, DUT PRIMARILY GRAVELS IN THE LOWER PART. THESE
BASAL GRAVELS TRANSMIT LARGE QUANTITIES OF RECHARGE TO THE UNDERLYING
SaN PEDRO AQUIFERS. THE MAXIMUM THICKNESS OF THE OLDER ALLUVIAL DEPOSITS
APPROACHES 300 FeEeT. THE MAIN RIVER RECENT ALLUVIUM WAS APPARENTLY
BACKFILLED ALONG A SCARP CUT INTO THE CLAYEY UPPER PORTION oF THE OLDER
atLuvium (SecTion C-C', PLaTE 14). |
SAN PEDRG FORMATION
THE San PEDRO FORMATION UNDERLIES THE ALLUVIUM OF THE SANTA
PauLa Basin NORTH oF THE Oak RipeeE FauLT. STRONG LATERAL EROSION BY THE
SanTa CLARA RIVER HAS CAUSED A SOUTHWARD RETREAT OF THE FAULT SCARP AND
THE TRACE OF THE FAULT (S NOW COVERED BY ALLUVIUM. SouTH oF THE Oak
Ripee FauLT ARE EXPOSED TERTIARY ROCKS OF THE SesPe, VaQueros, MooeLo,

Pico, anD SanTA BARBARA FORMATIONS. THESE ROCKS ARE CONSIDERED TO BE

 NONWATER-DEARING, ALTHOUGH SUFFICIENT PERMEABILITY EXISTS IN THE COARSER

STRATA TO ALLOW SMALL QUANTITIES OF POOR QUALITY WATER TO CIRCULATE.

THe SaN PEDRO FORMATION HAS BEEN FOLDED [NTO AN EAST~WEST
SYNCLINE WITH THE AXIS LYING NORTH OF THE PRESENT COURSE OF THE SanTa CLARA
RivErR. THE NORTH-~DIPPING OR OVERTURNED SOUTH LIMB OF THE FOLD WAS FORMED
BY.DRAG ALONG THE QOaxk RIDGE FAULT, AND THE TRUNCATED EDGES OF THE UPTURNED
AQUIFERS ARE EXPOSED TO THE OVERLYING ALLUVIUM. /,LONG THE AXIS OF THE
SYNCLINE AT fHE EASTERN DBOUNDARY OF THE BASIN, SAN PEDRO SANDS AND GRAVELS
REACH A MAXIMUM DEPTH OF ABouUT 6000 FEET AND ARE UNDERLAIN BY IMPERMEABLE
SHALE OF THE SANTA BARBARA FORMATION. AS SHOWN IN SecTion A-A' oF PrLaTE
14, THE DASE OF THE SAN PEDRO FORMATION APPEARS TO RISE SLIGHTLY TOWARDS
THE WEST AND IN THE VICINITY OF THE SANTA PauLA~MOUND BASIN BOUNDARY IT
1S PROBABLY NO MORE THAN 4000 FEET DEEP. FLANKING THE DASIN ON THE NORTH

IS A WIDE STRIP OF San PEDRO CUTCROPS. THE EXPOSED BASAL San FPEDRO LAYERS,
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STRIKING GENERALLY PARALLEL TO THE NORTH BOUNDARY OF THE BASIN, SHOW

f) SOUTHERLY DIPs OF ACOuT 50 DEGREES AT THE MOUTH OF SanNTa Pauta CREEK; THE
| DIP ANGLES BECOME LESS TO THE WEST. IN THE VICINITY OF THE SanNTa PAULA—
- MOUND BASIN BOUNDARY SaAN FEDRO STRATA HAVE 15-25 DEGREE SOUTHERLY DIPS.
'| /i COMPLEX STRUCTURAL PATTERN OF FOLDING AND FAULTING EX!STS IN
( THE SOUTHWESTERN PORTION OF THE DASIN NEAR THE TowN OF SaTicoy. THEsSE

}1 STRUCTURES ARE RELATED To THE Oak RipGe FauLT. THERE IS NO EVIDENCE THAT
THE RECENT ALLUVIUM OF THE SanNTa CLARA RIVER HAS BEEN DISTURBED BY THIS
FAULTING AND S0 THE LATEST MOVEMENTS AGE DELIEVED TO HAVE TAKEN PLAGE N
THE VERY LATE PLEISTOCENE. AT LEAST TWO FAULTS CAN BE RECOGNIZED, AND
THERE MAY DBE SEVERAL MORE. THE CounTrRY Crus Faurt (PLATE 13) TRENDS A
LITTLE SOUTH OF WEST. THE VERT)CAL-DISPLACEMENT SHOWN DY THE BASE OF THE
San PEDRO FORMATION MAY DBE AS MUCH as 2000 FEeT. THE FRACTURE CAN NOT BE
DETECTED IN THE MOUND BASIN AND THE THROW IS ASSUMED TO DECREASE TO THE

WEST. FAuLT MOVEMENTS CCNTINUED UNTIL THE VERY LATE PLEISTOGENE AS SUGGESTED

i OY SURFACE EXPOSURES WHICH CAN BE TRACED ON AERIAL PHOTOGRAPHS ACROSS THE
SaTicoy CouNTRY CLUB AND FOR SOME DISTANGCE TO THE WEST. DI!SPLACEMENT OF
THE BASAL UPPER PLEISTOCENE AQUIFERS HAS CAUSED A SHARP DREAK 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
Map (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 SanNTA BarRBaARA AND SAN
PEDRO FORMAT!IONS HAVE DEEN LIFTED IN PLACES To WiTHIN 100 FEET OF THE
PRESENT GROUND SURFACE. THE VERTICAL DISPLACEMENT APPEARS TO DECREASE |IN
5 A WESTERLY DIRECTICN ALSO. JTHE SaTicoy FAULT IS MARKED DY A SHARP BREAK
IN WATER LEVELS.

SOURCES OF RECH/RGE

THE SanTa PaulLa BASIN I'S RECHARGED PRIMARILY BY STREAM PER-
! COLATION OF THE SURFACE FLOWS IN THE SanTa Crara RIVER AND SanNTa Pauta
Creek., A MUCH SMALLER QUANTITY (S CONTRIBUTED BY PERCOLATION OF
TRIBDUTARY SURFACE FLOWS COMING FROM THE NORTHs A SIZEADBLE INCREMENT TO
GROUND WATER STORAGE IS DERIVED FROM THE DEEP PENETRATION 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 IS A LARGE AND PERSISTENT
SOURCE OF RECHARGE. /ALL OF THE EFFLUENT FROM THE CiTy ofF SanTa PauLa
SEWAGE TREATMENT PLANT IS DISCHARGED TO DASINS ADJOINING THE SanTa CLARA
RIVER AND REACHES THE WATER TAOLE.
B/SIN QUTFLOW

UNDERFLOW FROM THE SaNTa PauLa BASIN IS CONSIDERED TO OCCUR IN
SIGNIFICANT QUANTITIES ONLY THRCUGH THE RECENT ALLUVIUM ALONG THE SANTA
CLara RIVER CHAMNNEL INTO THE MoONTALVO BASiN. STRUCTURAL DBARRIERS AND
MATER!ALS OF LOW PERMEABILITY PRECLUDE THE POSSIBILITY OF ALL BUT MINOR
UNDERFLOW WITHIN THE BASAL UppER PLEISTOCENE OR SAN PEDRO AQUIFERSVINTO
THE MounD oR MonTALVO BASINS. ADDITIONAL WATER S FORCED TO THE SURFACE
IN THE RIVER CHANNEL AND LEAVES THE DASIN AS RISING WATER.
MOVEMENTS OF UNDERGROUND wWATER

GROUND WATER MOVES THROUGH THE ALLUVIUM OF THE SanTa CiLara RIVER
FROM EAST TO WEST AS INDICATED BY THE WATER~LEVEL CONTouURs (PLaTe 15).
WITHIN THE BaSAL UPPER PLEISTOGCENE 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
PEORO AQUIFERS, ARE CAUSED BY HEAVY PUMPING COMBINED WITH RESTRICTED OR
REDUCED RECHARGE. SaNTA PauLa CREEK FAN MATERIAL 1S COARSER AND RECHARGE
TO THE DASAL UPPER PLEISTOCENE AQUIFEQRS FROM THAT STREAM CHANNEL OCCURS
MORE READILY THAN IN OTHER FANS OF THE SaNTa PAuLa Basinwn,

UNDERFLOW OUT OF SaANTA FauLa BASIN MOVES FREELY ONLY THROUGH THE
RECENT ALLUVIUM aLONG THE SanTa CLara RiverR. UNDERFLOW FROM THE SANTA
FauLa Basin 70 THE MonNTALVO BASIN WOULD HAVE TO MCOVE INTO THE UPLIFTED
BLOCK SOQUTH OF THE SaTicoy FauLTe. /\LONG MOST OF THE SaTicoy FauLT FROM
SouTH MOUNTAIN TO THE TOWN OF SATICOY THE UNDERFLOW FROM THE SAN PEORO
FORMATION OR THE DASAL UPPER FLEISTOCENE DEPOSITS WOULD HAVE TO MOVE INTO
THE IMPERMEABLE SANTA BARBARA FORMATI!ON. JusT AT SaTicoy, THE Fox CanyoN
AQUIFER 1S SOUTH OF THE SaTicoY FAuULT, CUT UNDERFLOW WOULD DBE RESTRICTED
DY THE KNOWN BARRIER AFFORDED BY THE FAULT. UNDERFLOW INTO THE Mouno
BAaSIN CAN NOT BE LARGE., WELLS IN THE TRIANGLE BETWEEN THE CounTrRY Crub
AND SaTicoy FauLTs sHOw RATHER FEEGQLE RECHARGE. IF UNDERFLOW ACROSS THE
CountrRY Crus FauLT IN THE BasaL UPpeER PLEISTGCENE AQUIFERS IS SMALL, THEN

MOVEMENTS WITHIN THE SaN PEDRO FORMATION ARE EVEN SMALLER BECAUSE OF THE
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PLATE I5A

WATER LEVELS
SPRING 1944

DATUM IS MEAN SEA LEVEL

PLATE I5B

SANTA PAULA BASIN WATER LEVELS John F. Mann, Jr. 8 Associates
2000 o 10000 FALL 1957 Consulting Groundwater Geologists

SCALE IN FEET DATUM IS MEAN SEA LEVEL 1959

PLATE I5C

FILLMORE

BASIN,
AN

WATER LEVELS
SPRING 1958

DATUM IS MEAN SEA LEVEL




VERY LARGE DISPLACEMENTS. WESTERLY MOVEMENTS THROUGH SecTtion 4, T2N,

R22W ARE LIMJTED OY LAYERS OF VERY LOW PERMEADILITY WHICH ARE PRESENT TO

"DEPTHS "OF "MANY HUNDREDS "OF FEET CGELOW THE GROUND SURFACE.

FLUCTUATIONS OF W.TER LEVELS

WATER LEVELS IN THE SaANTA PauLa BasiN SHOW ONLY A VERY SMALL
RANGE OF FLUGTUATIONS. WATER-LEVEL DECLINES DURING PROLONGED DROUGHTS ARE
MGSTLY ON THE ORDER OF 20-30 FEET AND RECOVERIES, EVEN IN A SINGLE WET
YEAR, ARE ESSENTIALLY COMPLETE. WELLS PERFORATED fN THE BasaL UpPeR
PLEISTOCENE‘AQUIFERS OR IN {MMEDIATELY UNDERLYING San PEDRO AQUIFERS
USUALLY INDICATE GOOD RECHARGE WHERE THEY ARE CLOSE TO THE SANTA CLaARA
RIVER., A HYDROGRAPH TYPICAL OF SUCH CONDITIONS IS THAT OF WELL 3N/21W—
21E1 (PrLaTe 16).

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

NEAR THE WESTERN BOUNDARY GF THE SanTa Pauta Basin, THE
CounTrY CLub FAULT CAUSES SHARP DIFFERENCES IN WATER—LEVEL RESPONSES.
NORTH OF THIS FAULT, AS ILLUSTRATED BY THE HYOROGRAPH OF weLL 2N/22W-3K2
(PLaTe 16), WATER LEVELS ARE RELATIVELY HIGH, AMD GOOD RECHARGE 1S
INDICATED.BY GOOD RECOVERIES, FARTHER EAST AND STILL NORTH OF THE FAULT,
A FEW WELLS WILL AT TIMES FLOW.

Soutn oF THE CounTrY CLub FauLT, THE WATER LEVELS ARE 80 FEET
OR SO LOWER. THE HYDROGRAPH OF WELL 2N/22W-10C1 (PLaTE 16) sHows A SLOW
PROGRESSIVE DECLINE OF WATER LEVELS AND PERHAPS SOME DEPLETION OF STORAGE.
To THE TOTAL DEPTH OF THIS wetlL (403 FEET) THERE 1S LITTLE LIKELIHOOD OF
IMPORTANT WESTERLY UNDERFLOW.
STORAGE CHP/CITY

A STORAGE DEPLETION CURVE (PLATE 8) waS CONSTRUCTED BY
RELATING HISTORIC WATER-LEVEL MEASUREMENTS OF weLlL 3N/21W=-16K2 vo THE
UNWATERED STORAGE GAPACITY COMPUTED .FROM A SPEGCIFIC YIELD STUDY. THE
WATER-SURFACE ELEVATION IN WELL 16K2 RanceD FRoM A maximum oF 218 FEeeT

ABOVE SEA LEVEL IN THE Serinc oF 1944 7o A MINIMUM OF 18% FgeET N THE FarLt
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oF 1951. THE MAXIMUM STORAGE DePLETION (IN THE FaLL oF 1951) was ABOUT
25,000 AacRe-FEET.
MOUND BASIN
BOUNDARIES

THE DOUNDARIES OF THE MOUND BASIN ARE GIVEN on PLATE 17. THE
NORTHERN BOUNDARY IS TAKEN AS THE BASE OF THE FOOTHILLS, GR THE UPSLOPE
LIMIT OF THE ALLUVIAL FAN SURFACES. AS IN THE FiLuMoreE anD SanTa PaurLa
BasiNs, THE OUTCROP AREAS OF THE SaN PEDRC FORMATION ARE NOT INCLUDED
WiITHIN THE GROUND WATER BASIN. THE EASTERN BOUNDARY IS IN PART A FAULT
AND IN PART A TOPOGRAPHIC DIVIDE. THE SOUTHERN BOUNDARY S THE APPROXIMATE
NORTHERN LIMIT OF THE SaNTA CLarRA RIVER ALLUVIUM AND THE OXNARD AQUIFER.
THE DISTRICT BOUNDARY HAS NO HYDROLOGIC SIGNIFIGANCE, AND AS IN BULLETIN
12, THE WESTERN DBOUNDARY OF THE MounD BASIN 1S TAKEN TO THE ALLUVIUM OF
THE VENTURA RIVER.
GROUND WATER GEQLOGY

GEnErRAL GEOLOGY

THe MounD BASIN CONSISTS 0OF A OCLANKET OF CLAYEY TERRACE MATERIALS
AND UNDERLYING COARSE=-~GRAINED ALLUVIAL AND MARINE DEPOS{TS OVERLYING A
SYNCLINE DEVELOPED IN THE SaN 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 PRODBABLY 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,
{NCLUDING THE DASE, CROPS OUT IN THE HILLS NORTH OF THE MounD BasiIN 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 CUTCROPS 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 MoONTALVO FAULT
(Section V-V', PLaTe 20). MoST OF THE FOLDING AND FAULTING IS RELATED
TO THE MAJOR MIDDLE PLEISTOCENE DIASTRGPHISM, BUT THERE HAS DEEN APPRECIADLE

FOLDING, TILTINGy AND FAULTING OF THE UpPER PLEISTOCENE DEPOSITS,

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

UPLIFTED ""mounos® in THE MounD BASIN ARE THE RESULT OF THE VERY LATE

DIASTROPHISM.
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Tacre l11=1. WiLcox-MAGISTAD CLASSIFICATION GF

MopiFlEs oy Doneen (RerF., 27).

IRRIGATION WATERS AS

CLass | CLass |1 Cuass 111
EXCELLENT Goob TO INJURIOUS TO
FACTOR To GoOD INJURIOUS UNSATISFACTORY

CoNDUCTANCE
EC x 10~ @ 25°C Less THan 1000 1000~-3000 More THAN 3000
Boraon (PPM) Less THan 0.5 0.5-2.0 More Tran 2.0
CHroripe (me/L) LeEss THaN 5 5-10 More THan 10
SODIUM PERCENTAGE Less THan 60 £0-75 MoRE THAN 75
TaoLe 111-2, Doneen's YEFFECTIVE SALINITY' CLASSIFICATION OF

[RRIGATION WATERS (REF. 27).

CLAsS

SolIL COUNDITIONS TERMS USED | Pl 11
LITTLE LEACHING OF THE SO!IL ME/L <3 3-5 >5
CAN DE EXPECTED DUE TO LOW PPM 165 165-275 275
PERCOLATION RATES Lo/ AF Ls0 L50-750 750
SOME LEACHING, DUT RESTRICTED ME/L e 5-10 >10
DEEP PERCGLATION COR DRAINAGE PPM 275 275-550 550
sLow Lo/ aF 750 750-1500 1550
Oren soiLs., DEEP PERCOLATION ME/L <7 7=15 >15
OF WATER EASILY ACOMPLI{SHED FPM 385 385-825 825
Lo/aF 1050 1050-2250 2250

NoTES: ME/L ==—= MILLI-EQUIVALENTS PER LITER

PPM ===« PARTS PER MILLION

L3/ AF=—=— POUNDS PER ACRE=FOOT
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Tacte 111=3

(LisTED

SEMITCLERANT

ReraTtive ToLeERANCE oOF PranTs To BoRroN

IN ORDER OF INCREASING TOLERANCE)

SENSITIVE TOLERANT
LeEMoON Lima BEAN CARROT
GRAPEFRUIT SWEET POTATO LETTuCE
Avocapo BELL FEPPER CapoaGE
ORANGE PumpkIN TurRNiP
THORNLESS DLACKBERRY ZENNTA CNioON
APRICOT OaT BroaDDEAN
PeacH Mico GLapiorLus
CHERRY Corn ALFALFA
PeErsiMMON WHEAT GARDEN REET
KaDoTA FIG BarLEY ManNGEL
GRAPE OLive SUGAR CEET
APPLE RaGGED RoBIN ROSE Date PaLmM
PEAR FieLo PEA PaLm
PLumM RapisH ASPARAGUS
AMERICAN ELM SWEETPEA ATHEL
Navy DEAN TomaToO
JERUSALEM ARTICHOKE CQTTON
ENGLISH WALNUT PotaTo

BLACK wWALNUT

Pecan

SUNFLOWER
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Upper PLElsTocENE DEPOSITS

Tue UPPER PLEISTOCENE DEPOSITS, WHICH OVERLIE THE San Pebpro
FORMATION - WITH MARKED -ANGULAR UNCONFORMETY, RANGE N THICKNESS FROM Loo.-
FEET OR SO IN THE EASTERN PART OF THE Mounp Basin To apouT 700 FEET ALONG
THE COAST. THERE IS A SUGGESTION THAT THESE DEDS HAVE BEEN DOWNFOLDED
GENTLY ALONG THE OLDER SYNCLINAL AXIS. THERE 1S A PRONOUNCED TWO=FOLD
DIVISION OF THESE deErosITs: (1) AN UPPER TIGHT CLAYEY zonNE 200 T0 400
FEET THICK; AnND (2) A LOWER, PRIMARILY SAND AND GRAVEL ZONE, FROM 100
To 300 FEET THICK. THE BASAL COARSE ZONE IS THIGCKEST JUST NORTH OF THE
RIVER, AND BECOMES THINNER TOWARD THE NGRTH, |HE COARSE GASAL MATERJALS
REPRESENT A DISTINCT PHASE OF DEPOSITION BY THE SANTA CLARA RIVER, WHICH
WAS APPARENTLY VERY WIDESPREAD. THE MUGU AQUIFER IN THE SOUTHEASTERN PART
oF THE OXNARD PLAiN MAY REPRESENT PART OF THE SAME DEPOSITION.

IN THE EARLY DAYS OF GROUND WATER DOEVELOPMENT, THE WELLS
PENETRATED ONLY TC THE UPFER PLEISTOCENE AQUIFERS WHERE THESE HAD A
SUBSTANTIAL THICKNESS, LATER WELLS WENT DEEPER TO TAP THE AQUIFERS IN THE
UNDERLYING LAYERS OF THE SaN PEDRC FORMATION. NoOw THERE ARE NUMERCUS
WELLS WHI!ICH ARE PERFORATED IN BOTH THE UpreEr PLElSsTOCENE aAND San PEDRO
AQUIFERS.

SaN Pepro ForMaTIiON

NoT ALL OF THE AQUIFERS IN THE THICK SAN PEDRO FORMATION BENEATH
THE MounND BASIN HAVE BEEN TAPPED BY WATER WELLS. IN FACT, BECAUSE OF
INADEQUATE WELL CONTROL, THE THIGCKNESS AND CONTINUITY OF THESE AQUIFERS
IS POORLY KNOWN. THE UPPERMOST LAYERS OF THE SaAnN PEDRO FORMATION ARE
NOT EXPOSED IN THE HILLS NORTH OF THE MOuND BASiN, BUT OCCUR ONLY IN THE
SUBSUREACE NEAR THE AXIS OF THE SYNCLINE BENEATH THE UPPER PLEISTOCENE
DEPOSITS. THESE UPPERMOST LAYERS ARE PRIMARILY CLAYS AND SILTS. IN THE
BASAL TWO=THIRDS OF THE FORMATION, GRAVELS AND SANDS ARE MORE ABUNDANT.
MosT OF THE WATER PUMPED COMES FROM AQUILFERS IN 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 [Te THE TYPICAL THICK DBDASAL SANDS OF THE
Fox CANYON AQUIFER ARE NOT PRESENT {N THE OUTCROPS NORTH OF THE MOUND
BasiN. IT IS INDICATED ONLY DlAGRAMMATICALLY oN SecTion V=V', PraTe 20
THAT THE Fox CANYON AQUIFER TOWARD THE NOXTH BECOMES A SERIES OF SAND AND

GRAVEL LENSES. THE UPPER SaN P=zDRO sHownN onN SecTion V=V', PrLatve 20
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INCLUDES MANY SAND AND GRAVEL LAYERS, MANY OF WHICH APPEAR TO DE LENTICULAR.
MucH OF THE UPPER PART OF THE SanNn PEDRO FORMATION NEAR THE
MONTALVO FAULT WAS REMOVED IN THE EXTENSIVE PRE~UPPER PLEISTOCENE EROS!ON.
THIS HAS DEEN TRUE ALONG THE ENTIRE LENGTH OF THE MoONTALvVO FAULT WHICH
TRENDS WESTER#Y FROM SOUTH MOUNTAIN TO THE COAST. THE DISPLACEMENT IN THE
SaN PEDRO FORMATION DECREASES WESTERLY, FROM SEVERAL THOUSAND FEET AT THE
WEST END OF SouTH MounNTaIN TO ABOUT 500 FEET NEAR THE COAST (SecTion V=V',
PLATE 20). THE DISPLAGEMENT IN THE OVERLYING UPPER PLEISTOCENE DEPOSITS
MAY BE AS MUCH As 400 FEET. -
WiTHIN THE MounD Basin THE SaN PEDRO FORMATION HAS BEEN DISPLACED
DY SEVERAL LARGE FAULTS. THE SaTicoy FAULT, WHIGCH FORMS A PART OF THE
EASTERN BOUNDARY OF THE BASIN, TRENDS WESTERLY AND INTO THE Mounp Basin,
AND APPARENTLY THE THROW DECREASES IN ThAT DIRECTION. ANOTHER FAULT OR
GROUP OF FAULTS IS ASSOCIATED WITH THE "MOUNDSY IN SECTIONS 17 AND 18, T2N,
R22W.
SOURCES OF RECHARGE
BECAUSE 0OF GEOQLOGIC COMPLICATIONS, THE SOURCES AND AMOUNTS OF
RECHARGE TO THE Mounbp BASIN ARE DIFFICULT TC DETERMINE. IN PREVIOUS
STUDIES |IT WAS ASSUMED THAT THERE 1S A LARGE AMOUNT OF RECHARGE DERIVED AS
UNDERFLOW FROM THE SANTA PauLa BasinN. THE FOLLOWING FACTS BEAR UPON THIS
PROBLEM:
(1) THERE 15.NO THICK SATURATED RECENT ALLUVIUM CRGSSING THE COMMON
BOUNDARY;
(2) TRANSMISSION AS UNDERFLOW MUST OCGCUR THROUGH EITHER THE UPPER
PLEISTOCENE DERPOSITS OR THE SaN FEDRO FORMATIONS
(3) THE uPPER PART OF THE UPPER PLEISTOCENE MATERIALS IS ALMOST
ENTIRELY CLAY AND SILT; THE UNDERFLOW WOULD HAVE TO MOVE THROUGH
THE PERMEADLE DBASAL LAYERS;
(L) ALoNG THE SaTicoy FAULT A RIDGE oF San PEDRO FORMATION HAS DBEEN
UPLIFTED ON THE S2UTH OLOCK. THE UPPER PLEISTOCENE AQUIFERS HAVE
BEEN DOWNFAULTED (SEcTion D=D', PrLaTe 14); THiIS FAULT SUPPORTS A
LARGE DIFFERENCE [N WATER LEVELS.
(5) The CounTrY CLuD FAULT ALSO SHOWS A BREAK IN WATER LEVELS IN WELLS
WHICH TAP THE UPPER PLEISTOCENE DEPOSITS. THE THROW IN THE SaN

PEDRO FORMATICN MAY BE AS MUCH as 2000 FEeeT.
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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 PEDRO FORMATION. THE UPPER PLEISTOCENE

GRAVELS APPEAR TO HMAVE 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 IT IS SUGGESTED THAT THE UNDERFLOW FROM
THE SanTa Paura BasiN To THE MounNpo 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 AFPEAR TO PINCH OUT IN THE SUDSURFACE SOUTH
OF THE FOOTHILLS. THI!S THINNING 1S INDICATED ON SecTion V=-V', PLaTe 20.
ONLY A FEW OF THE PUMPED SAN PEDRC AQUIFERS HAVE SURFACE OQUTCRCPS AND COULD
DE REPLENISHED BY RAINFALL PENETRATIONe. THE AMOUNT OF THIS REPLEN]SHMENT
1S VERY SMaLL.

RecHarGE TO THE MounD BasiN Is DERIVED LARGELY FROM THE MONTALVO
BasIN anND THE OxNARD PLAIN. THE INLAND PORTION OF THE MounND BAsiN RECEIVES
MOST OF 1ITS RECHARGE FROM THE MoNTALVO Bastin. THIS SUGGESTION IS SUPPORTED
BY THE PERSISTENT WESTERLY WATER-LEVEL SLGPE FROM THE MoNTaLvo Bastin TO
THIS PORTION OF THE MouNnD BaASiIN. THE HYDROLOGIC CONTINUITY IS BELIEVED
TO BE MAINTAINED PRIMARILY THROUGH THE 0aSAL UPPER PLEISTOCENE AQUIFERS.
THE OXNARD AQUIFER DOES NOT EXTEND INTO THE MounD Basing THE San PEDRO
FORMATION IS BADLY FAULTED. SOME IMPEDIMENT TO THE WESTERLY FLOW OF WATER
IS AFFORDED BY THE EXTENSION OF THE SaTIicoy FauLT,

RECHARGE AS UNDERFLOW FROM THE OxNARD PLaIn To THE Mounp Basin
MUST CROSS THE BARRIER OF THE MonTaLvo FauLT., THIS FAULTING HAS NOT
AFFECTED THE OXNARD AQUIFER, DUT WATER ATTEMPTING TO MOVE NORTHWARD AT THE
SHALLOW LEVELS OF THE OXNARD AQUIFER WOULD HAVE TO MOVE INTG THE THICK
UpPER PLEISTOCENE CLAYS OF THE Mouno Basin. T MAY OE CONCLUDED THAT THERE
1S ESSENT{ALLY NO POSSIDILITY OF WATER MOVING FROM THE OXNARD AQUIFER
INTC THE MOUND Basin. AT DEPTHS DETWEEN 300 anp 600 FEET FROM THE GROUND
SURFACE THERE IS OPPORTUNITY FOR NORTHERLY UNDERFLOW BUT AT LEAST A

PARTIAL RESTRICTION 1S OFFERED 0Y THE MoNTaLVO FAULT. AT GREATER DEPTHS,
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REPEATED FAULTING AND GREATER THROW ON THE MoONTALVO FAaULT wouLD MORE

EFFECTIVELY HINDER UNDERFLOW. MOVEMENTS WITHIN THE SAN PEDRO FORMATiON FROM

THE OxnNARD PLaiN To THE MoOUND BASIN ARE BELIEVED NOT TO BE IMPORTANT.

THE INFERIOR QUALITY WATERS IN THE Fox CANYON AQUIFER

R23W SUGGEST PCOR CIRCULATION.

BASIN QUTFLOW

INn SecTion 25, T2N,

WATER LEAVES THE MounD BASIN PRIMARILY AS PUMPED EXTRACTIONS.

DuriING WET PERIODS THERE IS PROBAZLY AN APPRECIABLE OUTFLOW TG THE OCEAN

WITHIN THE BASAL UrPPER PLEISTOCENE SANDS AND GRAVELS.

OCEAN TAKES PLAGCE IN THE SaN PEDRO FONMATICN

|F OUTFLOW TO THE

I'T wOULD DO SO MOST EASILY

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

RIVER. BECAUSE OF THE KNOWN DEPTHS

OF THE San PEDRO AQUIFERS AND THE KNOWN

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

SUBMARINE SaN PEDRO OUTCROPS ALCNG THE WESTERLY EXTENSION OF THE SANTA

CLarAa RIVER SYNCLINE. THERE 1S A POSSIDBILITY, HOWEVER, THAT IF HYDRAULIC

GRADIENTS PERMITTED, WATER COULD MOVE UPWARD

IN THE SaN PEDRC AQUIFERS,

ACROSS THE UNCGONFORMITY, INTO THE OASAL UpPER PLEISTOCENE GRAVELS, THEN

TO THE OCEAN FLOOR. THERE S LITTLE OPPORTUNITY FOR

MounD BAsIN INTO EITHER MonTaLvo BaAasinN or THE OxXNARD

GRADIENTS ARE PERSISTENTLY IN THE OTHER DIRECTICN.

WATER MOVEMENTS

UNDERGROUND WATER IN THE Mounp BasinN MOVES

WEST OR SOUTHWEST. THE MAIN FLOW TAKES PLACE WITHIN

FLAIN;

MOVEMENTS GUT OF THE

WATER~LEVEL

PREDOMINANTLY TOC THE

THE 0AaSAL UeppeER

PLEISTOCENE DEPOSITS FROM THE MonTAaLve Bastn THroOuGH THE Mouwnp Basin TO

THE SUBMARINE OQUTCROPS. Because THE UPPER PLEISTOCENE GRAVELS DECOME

THINNER TO THE NORTH, MOST OF THE WATER

MUST MOVE THROUGH THE SOUTHERN

PART OF THE MOUND BASIN. THESE MOVEMENTS MUST DE SOMEWHAT RETARDED BY THE

FAULTING WHICH IS KNOWN TO HAVE OCCURRED

IN THE VERY LATE PLEISTOCENE,

NEAR THE COAST, WHEN PIEZOMETRIC LEVELS IN THE UppeER FLEISTOCENE AQUIFERS

ARE DEPRESSED TO NEAR OR SELOW SEA LEVEL, THERE S PRODABLY EASTERLY

MOVEMENT FROM THE SEAWARD EXTENSIONS OF THOSE AQUIFERS.,

THERE ARE SO FEW WELLS
THAT LT 1S DIFFICULT .TO DESCRIBE
THROW IN THE San PEDRG FORMATION

Mounp BAasiN FROM THE SanTa Paura

PERFORA
THE WAT
GREATLY

Basiwn,
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INTO THE
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PLAIN. THERE HAS PRODAGLY BEEN LITTLE CIRCULATION WITHIN THE SAN PEDRO
FORMATION IN THE VERY LATE PLEISTOCENE AND RECENT BECAUSE OF A DEARTH OF
SUDMARINE OUTCROPS AND OTHER AREAS OF ESCAPE. THE WELLS IN THE SOUTHERN
COASTAL PORTION OF THE MounD Basin TaAr SaAN PEDRO AQUIFERS WHICH ARE 1IN
HYDROLOGIC CONTINUITY WITH THE OVERLYING UPPER PLEISTOCENE AQUIFERS BECAUSE
OF UNCONFORMITY TRUNGCATIONS OR MULTI-ZONE WELLS.

FLUCTUATIONS OF WATER LEVELS

WATER-LEVEL TRENDS IN THE SaAnN PEDRO AQUIFERS ALONG THE COAST NEAR
THE CiTY OF VENTURA ARE REPRESENTED BY THE HYDROGRAPH OF WELL 2N/23W-154Q1
(PLaTE 23). Two DISTINCTIVE FEATURES OF THIS HYDROGRAPH ARE (1) A MARKED
TENDENCY TO FLOW IN THE WET PERIODS, AND (2) A MARKED TENDENCY DURING
DRY PERIODS TO RETURN TO SEA LEVEL AFTER HAVING BEEN PUMPED DELOW SEA
LEVEL. THE HIGH HEADOS 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 DY RAINFALL PENETRATION ON THE OUTCROP
AREAS; THE PERFORATED AQUIFER MAY NOT EVEN HAVE AN OUTCROP. THE RECHARGE
MAY DE DERIVED FROM THE UPPER PLEISTOCENE AQUIFERS ABOVE THE UNCONFORMITY.,
THE DRY PERIOD WATER LEVELS ARE DEFINITELY RELATED TO SEA LEVEL. SINCE
SUBMARINE OUTCROPS OF SaN PEDRO AQUIFERS THIS HIGH IN THE FORMATION ARE
UNLIKELY, THE PRESSURE HEAD OF SEA LEVEL WOULD HAVE TC BE TRANSMITTED
THROUGH THE OVERLYING UPPER PLEISTOCENE AQUIFERS.

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

MONTAHLVO BASIN

BOUNDARIES
THE MoNTALVO BASIN, ALSO REFERRED TO AS THE OxNarD FoRrReEpay Basin
(RerF. 23), comprises apouT 6400 ACRES, AND INCLUDES THE MAIN FREE WATER-

TABLE AREA oF THE OxwnarD Prain (PLaTeE 17). NEAR THE NORTHEAST CORNER OF THE

[1-29



DASIN THE DOUNDARY 1S EXTENDED UP THE SanTa CLarRAa RIBER TO THE POINT WHERE
THE UNtiTED WATER ConsErvAaTION DISTRICT CURRENTLY DIVERTS FOR SPREADING
OPERATIONS. AT THIS POSITION THE DOUNDAR? COINCIDES WITH THE OCCURENCE

OF PERENN|AL RISING WATER, AND PRQDBADLY WITH A CONSTRICTION OF THE RECENT
ALLUVIUM. THE NORTH-WESTERN BOUNDARY 1S IN PART THE SATICOY FAULT AND IN
PART THE OREAK DETWEEN THE RECENT ALLYVIUM AND THE CLAYEY TERRACE DEPOSITS
oF THE MounD BasiN. NEAR THE UPSTREAM LIMIT OF THE MonTaLvo Bastin THE
EASTERN DBOUNDARY 1S A SHARP LINE BETWEEN RECENT ALLUVIUM AND THE END OF
SoutH MouNTAaIN. THE REMAINDER OF THE BASIN BOGUNDARY =— ON BOTH THE
SOUTHEAST AND SOUTHWEST SIDES =—- DOES NOT COINCIDE 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 DBOUNDARY,
WHERE THE sO0~CALLED 'fcrLay car’ DEGINS. THE DESIGNATION OF THIS GRADATIONAL
ZONE OY MEANS OF A LINE I8 HIGHLY DESIRADLE IN COMPUTING RAINFALL PENETRATION
AND JRRIGATION USE. THE OCOUNDARIES AS DELINEATED ARE ESSENTIALLY THE SAME
AS THOSE GIVEN IN AN EARLIER REPORT {(REF. 49) aND THOSE SHOWN FOR THE OXNARD
ForesAy BasinN IN BurreTin 12 (Rer. 23).

GROUND WATER GEOLOQGY

GeENERAL GEOLOGY

THE MAIN WATER-BEARING DEPOSITS OF MONTALVO BASIN GONSIST OF COARSE
ALLUVIAL MATERIALS OF RECENT AND UPFER PLEISTOCENE AGE OVERLYING WITH
MARKED UNCCONFORMITY A SEQUENCE OF PRE-MIDDLE PLEISTOCENE DEPOSITS. AN
UNCONFORMITY OF LESSER MAGNITUDE SEPARATES THE SHALLOW GRAVELS FROM THE
UrPER PLEISTOCENE LAYERS. OVER MOST OF THE AREA OF THE MonTaLvo BasiN THE
San PEDRO FORMATION IS DIRECTLY DBENEATH THE MIooLE PLEISTOCENE UNCONFORMITY.
THE Fox CANYON AQUIFER, GENERALLY THE COARSE PERMEARLE BASAL LAYERS OF THE
San PEDRO FORMATION, IS DIRECTLY UNDER THE ALLUVIAL DEPOSITS BENEATH THE
SiTrcov 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
of 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 AXI|AL TRACE IN GENERAL
FOLLOWS THE SANTA CLARA RIVER. THE PLUNGING ANTICLINE IS TERMINATED ON
THE NORTH FLANK OY THE SaTicoy FauLT, PROBABLY A BRANCH OF THE OAk RibgE

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 AQuiFeER' or "OXNARD zoONE' REFERS, IN THE
MonTaLvo BasiN, TO THE RECENT ALLUVIUM AND THE COARSE UPPER LAYERS OF THE
UpPER PLEISTOCENE DEFOSITS. THE THICKNESS OF THE OXNARD AQUIFER IN THE
MonNTALVO BASIN IS AS MUCH AS 150 FEET. BENEATH THE PREDOMINANTLY COARSE
LAYERS CONSTITUTING THE OXNARD AQUIFER ARE ALTERNATING LAYERS OF SANDS,
GRAVELS, AND CLAYS GuUMPRISING THE LOWER PART CF THE UpPER PLEISTOCENE
DEPOSITS. SEAWARD FROM THE MonTaALVO BasinN, THE OXNARD AQUIFER COMPRISES
THE PERMEAZLE LAYERS JUST DELOW THE CLAY CAP. IN THE NORTHEASTERN
CORNER OF THE MoNTALVO BASIN THERE WAS VERY LATE UPLIFT AND SOME LAYERS
DEPOSITED EARLY IN THE UPPER PLEISTOCENE WERE REMOVED OY EROSION PRIOR
TO THE DEPOSITION OF THE OXNARD AQUIFER. AT THE END OF SGUTH MOUNTAIN
THE EROSIONAL SURFACE CUT ON THE SANTA BARBARA FORMATION APPEARS TO DE
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 BASE OF THE SaN PEDRO FORMATION. THESE
PERMEADLE LAYERS FORM EXTENSIVE EAST-WEST TRENDING OUTCROPS ON THE
SOUTH FLANK OF SOUTH MOUNTAIN. IN MoNTALVO BASIN THE WESTWARD EXTENSION
OF THESE SURFACE OUTCROPS |S BURIED 2Y ALLUVIUM AND 1S REFERRED TO AS
THE "sup-aLLuviaL ouTcropP!l., FROM THE SUB=ALLUVIAL OUTCROF 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 MoNTaLVO BASIN ARE THE
SURFACE FLOWS EXITING FROM SanTa Paura Basin. [N PART, THESE FLOWS REACH
THE WATER TAOBLE BY NATURAL PERGGLATION IN THE REACH DBETWEEN THE UPFER

DASIN DOuUNDARY AND MonTaLvo BRIDGE. HOWEVER, LARGE AMOUNTS OF SURFACE
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FLOWS ARE DIVERTED FROM THE RIVER AND ALLOWED TO PERGCOLATE WITHIN THE
SaTicoy AND EL R10 SPREADING GROUNDS. UNDERFLOW FROM SANTA PauLa Basiwn
IS BELIEVED TC OCGUR ALMOST EXCLUSIVELY THROUGH THE RECENT ALLUVIUM. THE
INTERBASIN TRANSFER WITHIN THE SAN FEDRO FORMATION 1S 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 IS OF INTEREST. AT TIMES OF EXTREMELY LOW
WATER TABLES .IN THE MoNnNTALvVO BASiN, a4 PIEZOMETRIC SLOPE IS DEVELOPED WITHIN
THE Fox CANYON AQUIFER FROM THE HIGH OUTCROP AREAS ON SouUTH MOUNTAIN
TOWARD THE SUBD—=ALLUVIAL OUTCROP. UNDER SUCH CONDITIONS WATER MOVES
WESTERLY (N THE Fox CANYON AQUIFER FROM THE WEST LAS P0SAS AREA, UP THROUGH
THE SUDB-ALLUVIAL OUTCROP AND INTO THE OVERLYING ALLUVIAL DEPOSITS.
BASIN OUTFLOW |

THE LARGEST PART OF THE WATER LEAVING THE MonTALvVC Basin aAS
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 MouUND BaASIN PRIMARILY THROUGH THE DBASAL UPPER PLEISTOGCENE GRAVELS.
AT TIMES OF HIGH WATER LEVELS, SUCH AS DURING THE PERIOD 1941-1945, unNDER~-
FLOw LEAVING MoNTaALvVO 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 SLGUGPES ARE USUALLY RELATIVELY FLAT. SINCE THE RATE OF OUT
UNDERFLOW IS DIRECTLY PROPORTIONAL TO WATER—-TADLE SLOPE, THE FLAT SLOPES
DG NOT PROMOTE RAPID UNDERFLOW., THE MAX[MUM OUT UNDERFLOW OCCURS WHEN
THERE 1S AN OPTIMUM COMBINATION OF STEEP WATER-TADLE SLOPE AND A LARGE
SATURATED CROSS-SECTION THRQUGH WHICH THE UNDERFLOW IS 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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BASIN IS FULL, AS IT WAS IN THE SerING OF 1944 (PLaTE 21), THE WATER-TABLE
SLOPE IS UNIFORM AND ABOUT-15 FEET PER MILE. BY wAY OF CONTRAST, NEAR THE
END -OF A GROUP OF -DRY YEARS, WHEN THERE 1S MUCH DEPLETION OF.STORAGE, -THE

WATER—TADLE SLOPE IN THE NORTHEASTERN PART OF THE BASIN WAS ABOUT 35 FEET

PER MiLE (PLAaTE 22). THE GRADIENT FLATTENED NOTICEAGLY TOWARD THE MIDDLE

OF THE BASIN ANC REMAINED FAIRLY UNIFORM TO THE SOUTHWESTERN DOUNDARY

AT SLIGHTLY OVER 5 FEET PER MILE. EVEN AT TIMES OF MAXIMUM STORAGE

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

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

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

A SIGNIFICANT AMOUNT OF UNDERFLOW LEAVES THE MONTALVO BASIN AFTER
PASSING THROUGH THE SUB—-ALLUVIAL OUTCROP AND INTO THE Fox CaNYON AQUIFER.
THE FACT THAT THE Fox CANYON AQUIFER REPRESENTS A DISTINCT HYDRAULIC
SYSTEM 1S DEMONSTRATED DY THE PIEZOMETRIC SURFACE, WHICH ONLY 1/2 MILE
FROM THE SUD-ALLUVIAL OUTCROP RISES MANY FEET ADOVE THE LOCAL WATER TABLE.
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, CONTINUOUS
BODY OF FREE GROUND WATER. JTHE HYDROGRAPHS ARE MUGH THE SAME OVER THE -
ENTIRE BASIN, THE CHIEF DIFFERENCE USUALLY BEING ONE OF VARIABLE AMPLJTUDES
OF WATER~LEVEL FLUCTUATIONS. THE MAXIMUM AMPL ITUDES ARE SHOWN NEAR THE
SATICOY SPREADING GROUNDS, AS ON THE HYDROGRAPH oF weELL 2N/22W-12J1 (PraTe
23). THe 1957-58 rRecoveErRY was anouT 108 FEeT. EVEN IN SOME OF THE POOR
RAINFALL YEARS SUCH aAs 1953-55, THE SPREADING OF SUBSTANTIAL AMOUNTS OF
WATER PRODUCES GOOD ANNUAL RECOVERIES. AT THE LOGCATION OF weELL 2N/21W-
6P1, WHERE RELATIVELY THIN ALLUVIUM OVERLIES THE SANTA BARBARA FORMATION,
IN VERY DRY YEARS THE ALLUVIUM IS DRA!INED.

FARTHER SOUTHWEST IN THE MoNTALVO BASIN THE RECHARGE EFFECTS
ARE MUCH LESS NOTIGEABLE THAN NEAR THE SATICOY SPREADING GROUNDS. EvEN
FOLLOWING SINGLE WET YEARS THE RECOVERIES ARE SMALL. ESPECIALLY INTERESTING
IS THE HYDROGRAPH OF WELL'2N/22w—22Rﬁ (PLaTe 23). I'n 1952, WHEN NATURAL

RECHARGE WAS LARGE, BUT BEFORE THE EL Rto SPREADING GROUNDS WERE I[N
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OPERATION, THE RECOVERY WAS ONLY 14 FEET. THE EFFECTS OF HEAVY SPREADING
AT SaTicoy DURING 1953 arRe sHowN 0Y A 1953 PEAK HIGHER THAN IN THE 1952
WET YEAR., THE SUDBSTANTIALLY BETTER RECOVERY (N 1958 REFLECTS THE FIRST
LARGE~SGALE OPERATION OF THE EL RIO SPREADING GROUNDS. '

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

AQUIFER AND IS LOCATED ABOUT 1/2 MILE SOUTH OF THE SUD—-ALLUV!IAL OUTCROP,

HYDROGRAPHS ARE AVAILABLE FOR NEARDBY WELLS T2K7T anp 12K2 wWwHICH 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 usuaLLYy 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
OQUTCROP AREA OF THE Fox CANYON AQUIFER. THE HIGH HEAD CAN DE RELATED TO
THE WATER TADLE IN THE SHALLOW AQUIFER OVERLYING THE SUD-ALLUVIAL OUTCROP.
THE PIEZOMETRIC SURFACE IN THE Fox CANYON AQUIFER HAS A FLATTER SLOPE THAN
THE WATER TADLE AND RISES ABOVE IT IN A SOUTHWESTERLY DIRECT!ON.
STORAGE CAPACITY

A STORAGE=DEPLETION CURVE (PLATE 8) WAS CONSTRUCTED BY RELATING
HISTORIC WATER-LEVEL MEASUREMENTS OF weLL 2N/22W-12E1 TO‘THE UNWATERED
STORAGE CAPACITY COMPUTED FRCM A SPECIFIC YIELD STUDY. THE WATER-SURFACE
ELEVATION IN weLL 12E7 RANGED FROM A MAXIMUM oF 112 FEET ABGVE SEA LEVEL
IN THE SprinGg oF 1944 1o A MINIMuM OF 17 FEET ABDOVE SEA LEVEL IN THE FatL
oF 1951. The CALCULATED MAXIMUM STCRAGE DEPLETION WAS apout 102,000
AGRE-FEET,

OXNARD PLAIN BASIN

BOUNDARIES

T

Oxnaro Prain BasiN COINCIDES WITH THE PRESSURE PORTION OF

m

THE OxNARD AQUIFER (PLATE 17). AS EXPLAINED ADOVE, THE BOUNDARY DETWEEN
THE MoONTALVO BasiN aND THE OXNARD PLAIN BASIN APPROXIMATES THE {NLAND
LIMIT OF THE CLAY CAP. THE NORTHERN BOUNDARY |S PLAGCED ALONG THE SANTA
CLarRA RIVER FOR THERE ARE NO OXNARD AQUIFER WELLS NORTH OF THE RIVERs. [|HE
EASTERLY SWING OF THE SANTA CLARA RIVER DURING THE DEPOSITION OF THE ‘

OXNARD AQUIFER WAS CONTROLLED BY SouTH MouNTAIN, THE WEST END OF THE
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CamaritLo HiLLS, AND THE WEST END OF THE SaNTA Monica MounTainNs AT POINT
Mucu. THE EDGE OF THE OXNARD AQUIFER DBETWEEN SO0uUTH MOUNTALIN AND THE
CaMARILLO HILLS HAS CEEN LOCATED FROM THE LOGS OF SHALLOW WELLS AND IN PLACES
1S ACCENTUATED B8BY A TOPOGRAPHIC BREAK. THE OXNARD AQUIFER DOES NOT EXTEND
INTO THE WesT Las PosaAs AREA; SHALLOWER WATER SUPPLIES ARE NOT AVAILAGLE

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

CaMaritLLo HILLS THE DOUNDARY WAS DETERMINED FROM WELL-LOG STUDIES,

GROUND WATER GEOLOQGY

GeneEraL GEOLOGY

As 1T Now EX1sTS, THE OxNaARD PLAIN WAS BLOCKED OUT STRUCTURALLY
DURING MipDDLE PLEISTOGENE TIME., EARLIER IN LaTE PLEISTOCENE TIME THE
ENTIRE PLAIN AND THE SOUTHERN PART OF THE MOUND BASIN WERE COVERED DY
SanTa Crara RIVER DEPOSITS WHICH WERE SPREAD OUT ON THE EXTENSIVE EROSIONAL
SURFACE THAT HAD BEEN CUT ON THE SanN PEDRO FORMATION. THESE EARLIER RIVER
DEPOSITS AND THE AGCGOMPANYING TERRACE MATERIALS FLANKING THE OxnNARD PLAIN
AND THE MounD BasinN WERE MODERATELY FOLDED, FAULTED AND TILTED BY VERY LATE

PLEISTOCENE DI1ASTROPHISM, 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 LA!D DOWN BY THE SanTa CLara River onN THE OxnarRD PLatN,
OnceE THE SanNTa CLARA RIVER HAD CLEARED THE WESTERN END OF SouTH MounTaln,
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 POSIT!ON OF Woob Roab. DURING THE EARLY STAGES OF THIS
DEPOSITION, COARSE GRAVELS WERE SPREAD OVER THE ENTIRE PLAIN AREA, GENERALLY
WITH THE GREATEST THICKNESS ALONG THE SaTIcoY-OxNARD-PORT HUENEME AXIS,
AND WITH THINNING IN DBOTH DIRECTIONS FROM THIS AXIS. IN THE LATER STAGES
OF THE DEPOS!TION THE GRAVELS WERE NOT SO WIDESPREAD,; BUT WERE RESTRICTED
TO WHAT 1S NOW CALLED THE MonTaLvO Basine. Seawarp 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 ‘''crLay caP', WITHIN THE MONTALVO Basin THE OXNARD AQU!FER I8
CONSIDERED TO EXTEND FROM THE GROUND SURFACE TO A DEPTH OF apouT 150 FEeEeT,

ALONG THE MAIN AXIS OF GRAVEL DEFPOSITION THERE [S A GRADUAL THINNING
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SEAWARD TO A THICKNESS OF apouT 100 FEET AT THE COASTLI

NEs THE BASE OF THE

AQUIFER sSLOPEs abcouT 10 FEET PER MILE, AND OENEATH PorT HUENEME 1S AT A

DEPTH OF aDOUT 250 FEET. |IN DOTH DIRECTIGNS FROM THE MAIN AXiS THE OXNARD

AQUIFER SHOWS A GENERAL THINNING AND A TENDENCY TO DECOME SEVERAL COARSE

ZONES SEPARATED BY ocLavs (SecTion S-St', PuaTte 18). THE EXACT NORTHERN

LiMIT OF THE OXNARD AQUIFER CAN NOT DE DETERMINED BECAUSE OF A LACK OF WELLSS

IT MUST CORRESPOND FAIRLY CLOSELY, HOWEVER, TO THE PRESENT CCURSE OF THE

Santa CLara RIVER. THE WELL LOG CONTROL ON THE EASTERN LIMIT, IN THE

VICINITY oF Woob ROAD, IS USUALLY MUCH DETTER, ALTHOUGH
THE OXNARD AQUIFER IS NOT SO DISTINCTIVE. In Muau Nava
(1N/21W-31L1) THE OXNARD AQUIFER APPEARS ON THE ELECTRI
ZONE ABOUT 60 FEET THICK AND WITH ITS TOP AT A DEPTH OF
ELSEWHERE BENEATH THE Mucu NavaL BASE SANDY MATERIALS C
urPPER 500 FEET aND THE OXNARD AQUIFER IS DIFFICULT TO R

O7rzrR UPPER PLEISTOCENE AQUIFERS

BETWEEN THE DASE OF THE OXNARD AQUIFER AND TH
MARKS THE TOP OF THE San PEDRO FORMATION IS A SECTICON,

THICK, OF CLAYS, SANDS, AND GRAVELS AS YET NOT EXTENSiV

IN THE Mugu AREA
L Base weLL #3
C LOG AS A GRAVEL
ApouT 200 FEET,
OMPRISE MOST OF THE

ECOGNIZE.

E UNCONFORMITY WHICH
PERHAPS 200 FEET

ELY EXPLORED AND

TESTED BY WATER WELLS. THE BEST AQUIFER POTENTIALS IN THESE DEPOSITS ARE

IN THE SAME AREAS WHERE THE OXNARD AQUIFER Y!ELDS PROL!

HAS DEEN NO URGENCY TO DRiILL DEEPER TO TAP THESE. BENE

FiCALLY; THUS THERE
9

ATH THE EL R1o

SPREADING GROUNDS GOOD GRAVELS WERE ENCOUNTERED IMMEDIATELY DBELOW THE OxnNaRrD

AQUIFER AT DEPTHS BETWEEN 150 ano 250 FeEeT. As sHOwN ON SeEcTiOoN Q-QF,

PLaTe 18, THESE GRAVELS APPEAR TO FINCH OUT RATHER QUICKLY IN A SEAWARD

DIRECTIONG IN THE MuGu AREA, A WIDESPREAD GRAVEL ZONE NAMED THE Mucu

AQUIFER {REF. 17) IS SHOWN ON THE ELECTRIC LOG OF Muecu NavaL Base weLL #3

(IN/21%W=31L1) DETWEEN DEPTHS oF 350 anp 420 FeeT. NORTH

THE MUGU AQUIFER DBECOMES LESS PERMEADBLE AND APPARENTLY

ERLY TOWARD SaTicoY

1S REPLACED DBY A

SERIES OF ALTERNATING THIN SANDS AND CLAYS. Over THE Mucu AREA, HOWEVER,

ESPECIALLY TO THE NORTH OF THE NavaL BASE, THERE S EXTENSIVE PUMPING FROM

THIS AQUIFER.

AT THE BASE OF THE UPPER FLEISTOCENE DEPOSITS

1S A VERY IMPORTANT

UNCONFORMITY DEVELOPED ON. THE FOLDED AND FAULTED San PEDRO FORMATION. I-N

THE RELATIVELY FEW WELLS ON THE OXNaRD PLAIN WHERE IT CAN BE LOCATED WITH

CONFIDENCE, !T IS FOUND AT A DEPTH OF AbDouT 400 reeT.
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AREAS SUCH AS DBENEATH THE SATICCY SPREADING GROUNDS AND WESTERLY ALONG THE
MonNTALVO FAULT, THERE 1S A STRONG ANGULAR RELATIONSHIP. OVER MOST OF THE
AREA OF THE OxNaARD PLAIN THE ANGULAR DISCORDANGE APPEARS TO BE SMALL. A
MINOR, YOUNGER UNCONFORMITY SEPARATES THE OXNARD AQUIFER FROM THE OLDER
UppeErR PLEISTOCENE LAYERS. THERE IS ANGULAR DISCORDANCE IN THE MONTALVO
BAasIN AND THESE RELATIONSHIPS PRODADLY EXTEND WESTERLY ALONG THE MONTALVO
FAULT TO THE COASTLINE.
CLay Cap

THE CONFINEMENT OF THE OXNARD AQUIFER BENEATH THE OxNarRD PLAIN
BASIN IS GCAUSED DY THE SO0-CALLED "crLay caP', WHICH GCONSISTS OF MANY SILTY
AND CLAYEY LAYERS ALONG WITH INTERBEDDED LENSES CF SANDS AND MINOR GRAVELS.
ALTHOUGH ITS CHARACTERISTICS HAVE BEEN GENERALIZED FOR THE SAKE OF
SIMPLICITY, IN DETAIL IT IS QUITE COMPLEX. SECTION Q-Q', PLaTe 18 sHows
THE RELATIVELY ADRUPT START OF THE CLAY LAYERS WHIiCH TYPIFIES THE SOUTH-
EASTERN DBOUNDARY OF THE MoNTaLvo Basine AT THE SOUTHWESTERN BOUNDARY OF
THE MoNTALVO BASIN, THE EFFECTIVE UPSLGPE 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 INFORMAT!ION AQOUT THE
CLAY CAP WAS ODBTAINED FROM DRILLERS' LOGS; SOME HAS DEEN OBTAINED FROM
ELECTRIC L0OGS OF C!L AND WATER WELLS. THE LOW PERMEABILITY MATaéiALs ARE
CERTAINLY NOT CAPADLE OF YIELDING APPRECIABLE SUPPLIES OF WATER TO WELLS.,
LESS CERTAIN iS5 THE EXTENT TO WHICH THE S0~CALLED ‘fcrayvys™ ARE ACTUALLY
SILTS, WHICH, OVER PROLONGED PERIODS OF TIME WITH APPRECIABLE HYDRAULIGC
GRADIENTS, WILL PERMIT A SUBSTANTIAL AMOUNT OF WATER TO MOVE THROUGH THEM.
DURING THE TEST DRILLING FOR THE NEW STEAM PLANT iN SecTion 1, TIN, R23W,
NUMEROUS SAMPLES WERE TAKEN, PHYS!ICALLY TESTED, AND DESCRIBED IN DETAlL.

IHESE DESCRIP

1ONS REVEAL THAT NONE OF THE LOW PERMEADILITY LAYERS ARE
TRUE CLAYS. MANY OF THE LAYERS ARE DESCRIBED 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 EFFECTI!VE
BARRIER TO VERTICAL MOVEMENTS OF WATER DETWEEN THE OXNARD AQUIFER AND THE
SEM[-PE&CHED zo&é. NEVERTHELEéS;‘THEVCHANCEQ FORHINTERCOMMUNICA+IO~

INCREASE AS THE NET THICKNESS OF THE LOW PERMEADILITY LAYERS DECREASES. IN
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A FEW PLACES THIS THICKNESS MAY CE AS LITTLE A8 15 10 20 FEET.

THE SURFICIAL DEPOSITS OF THE OXNARD PLAIN, PERHAPS THE Tor 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.

SQURCES OF RECHARGE

THE ONLY SOURCE OF PERENNTAL RECHARGE TO THE OXNARD AQUIFER
BENEATH THE OXNARD PLAIN WHICH 1S OF REASONADLY GOOD CHEMICAL QUALITY IS
THE UNDERFLOW FROM MonNTALvVO BasIN. As wiLL DBE 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 FAVORADLE, AND IS OF VERY POOR CHEMIGCAL QUALITY.

UnpeErFLOW FROM Mounp BasiN To THE OXNARD AQUIFER IS VIRTUALLY
NONEXISTENT, FOR ALONG ITS NORTHERN LIiMIT THE OXNARD AQUIFER WAS DEPOSITED
AGAINST CLAYEY URPER PLEISTOCENE TERRACE MATER!ALS. FURTHERMORE, SUCH
MCVEMENT WOULD BE PREVENTED BY ADVERSE WATER-LEVEL GRADIENTS. MuCH THE
SAME GEOLOGIC CONDITIONS PREVAIL ALONG THE DOUNDARY OF THE OXNARD PLAIN AND
THE WEsT Las Fosas arRea., FARTHER souTH aLonGg WoobD Roab THE OXNARGD AQUIFER
SHOWS SEVERAL PERMEADLE LAYERS PINCHING OUT, AND REPLACED AT THE SAME
LEVEL 8Y THICK CONTINUOUS crLays (SecTion S-S', PLate 18). WESTERLY UNDER~

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

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

AGAINST THE VOLCANIC ROCKS OF THE Santa Monica MounNTAiINS. A VERY SMaLL
AMOUNT OF RECHARGE MIGHT BDE DERIVED FROM THIS SOURGE, BUT FROM A PRACTI!CAL
QUANTITATIVE STANDPOINT THIS |ITEM COULD BDE NEGLECTED.,

THE SOURCES OF REGHARGE TO THE OTHER UPPER PLEISTOGENE AQUIFERS ARE
MUCH LESS CLEAR. OCONTRIBUTIONS FROM THE MounD BASIN WOULD BE PREVENTED
DY ADVERSE WATER-LEVEL GRAD/ENTS. THERE ARE NO [MPORTANT PERMEADBLE ZONES
AT COMPARADLE DEPTHS IN E|JTHER WEST Las Posas OR PLEasaNT VALLEY AND
UNDERFLOW FROM THESE SOURCES WOULD BE SMALL. IF THERE 1S SIGNIFICANT
PERENNILAL RECHARGE TO THESE AQUIFERS IT IS PRODAGLY DERILVED FROM THE
MonNTALvo Basin., HOWEVER, THE GRAVELS OENEATH THE MonTaLvo Basin APPEAR TO

BE VERY LENTIcuLAR (SecTion Q-Q', PraTte 18). THE MUGU AQUIFER, WHICH IS
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THE LOWEST PERMEACLE ZONE ON SECTION Q-Q', PLaTe 18, Is VERY CONTINUOUS
IN THE MuGu AREA, BUT CAN NOT DE TRACED TO A POTENT!AL RECHARGE AREA IN
THE MoNTALVO BAasIN. I'T I's VERY 00VIOUS THAT THE DEGREE OF CONTINUITY
DISPLAYED BY THESE OLDER UPPER PLEISTOCENE AQUIFERS 1S MUCH LESS THAN THAT
0F THE OXNARD AQUIFER.
HORIZONTAL MOVEMENTS OF WATER

UNDER NATURAL CONDITIONS, WATER ENTERED THE OXNARD AQUIFER AS
STREAM PERCOLATION AND RAINFALL PENETRATION WITHIN THE MoNTALvVO BASIN, AND
AS UNDERFLOW FROM SaNTA Pauba Basin. THE WATER MOVED WESTERLY AND SGCUTHERLY
TOWARD THE OCEAN. ESCAPE OF TH!S WATER MAY HAVE TAKEN PLACE ALONG THE
ENTIRE SUBMARINE OUTCROP OF THE OXNARD AQUIFER, ALTHOUGH THE SUDMARINE
OUTFLOW WAS PRODABLY CONCENTRATED iIN HUENEME AND MUGU SUBMARINE CANYONS.
BECAUSE OF THE CONFINING CLAY GCAP, HIGH ARTES!AN HEADS WERE MAINTAINED OVER
MucH ofF THE OxXNARD Prain. Heaos oF 20 FEET OR MORE ADOVE THE GROUND
SURFACE HAVE DEEN REPORTED FOR THE PORT HUENEME AREA. THESE HIGH COASTAL
HEADS OPERATED TO SLOW THE COASTWARD UNDERFLOW, ALTHOUGH MonTaLvo Basin
PROBADLY REMAINED FULL MOST OF THE TIME, AND SHOWED HIGH LEVELS ALSO. WITH
MonTaLvo Basin 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 REAGCH
THE OCEAN. NORTH oF PoRT HUENEME, AND EXTENDING TC ABOUT THE MOUTH OF THE
Santa CLara RIVER, IS A NARROW STRIP OF SAND DUNES., UNDER NATURAL CONDITIONS,
THE DEVELGOPMENT OF A HIGH FREE WATER TADBLE IN THESE DUNES AS A RESULT OF
RAINFALL PENETRATION SERVED AS A DARRIER TO THE SEAWARD FLOW OF THE SHALLCW
GROUND WATERS., JHE 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-=TABLE
RIDGE. THE PONDING EFFECT CETWEEN PORT HUuENEME AND FOINT MuGu MAY HAVE
BEEN LESS DECAUSE OF SMALLER DUNES. ALKALI DISTRIDUTION SUGGESTS THAT THE
SURFICIAL WATERS WERE ABLE TO ESCAPE TO THE OCEAN NEAR THE RIVER MOUTH AND
NEAR PorRT HuUueENEME,

In 8ecTion 1, TIN, R23W, THE WATER-TABLE RIDGE STILL FORMS IN THE
DUNE SANDS. . IN_THE SPrING OF 1958, WHEN THERE. WAS ADNORMALLY HIGH RAINFALL,
THE WATER TAOLE IN THE DUNES HAD DUILT UP TO AN ELEVAT!ION OF apouT 20 FEET

ABOVE SEA LEVEL. A WATER SAMPLE FROM A VERY SHALLOW WELL [N 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 over 1000 PARTS PER MILLION.

IN THE Sprine 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
DUR| NG THE ws% PERIOD ENDING IN THE EARLY 1920's. ForLowing 1944, as THE
DROUGHT PROGRESSED AND AS PUMPING INCREASED, THE WATER LEVELS N THE OXNARD
PLAIN WERE LOWERED TO DBELOW SEA LEVEL OVER ALL BUT THE MCST LANDWARD
PORTIONS OF THE PLAIN. By THE FaLL oF 1957 STATIC WATER LEVELS WERE AS
SHOWN ON PLATE 22. ESSENTIALLY ALL OF THE WATER LEVELS WERE BELOW SEA LEVEL;
ONLY THE NORTHERN PART OF THE MONTALvVO BASIN AND THE CONFINED AREA TO THE
EAST SHOWED WATER LEVELS ADOVE SEA LEVEL., WATER MOVEMENTS UNDER THESE
CONDITIONS ARE TOWARD THE RESIDUAL PUMPING TROUGHS. NORTH oF PoRT HUENEME
THE PUMPING TROUGH AXIS PARALLéLs THE COASTLINE AND IS 2 TO 3 MILES INLAND.
THE LOWEST STATIC WATER LEVELS ARE NORTHEAST AND EAST CF PORT HUENEME, AND
THE WATER-LEVEL CONTOURS INDICATE THE MOVEMENT OF WATER FROM CENEATH THE
OCEAN TOWARD THE TROUGH AXIS., THE STEEP WATER-TAGLE GRADIENT NEAR Woo0D
RoAaD DOES NOT DEMONSTRATE WATER MOVEMENT FROM PLEASANT VALLEY TOWARD THE
OxNARD PLAIN; THIS IS GEOLOGICALLY IMPOSSIOBLE AT SHALLOW DEPTHS. THE
LOW WATER LEVELS NEAR THE EASTERN PINCHOUT OF THE OXNARD AQuiFER (Woob RoaD)
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 RECOVERY
(PLaTE 21). ALL THE AREA NORTH OF THE CjTy 0F OXNARD SHOWS WATER LEVELS
ABDOVE SEA LEVEL. PARTLY AS A RESULT OF THE SPREADING ACTIVITIES, MONTALVO
BASIN WAS FILLING RAPIOLY IN THE SPRInNG OF 1958. THE WATER-TABLE MOUND
IN SecTioN 23, T2N, R22W REFLECTS THE SPREADING AT THE EL Rio GROUNDS.
MoOST OF THE COASTAL PORTION OF THE OXNARD PLAIN, WHICH IN THE FacrL ofF 1957
WAS SEAWARD OF THE TROUGH AX!S, RECOVERED DBECAUSE SEA WATER MOVED {(NTO THE
OXNARD AQUIFER. THUS, FOR COASTAL AREAS, THE ''RECOVERIES'" TO SEA LEVEL MUST

BE VIEWED IN A CAUTIOUS WAY. AS OF THE SPpriInG OF 1958 THE TROUGH HAD NOT

BEEN REMOVED COMPLETELY, DBECAUSE NOT SUFFICIENT TIME HAD ELAPSED FOR

COMPLETE RECOVERY, SMALL LANDWARD GRADIENTS STILL PERSISTEOD. THe ASOVE~-

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 PLAGCES BENEATH THE OXNARD AQUIFER THERE ARE SANDS AND
GRAVELS WHICH APPEAR TC DE HYDROLOGICALLY DISTINCT FROM THE OXNARD AQUIFER.
Hueneme Navar Base were #4 (IN/22W-20B1) 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
oY (1) THE SEA-WATER FRONT IN THIS AQUIFER HAS NOT YET REACHED THE POSITION
oF WeELL 20B1; orR (2) THE AQUIFER TAPPED IS NOT IN HYDRCLOGIC COMMUNICATION
WITH SEA WATER. |F THE SEA-WATER FRONT WERE ADVANCING IN THIS AQUIFER,
THE WATER LEVELS IN wWeELL 20B71 SHOULD DE HIGHER THAN THOSE IN THE INTRUDED
OXNARD AQUIFER NEARDBY, WHICH IS NOT THE CASE. THE DEEPER AQUIFER THEREFORE
MAY DE LENTICULAR, AND NOT EXPOSED TO THE OCEAN. THE TENDENCY HERE 1S
FOR WATER TO MOVE DOWNWARD FROM THE OXNARD AQUIFER INTO THE DEEPER AQUIFER.

WeLr IN/22W-23J1 sHOWS PERSISTENTLY HIGHER WATER LEVELS THAN
SURROUNDING WELLS AND PROBABLY REPRESENTS CONDITINS IN A DEEPER, HIGHER
HEAD ZONE., JTHERE ARE NO PERFORATION DATA TO RESOLVE THIS PROBLEM. NORTH
of THE MuGu 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, |SHERWOOD AND PILLSDURY (ReF. 39) wHave
SUGGESTED A DOWNWARD LEAKAGE FROM THE SEMI-PERGHED ZONE OF acouT 14,000
ACRE-FEET PER YEAR. THEIR FIELD PROGRAM INVOLVED THE INSTALLATION OF
140 PiEZOMETERS, EACH 11 FEET DEEP, ON ROUGHLY A HALF=MILE GRID. LATER,
A NETWORK OF 21~FOOT FIEZOMETERS WAS INSTALLED ON ACOUT A ONE=-MILE GRID.
EacH OF THE 21-F0O0T PIEZOMETERS WAS INSTALLED WITHIN A FOOT OR TwWO OF AN
11=-F00OT PIEZOMETER ALREADY IN PLACE. WATER-LEVEL ELEVATIONS WERE OETERMINED

ABOUT SEMI-ANNUALLY FROM 1953 710 1956. Many OF THE PIEZOMETER PAIRS
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SHOWED A DOWNWARD HYDRAULIC GRADIENT BETWEEN DEPTHS OF 11 anND 21 FEET.

A DEEPER TEST HOLE NEAR Wo0D AND Lacuna ROADS SHOWED DOWNWARD HYCRAULIJC

GRADIENTS TO THE TOTAL HOLE DEPTH OF 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)

(&)

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

AN EXTRAPOLATED FIGURE DETERMINED FROM MEASUREMENTS TAKEN DURING

A TWO=MONTH PERIOD,.

DowNwARD VERTICAL GRADI!ENTS 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 IS UNLIKELY THAT fHE MEAN
HYDRAULIC CONDUCTIVITY IN A HORIZONTAL DIRECTION 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 THME VERTICAL BY 100 70 1, THE HORIZONTAL
GRADIENT WOULD ST!{LL HARDLY EXCEED THE VERTI!CAL GRADJENT.

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

orR O.45 FOOT PER YEAR IS ATTRIDUTED TO DOWNWARD LEAKAGE.

The O.45 FOOT 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 ISHERWOOD AND PILLSBURY HAS INVOLVED

THE FOLLOWING:

(1)
(2)

(3)

THE COLLECTION OF ALL THE WATER=LEVEL MEASUREMENTS MADE BY THEM;
PLoTTINnGg ON A BASE MAP, THE MAGNITUDES AND DIRECTIONS OF
HYDRAULIC GRADIENTS SHOWN BY WATER=-LEVEL DIFFERENCES [N THE
P!EZOQ&%ERVPAIRS; - ' V A » ”

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

v

GRADIENTS AND A CONCLUSION FROM THESE THAT [N THE PLACES THE SHALLOWEST
WATERS ARE ACTUALLY MOVING DOWNWARD. THE FOLLOWING CONDITIONS MAY DE USED
TQO EXPLAIN THE DOWNWARD GRADIENTS:

(1) APPLICATION OF WATER FRGM ADOVE (PERCHING)
(A) IRRIGATION RETURN
(8) RAINFALL PENETRATION

(2) WiTHDRAWAL OF WATER FROM DBELOW

(A) BY OUTFLOW TO THE OCEAN

(8) 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 OOTAINED
DURING A TIME WHEN APPLICATION OF WATER FROM ABOVE WAS NOT A FACTOR. Qur-
FLOW TO THE OCEAN FROM ZONES BELOW 271 FEET IS FAVORED OY A CONTINUOUS

GRADIENT TOWARD THE COASTLINE, TUT IS HINDERED OVY (A) THE WATER-TADBLE RIDGE

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

HIGHER HEADS AT DEPTH TO PERMIT QUTFLOW 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
PERMEADRILITY, THE MAXIMUM DOWNWARD GRADIENTS SHOULD COINCIDE WITH THE
AREAS OF MAXIMUM DEPRESSION OF THE OXNARD AQUIFER PIEZOMETRIC SURFACE.
THIS IS DEFINITELY NOT THE PATTERN. L MORE ACCURATE GENERALIZATION IS A
CLAY CAP OF VARIADBLE PERMEADBILITY. UNDER THESE CONDITIONS THE MAXIMUM
DOWNWARD PIEZOMETER GRADIENTS SHOULD COINCIDE WITH "HOLESY OR ROUTES OF
MAXTMUM PERMEABILITY THROUGH THE CLAY CAP. A STUDY OF THE GRADIENTS
OCTAINED FROM THE PIEZOMETER DATA REVEALS THE FOLLOWING:
(1) SOME PIEZOMETER PAIRS SHOW PERSISTENT DOWNWARD GRADIENTS; SOME
SHOW PERSISTENT UPWARD GRADIENTS; SOME SHOW OGCWNWARD GRADIENTS
AT CERTAIN TIMES, UPWA®D AT OTHERS.
(2) THERE 1S NC CONSISTENT PATTERN SHOWING THAT GRADIENTS FLUCTUATE
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 GOE

RECOGNI ZED:

(aA) Due wesT oF OxnaARD IN SecTion 5, TIN, R22W. THE OXNARD
AQUIFER HERE I8 OVERLAIN OY A NET CLAYEY THICKNESS OF AT
LEAST 70 FEET,

(o) Due easT oF PorT HUENEME IN ABouT SeEcTion 22, TIN, R22W,
MosT LoGS INDICATE A NET CLAYEY THICKNESS OF ABoUT 90 FEET
OVERLYING THE OXNARD AQUIFER.

(c) THE ENTIRE EASTERN PART OF THE COASTAL PLAIN COTH EAST AND
WEST OF WooD Roan. WEST oF Woob Roap THE OXNARD AQUIFER IS
THIN AND THE CLAY CAP 1S MUCH LESS SANDY THAN I[N THE CENTRAL
PART OF THE Oxnarp Frain. East oF Woop Rcap, IN PLEASANT
VALLEY, THERE IS NO UXNARD AQUIFER. THE HIGHEST DOWNWARD
GRADIENTS FOUND, IN PLEASANT VALLEY souTH oF CAMARILLO, WERE
RECORDED FOLLOWING A RAIN, IN MarcH 1954,

THE FOLLOWING CONCLUSIONS SEEM JUSTIFIED:
(1) THERE 1S NO WIDESPREAD GENERAL LEAKAGE THROUGH THE CLAY CAP FROM
THE SEMI-PERCHED ZONE INTO THE OXNARD AQUIFER.,
(2) THERE 1S 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 THoLES! N
THE CLAY CAP.
(3) MANY OF THE RECORDED DOWNWARD GRADIENTS MAY BE THE RESULT OCF
RAINFALL PENETRATION AND {RRIGATION RETURN, NOT NECESSARILY THE
RESULT OF WITHDRAWAL FROM DELOW.
HoweEVER, THE ISHERWOOD AND PILLSBURY DATA DO DEMONSTRATE THE
FOLLOWING:
(1) SoME WATER 1S MOVING DOWNWARD BELOW THE SOIL ZONES.
(2) THIs MOVEMENT 1S LOCAL, RATHER THAN GENERAL.
(3) THE DIRECTION OF THIS MOVEMENT MAY CHANGE WITH TIME,
THE DOWNWARD MOVEMENT IS DBEST EXPLAINED BY PUMPAGE FROM WELLS
WITH VERY SHALLOW PERFORATIONS, OR DOWNWARD TRANSMISSION To THE OXMARD
AQUIFER THROUGH MULTI-PERFORATED WELLS, ABANDONED WELLS, GR IMPROPERLY
CASED ROTARY GRAVEL=PACKED WELLS. EXCEPT IN PLEASANT VALLEY, THE DOWNWARD=
MOVING WATER |S FOR THE MOST PART REAGCHING THE OXNARD AQUIFER. THE
PRESENT DOWNWARD MOVEMENTS PROBABLY DID NOT START UNTIL THE MIn=-1940's arT
THE START OF THE CURRENT DROUGHT. "SEMILAR DOWNWARD MOVEMENTS MAY HAVE
OCCURRED DURING THE 7930's. THIS DOWNWARD MOVEMENT TO THE OXNARD AQUIFER

MUST BE VIEWED VERY SER!ICUSLY BECAUSE OF THE PCOR QUALITY OF THE SEMI=-
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PERCHED WATERS.

THE METHOD USED BY ISHERW0OOD AND PILLSBURY TO ESTIMATE THE
DOWNWARD LEAKAGE 1S VERY MUCH SUDJECT TO QUESTION. THE CHANGES IN WATER
LEVELS USED WERE ODTAINED N ONLY TWO PIEZOMETERS. I|HE 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.
ALso, THE FIGURE SELECTED APPEARS TO BE MUCH HIGHER THAN A REPRESENTATIVE
AVERAGE WATER~LEVEL LOWERING FOR THE ENTIRE PIEZOMETER AREA., THE NET WATER
MOVING DOWNWARD, O.45 FooT PER YEAR, IS EXTRAPOLATED TO AN AREA OF 32,000
ACRES, IN PLACES FAR ZEYOND THE LIMITS OF THE OXNARD AQUIFER. THIS
EXTRAPOLATION IS NOT SUPPORTADLE, FOR IN MANY AREAS THEIR DATA SHOW
GRADIENTS WHICH ARE PERSISTENTLY UPWARD, OR AT TIMES UPWARD.
FLUCTUATIONS OF WATER LEZVELS '

WITHIN THE EXTENSIVE AND CONTINUOUS OXNARD AQUIFER, THE
FLUCTUATIONS OF WATER LEVELS SHOW GRADUAL CHANGES FROM THE RECHARGE AREA
oF THE MonTAaLvO BASIN TOWARD THE 'OCEAN. AS PREVIOUSLY DISCUSSED, THE
HYDROGRAPHS OF WELLS IN THE MoONTALVO 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 MonNTALvO Basin, HOWEVER, THE
HYDROGRAPHS SHOW A RESPONSE SIMILAR TO THE EMPTYING AND FILLING SEQUENCE,
AS, FOR EXAMPLE, IN weLlL 2N/21W=-18R1 (PrLate 24). IN LaTE 1951 AND AGAIN
IN LATE 1957 THE Top oF THE OXNARD AQUIFER MAY HAVE DEEN UNWATERED IN THE
VICINITY OF THIS WELL.

CLOSER TO THE OCEAN AND THE PUMGFING TROUGH, BUT STILL LANDWARD
OF THE PUMPING TROUGH, IS WELL 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 SHOW A REGOVERY TO ABOUT
SEA LEVEL EVEN IN THE EXTREMELY DRY CONDITIONS OF LATE 1951, BUT NOT IN
LaTe 1957. THERE WAS UNUSUALLY GOOD RECOVERY ABOVE SEA. LEVEL IN THE WET
YEARS oF 1952 anpD 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

-TENDENGY TO RISE. ABOVE - |T.- .ON THE HYDROGRAPHS- 0F -WELLS- TN/21W~30F1 AND

2N/22W-31J1 (PuLaTe 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 DEEN LANDWARD FROM
THE SEAWARD EXTENSIONS OF THE OXNARD AQUIFER, AND INVASION OF OCEAN WATER
HAS OGCCURRED NEAR PORT HUENEME. ALTHOUGH WATER LEVELS DURING THE PUMPING
SEASON EACH YEAR MAY DROP SEVERAL TENS OF FEET BELOW SEA LEVEL, THERE IS
REcovséY TO ABOUT SEA LEVEL EAGH YEAR DURING THE PERIODS OF LESSER PUMPING.
BECAUSE OF THE SHORTNESS OF THE PERIODS OF MINOR PUMPING, IT IS DOUBTFUL
THAT REGOVERY 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 WHICH L0OGS WERE AVAILABLE.
IN GENERAL, THE SAND COUNTS WERE MADE TO A DEPTH ofF 400 rFeEET, UTILIZING
OIL WELL ELEGTRIC LOGS FOR PREDIGTING THIGKNESSES OF THE DEEPER SANDS IN
PLACES WHERE THE WATER WELLS DO NOT 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 MonTALvVO BASIN WAS NOT INCLUDED IN THE STUDY. 10 THE VOLUME OF
MATERIAL SO CALCULATED, A SPECIFIGC YIELD VALUE 0OF 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 wWAS ESTIMATED AS 1.1 MILLION ACRE-FEET. OSOME OF THIS SEAWARD
VOLUME HAS ALREADY BEEN REPLACED OY INTRUDING SEA WATER.
HYDRAULIC CONTINUITY WITH THE OCEAN

THERE 1S NO LONGER ANY DOUDT THAT THE OXNARD AQUIFER HAS A
SUDMARINE OUTCROP IN HUENEME SUDMARINE CANYON. NOR 1S THERE ANY DOUBT
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 1TN/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 weLL IN/22W~17J2 1S CONSISTENT WITH THE
EXPECTADLE RATE OF ADVANCE AND SHOWS CHLORIDE FLUCTUATIONS, UPCN BEING
PUMPED, LIKE THE KNOWN INTRUDED WELLS. WeELL IN/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 PROCABLE THAT THE ZONE
PERFORATED IN THIS WELL IS A LENS, WHICH HAS NO OUTCROP IN THE SUOMARINE
CANYON. THE UNUSUALLY LOW WATER LEVELS SUPPORT THE LENS EXPLANATION.\ IF
THERE ARE MORE CONTINUOUS AQUIFERS BELOW THE OXNARD AQUIFER, THESE ARE
QUITE LIKELY EXPOSED TC OCEAN WATER IN HUENEME SUBMARINE GANYON.

BeneaTH THE Mueu NavarL Base THé STATUS OF SEA=-WATER INTRUSION IS
MUCH LESS GLEAR. HIGH CHLORIDES HAVE JEEN RECORDED IN THE WATERS PUMPED
FrRoM OpservaTion WeLL #2 (1S/21W-5H1) FOR ADOUT 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 PRoODUCING WELL ON THE Mugu 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 PROBAGLY THAT BOTH HAVE OUTCROPS IN NEARDY

MUGU SUDMARINE CANYONo, AND DESPITE THE FACT THAT NO WELL AS YET
CONCLUSIVELY DEMONSTRATES THE ADVANQING SEA=WATER FRONT, IT IS HIGHLY
PROBADLE THAT SEA~WATER INTRUSION HAS DBEEN OCCURRING FOR SEVERAL YEARS IN
BOoTH THE OXNARD AQUIFER AND THE MuGuU AQUIFER. |

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

FOX CANYON AQUIFER

PHYStICAL CHARACTERISTICS AND AREAL DISTRIBUTION

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

IN A NON-=MARINE ENVIRONMENT.
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THE San PEDRO FORMATION AND FoxXx CANYON AQUIFER UNDERLIE ALMOST '
ALL OF THE COASTAL PORTION OF THE DIsSTR!ICT. VARIATIONS IN CHARACTERISTICS
FROM PLACE TO PLACE HAVE DEEN PRODUCED DY ORIGINAL DIFFERENCES [N THE
MANNER OF DEPOSITION, AND BY EXTENSIVE FOLDING AND FAULTING DURING THE
MIDDLE PLEISTOCENE DISTURBANCE, WITH SUBSEQUENT REMOVAL OF SOME OF THE
LAYERS BY EROStON. THE MIDOLE PLEISTOCENE DISTURBANCE PRODUCED A SERIES
OF EAST~WEST FOLDS AND FAULTS, SOME OF WHICH HAVE CONSIDERABLE HYDROLOG!C
SIGNIFICANCE. THE NORTHERNMOST FOLD, THE SANTA CLARA RIVER SYNGLINE
(PLATE 17) CAN DE TRACED FROM THE COASTLINE NEAR THE CITY OF VENTURA ALL
THE WAY EAST INTO THE PIRU BaASIN] IT PROBAGLY ALSO EXTENDS FOR SOME DISTANGCE
WESTERLY BENEATH THE 0CEAN. NgarR THE Santa CLarRA RiveErR THE San PEDRO BEDS
ARE ARCHED UPWARD ALONG THE MonTALvVO FAULT, A COMPLEXLY FAULTED ANTICLINAL
FOLD WHIGCH IS THE WESTWARD EXTENSION OF THE QOak RipgeE FaurLT anND SouTH
MOUNTAIN UPLIFT. THEVVERTiCAL DISPLACEMENT ON THIS HUGE ZONE OF FRACTUR!ING
DECREASES FROM A MAGNITUDE OF SEVERAL THOUSAND FEET NEAR THE END OF SOUTH
MounTatnN TO aBouT 500 FEET AT THE COASTLINE. IN THE MounNnD BASIN THE SURFACE
EXPOSURES OF THE San PEDRO FORMATION DO NOT SHOW THE THICK BASAL Fox
CANYON SANDS AND GRAVELS. EXCELLENT EXxPOSURES oF THE Fox CaNYON LAYERS
ARE FOUND ON THE SOUTH FLANK OF SOouTH MOUNTAIN# THESE CONTINUE TO THE WEST
BENEATH THE ALLUVIUM OF THE MONTALVO BASIN AND CURVE SHARPLY TO THE NORTH
WHERE THE DBEDS HAVE DEEN ARCHED ALONG THE UPTHROWN SIDE OF THE SATICOY
FauLT. THIS BURIED AREA OF THE Fox CANYON AQUIFER IS VERY IMPORTANT
HYDROLOGICALLY AND IS REFERRED TO AS THE ''SUB~ALLUVIAL OUTGROP", WESTERLY
FroM SaTicoy THE Fox CANYON AQUIFER CAN BE TRACED, USING ELECTRIC LOGS
OF OIL WELLS, ON DBOTH SIDES OF THE MONTALVO FAULT TO THE COASTLINE. THE

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

THE SanTa CLARA RIVER SYNCLINE. FRroM 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 OxwarRD PrLain, THE
WesT Las Posas area, THE CamarriLLo Hirts, aND PLEasanT VaLLEY,

ANOTHER IMPORTANT FOLD IS THE OXNARD SYNCLINE, EXTENDING

WESTERLY FROM THE WEsT Las Posas aReEa. ALONG THE AX1S OF THIS FOLD THE

BASE O0F THE Fox CanNYON 1S IN PLACES MORE THAN 2000 fFeeT pDEEP. FARTHER

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

THE WEST. IN THE CamaritLo HiLes, ExPosurReEs oF Fox CANYON BEDS ARE RELATED
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TO UPLIFTS ALONG FAULTS. THE PLEASANT VALLEY AREA SHOWS SEVERAL MINOR FOLDS
AND FAULTS, BUT 1S GENERALLY A WESTWARD=PLUNGING SYNCLINE. THE NORTH—
WESTERN FRONT OF THE SANTA Montca MOUNTAINS 1S PROBABLY 4SSOCIATED WITH A
SERIES OF FAULTS, NOW LARGELY BURIED

WATER WELLS TAPPING THE Fox CaNYON AQUIFER ARE NUMEROUS IN
PLEASANT VALLEY, BUT HAVE DEEN DRILLED ONLY‘ALONG THE EDGES OF THE OXNARD
PLain, BECAUSE THE CENTRAL PART OF THE OXNARD PLAIN |S UNDERLAIN BY A GOOD
SHALLOW AQUIFER, THERE HAS BEEN VERY LITTLE DEEP DRILLING FOR WATER.
DESPITE THIS LACK OF WATER WELLS, EXCELLENT INFORMAT!ON REGARDING THE DEPTH
AND LITHOLOGY OF THE Fox CaNYON AQUIFER QAs DEEN OBDTAINED FROM DATA COLLECTED
IN NUMEROUS OiL WELLS. ESPECIALLY VALUABLE HAVE DEEN THE ELECTRIC LOGS

THE paSE OF THE Fox CANYON AQUIFER IS QUITE READILY DETERMI{NED
FROM DRILLERS' REGORDS AND ELECTRIC LOGS, FOR DBELOW THE DBASAL GRAVEL 1S
USUALLY THE THICK SHALE OF THE SANTA BARDARA FORMATION. A RECOGNIZADBLE
CHANGE IN THE TYPES OF FOSSILS HAS BEEN DESCRIDED AS OCCURRING AT THE BASE

)
oF THE Fox CaANYON GRAVELS OR A SHORT DISTANCE BELOW THE DASE. IN THE WEST

Las Posas AREA, BENEATH THE CaMArRILLO HiLLS, AND IN PARTS OF PLEASANT VALLEY,

THE TOP OF THE SANTA BARBARA FORMATION SHOWS A THICK GRAVEL ZONE, REFERRED

To AS THE GRIMES CaANYON MEMBER., OVER MUCH OF ITS AREA OF OCCURRENCE THE

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

IN CONTRAST WITH THE GENERALLY RECOGNIZED BASE OF THE Fox CanNYON
AQUIFER, THERE SEEMS TO HAVE BEEN NO CONSISTENT INTERPRETATION FOR THE
TOP. WHEREAS THE SAND AND GRAVEL LAYERS NEAR THE DASE ARE TRACEADLE OMER
AN EXTENSIVE AREA, THE HIGHER SANDS AND GRAVELS ARE LESS CONTINUOUS,.
APPEARING AS LENSES IN VARIOUS STRATIGRAPHIC POSITIONS. ALONG THE LINE
FROM SaTicoy To PorT Hueneme (SeEcTionN Z-Z', PLATE 19) THE ELECTRIC LOGS
SHOW A CONTINUOUS DASAL GRAVEL ZONE USUALLY LESS THAN 50 FEET THICKe
ADOVE THIS 1S A PRONOUNCED CLAYEY LAYER 50 To 150 FEET THICK, WITH SEVERAL
THIN SANDY ZONES. ON TOP OF THE CLAYEY ZONE 1S THE MAIN SANDY ZONE OF THE
Fox CanvyonN aqQuifFer, abouTt 150 10 250 FEET THICK. THE VARIATION IN
THICKNESS IN THE MAIN SANDY ZONE IS EXPLAINED BY INTERFINGERING WITH CLAYS
AT THE TOP. .AND AT THE BOTTOM. . ABOVE THE LAYERS JUST DESCRIDBED 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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PERMEAGBLE LAYERS. A TYPICAL ELECTRIC LOG OF THE Fox CANYON AQUIFER IS GIVEN
IN PLaTE 26.

- "NORTHERLY FROM THE CiTy 0F OxnNARD THE Fox CaNYON AQUIFER CAN DE
TRACED, USING ELECTRIC 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', PrLaTe 20), APPEARING I[N
Mucu NavaL Base weLr #3 (1IN/214=3%1L1) as Two SANDY ZONES, EACH ABouT 70
FEET THICK. TowaRD CaMARILLO THE San PEDRO FORMATION GVERLYING THE Fox
CANYON AQUIFER DECOMES MUCH LESS SANDY; ALSO THE GrimEs CaNyON MEMBER DIRECTLY
UNDERLIES THE Fox CANYON AQUIFER, RESULTING IN A CCNTINUOUS SAND THICKNESS
oF as MmucH as 500 FEeT. '
VOLUME OF WATER IN STORAGE

THE VOLUME OF WATER STORED IN THE SANDS AND GRAVELS OF THE Fox
CANYON AQUIFER AND UPPER SAN PEDRO FORMATION WAS CALCULATED FOR THE AREA
CORRESPONDING TO THE MONTALVO, PLEASANT VALLEY, AND OxnARD PLAIN Basins.
THe MouUND BASIN WAS NOT INCLUDED (N THIS CALCULATION. ALL AVAILADLE WATER
WELL LOGS AND MANY OtL WELL toGs (ESPECIALLY ELECTRIC LOGS) WERE STUDI{ED.
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 IN THESE SANDS IS8 6 MILLION ACRE=-FEET. THERE
/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 RELIADLE ARE THE ESTIMATES WHIGCH CAN CE MADE FOR THE

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

USED DETWEEN THE SHORELINE AND THE ESTIMATED PQSITION OF THE SUBMARINE
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PLATE 26
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OUTCROP. BY ASSUMING 4 SPECIFIC YIELD oF 20 PER CENT, THE ESTIMATED VOLUME
IN STORAGE BETWEEN THE .TWC GCANYONS 15 1.5 MILLION ACRE=-FEET. THIS HAS DEEN
AN AREA OF FREE"FLUSHING AND THE WATER IS EXPECTED.TO DE OF ACCEPTADLE
CHEMICAL QUALITY. '

THE CONDITIONS OFFSHORE NORTH OF HUENEME SUBMARINE CANYON ARE
EVEN LESS CLEAR. [H!S OFFSHORE AREA IS RATHER SHALLow, AND THERE MAY BE
NO SUDMARINE OUTCROPSQ EXCEPT THOSE OF THE HIGHER ZONES OF THE UPPER SAN
PECRO FORMATION. THE NET SAND THICKNESS IN THIS OFFSHORE AREA WAS TAKEN
As 500 FEET, AND THE SPECIFIC YIELD AS 20 PER GCENT, GIVING A STORAGE VOLUME
0F 3.6 MILLION ACRE=FEET. AT THE COASTLINE, FRESH WATER HAS DEEN FLUSHED
THROUGH THE ORIGINAL MARINE SANDS TO PRESENT DEPTHS oF 3000 FeeT. IT Is
HIGHLY PROBAGLE THAT THE WATER 1S FRESH WITHIN THE Fox CANYON AQUIFER IN
THE OFFSHORE AREA NORTH OF HUENEME SUDBMARINE CANYON. HCWEVER, THE LACK OF
SUDMARINE OUTCROPS MAY HAVE RETARDED RECENT FLUSHING, AND THE CHEMIGCAL
QUALITY OF THIS WATER MAY BE POORER THAN IN THE OFFSHORE AREA SOUTH OF
HUENEME SUBMARINE CANYON.
SOURCES OF RECHARGE

As POINTED OUT ABOVE, THE Fox CANYON AQUIFER [$ OF MARINE ORIGIN
AND WAS ORIGINALLY FILLED W!TH SEA WATER. SOMETIME AFTER ITS DEPOSITION,
THE Fox CANYON SANDS AND GRAVELS MUST HAVE DEEN LIFTED OUT OF THE OCEAN
AND EXPOSED ON THE LAND SURFACE TO INFILTRATING FRESH WATERS. [|HE FRESH
WATERS MOVED SLOWLY THROUGH THESE AQUIFERS AND FLUSHED OUT THE SEA WATER.
DURING THIS FLUSHING TQE EXITS FOR THE FLUSHED WATER WERE PRODADBLY STILL
GENEATH THE OCEAN. BECAUSE OF THE DEPTH AT WHICH FRESH WATER 1S NOW FOUND
(3000 FEET IN SecTion 1, TIN, R23W) IT SEEMS APPARENT THAT THE FRESH-WATER
FLUSHING TOOK PLACE INITIALLY NOCT LONG AFTER San PEDRO DEPOSITION, OUT
BEFORE THE MAJOR MIDDLE PLEISTOCENE DIASTROPHISM WHICH HAS SO EXTENS{VELY
FOLDED AND FAULTED THESE DEDS. CIRCULATION OF FRESH WATER IN THE SHALLOWER
ZONES HAS PRODBABLY CONTINUED TO THE PRESENT TIME. PERHAPS MORE THAN ANY
OTHER EVIDENCE, THE FLUSH!NG OF THE Fox CANYON AQUIFER DEMONSTRATES THAT
IT HAS AN EXTREME DEGREE OF HYDROLOGIC CONTINUITY. CHLORIDES, AN
EXPECTADLE (ND{CATOR OF RESIDUAL SEA WATER, ARE ALMOST INVARI[ABLY THE
LEAST ABUNDANT ANION, 7

FRESH WATERS TODAY GONTINUE TO MOVE WITHIN THE Fox Canvon

AQU!FER FROM INLAND AREAS TOWARD THE COASTLINE. THE BEST PERENNIAL SOURCE
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OF RECHARGE TO THE Fox CANYON AQUIFER IS THE SATURATED ALLUVIUM OF THE
MoONTALVO BASIN, THROUGH THE SUB=ALLUVIAL OUTCROP., AS [T IS LOGCATED IN PART
UNDER THE SAT|GOY SPREADING GROUNDS, THE SUB=ALLUVIAL OUTCROP RECEIVES A
DIRECT AND IMMEDIATE DBENEF|T FROM THE DISTRICT'S SPREADING OPERATIONS.
BETWEEN THE END OF SOUTH MOUNTAIN AND THE WESTERN END OF THE CAMARILLO
HiLLs, UNDERFLOW WITHIN THE Fox CANYON AQUIFER MOVES WESTERLY FROM THE
WEsT Las Posas AREA TOwaARD THE OXNARD PLAIN. THE RESPONSE OF WATER LEVELS
in THE WesT Las PosAs AREA, HOWEVER, CLEARLY INDICATES PUMPAGE IN EXCESS OF
NATURAL REPLENISHMENT, AND THIS UNDERFLOW IS EXPECTED TO DECREASE IN THE
FUTURE. ANOTHER INCREMENT OF UNDERFLOW MOVES WESTERLY THROUGH THE Fox
CANYON AQUIFER NEAR SoMIS aND INTO PrLEASANT VALLEY. THE SOURCE OF THIS
UNDERFLOW, EasT Las Posas BasiN, IS EXPERIENCING A SEVERE OVERDRAFT, AND
THIS UNDERFLOW, TOO, WiLL DIMINISH, NO OTHER SQURCE OF RECHARGE TO THE
Fox CanNYoN AQUIFER, iN THE AREA COVERED IN THié REPORT, 1S CONSIDERED OF
MUCH QUANTITATIVE IMPORTANCE,
MOVEMENTS OF WATER ,

OVER ALMOST ALL THE AREA STUDIED THE Fox CANYON AQUIFER (S
CONFINED DY SEVERAL TO MANY THICK LAYERS OF LOW PERMEADBILITY. Because oFfF
OUTCROPS AT HIGH ELEVATIONS, ORIGINAL PIEZOMETRIC LEVELS WERE MUCH ABOVE
SEA LEVEL AND THE WATER FOLLOWED RELATIVELY SIMPLE WESTERLY PATHS FROM THE
OUTCROP AREAS TOWARD THE SUBMARINE OUTCROPS. PERSISTENT SEAWARD FLOW
CONTINUED UNTIL THE MID-1940"'s, DESPITE RELATIVELY HEAVY PUMPAGE (N
PLeasanT Vartey (PLaTe 21). STARTING PERHAPS N 1947 AND GCERTAINLY BY
1948, THE HEAVY PUMPAGE IN PLEASANT VALLEY HAD CREATED A SEVERE OVERDRAFT
AND WATER BEGAN TO MOVE WITHIN THE Fox CANYON AQUIFER FROM [TS EXTENSIONS
OENEATH 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 DBEEN AS YET LITTLE PUMPING FROM THE Fox CaANYON AQUIFER, THE
WATER LEVELS HAVE REMAINED SOMEWHAT HIGHER; SIGNIFICANT LANDWARD GRADIENTS
OF THE PIEZOMETRIC SURFACE MAY NOT YET HAVE DEVELOPED.

MANY oF THE Fox CaNYOoN WELLS IN PLEASANT VALLEY ARE LARGE-
DIAMETER GRAVEL-PACKED WELLS WITH PERFORATIONS OVER EXTENSIVE VERTICAL
INTEﬁvALé; THE wéLL cAéiNG OR GéAVELiPAbK MAY ALLOW FREE COMMUMICATION

AMONG THE Fox CaNYON AQUIFER, UPPER SAN PEDRO SANDS, AND YOUNGER ALLUVIAL
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DEPOSITS., [HESE 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 PIEZOMETRIC SURFACE THAN THOSE PERFORATED--
ALSO IN THE SHALLOW AQUIFERS. WATER PUMPED FROM THE SHALLOW AQUIFERS IS
THUS REPLACED BY WATER FROM THE Fox CANYON AQUIFER, BY FLOWING UPWARD N
WELLS DURING NON=PUMPING PERIODS, INTRUDING SEA WATER MOVING [NLAND [N ONE
AQUIFER MIGHT TRAVEL UPWARD IN A WELL TO A DIFFERENT AQUIFER, LONG DEFORE
THE SEA-WATER FRONT IN THE SECOND AQUIFER HAD REACHED THIS POSITION.
IMPEDIMENTS TO GROUND WATER FLOW

As NOTED ADOVE, THE MAIN LOWER Fox CANYON SANDS AND GRAVELS HAVE
A HIGH DEGREE OF CONTINUITY AND WATER MOVEMENT IS RELATIVELY UNRESTRICTED.
HigHER IN THE SaN FEDRC FORMATION THE WATER-DEARING ZONES ARE LESS GONTINUOUS
AND WOULD HAVE LESS GPPORTUNITY FOR FREE RECHARGE., SIMILARLY, THEY ARE
LESS SUDJECT TO SEA-WATER INTRUSION. THERE IS USUALLY VERY LIMITED INTER-
CONNECTION AMONG THESE UPPER SAN PEDRO SAND LENSES. ManNY, HOWEVER, HAVE
BEEN INTERCONNECTED REGCENTLY BY MULT!=ZONE CADLE=-TOOL WELLS AND ROTARY
GRAVEL—-PACKED WELLS.

I'n ADD!TION TO RESTé!CTIONS IMPOSED BY LENTIGULAR DEPOSITION,
UNDERGROUND FLOW IN THE Fox CanYonN AND uPPER SAN PEDRO AQUIFERS IS RETARDED
BDY SEVERAL FAULTS. VERY LITTLE WATER [S BELIEVED TO MOVE THROUGH THE‘SAN
PEDRO AQUIFERS ACROSS THE CouNTRY CLUD AND SAT!CcOY FauLTs FROM THE SaNTa
PauLA BasiN INTO THE MounD Basin. A VERY EFFECTIVE DARRIER TO UNDERFLOW
/S PROBAGLY AFFORDED 0Y THE MONTALVO FAULT AND ASSOCIATED STRUCTURAL
DISTURBANCES., IN THE CAMARILLO HiLLS THE EFFECTIVENESS OF THE SPRINGVILLE
FauLT (PLaTE 17) AS A GROUND-WATER DARRIER S AMPLY DEMONSTRATED DY A
DREAK IN THE P{EZOMETRIC SURFACE OF AS MucH As 90 FEET. THE GARRIER EFFECT
SEEMS TO DECREASE TOWARD THE WEST ALTHOUGH THERE IS NO WELL CONTROL TO
CONFIRM THIS SUGGESTION. THE CamMaritLo FaurT (PLATE 17) DOES NOT APPEAR
TO RESTRICT WATER MOVEMENTS WITHIN EJTHER 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 (Pp§T5725), LOCATED CLOSE TO THE SUB=ALLUVIAL

CUTCRQOP, SHOWS THE MARKED ODENEFICIAL EFFECTS WITHIN THE Fox CanvyonN 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 DISTRICT!'S
BEST SPREADING YEAR. AT_THIS POSITION, THE Fox CanvoN PILEZOMETRIC SURFACE
IN THE SPRING IS USUALLY 10 FEET OR SO AGOVE THE LOCALVWATER TABLE.
THE. HYDROGRAPH OF WELL 2N/21W-16R1 (PLATE 25) ILLUSTRATES THE
TREND oF Fox CaANYON PRESSURE LEVELS IN WeEsT Las FPosas BaSIN JUST EAST
oF THE OXNARD PLAIN, THE SHARP DOWNTREND, WITH LITTLE RECOVERY DURING THE
WET YEARS OF 1952 anbD 1958, !S INDICATIVE OF RATHER SEVERE OVERDRAFT.
THERE IS LITTLE DOUDRT THAT UNDERFLOW WITHIN THE Fox CANYON AQUIFER FROM
WesT Las Posas Basin To GENEATH THE OXNARD PLAIN WILL GCONTINUE TO DECREASE.
A SIMILAR, DUT EVEN MORE PRONCUNCED OVERDRAFT INDICATION IS
SHOWN BY THE HYDROGRAPH OF weLL 2N/20W-17J3 (PLaTE 25). THIS WELL Is
DRILLED INTO THE Fox CANYON AQUIFER CLOSE TO THE OOUNDARY OF PLEASANT
Varrey anp EasTt Las Posas Basin, IN THIS FREE WATER TADLE AREA THE DECLINING
WATER LEVEL IS EVIDENCE OF THE GRADUALLY DECREASING SATURATED CROSS—-
SECTIONAL AREA THROUGH WHIGH UNDERFLOW IS DEING TRANSMITTED WESTERLY INTO
PLEASANT VaLLEY. THIS SOURCE OF UNDERFLOW RECHARGE [S DIMINISHING RAP;DLY.
AWAY FROM THE RECHARGE AREA, A MORE TYPICAL HYDROGRAPH OF THE
Fox CANYON AQUIFER 1S THAT OF weLL 1IN/21W-10F1 (PLate 25). DURING THE WET
YEARS OF THE EARLY 1940's, THERE WERE RELATIVELY FEW WELLS PUMPING FROM
THE Fox CA&YON‘AQUIFER. FoLLowIneg 1945, as THE DROUGHT PROGRESSED, MANY
MORE Fox CANYON WELLS WERE DRILLED, AND THE NUMBER OF Fox CaANYON WELLS
ABOUT DOUBLED BDETWEEN 1944 anD 1951. THE COMDINATION OF FAILING RECHARGE
AND INCREASING PUMPAGE RESULTED IN STATIC PRESSURE LEVELS GOING BELOW SEA
LEVEL IN 1946, In 1948 THERE wAS AN ESPECIALLY SEVERE DROP AND THE STATIC
WATER LEVELS HAVE REMAINED DBELOW SEA LEVEL FOR MOST OF THE TIME SINCGCE THEN.
THE PUMPING 1S SO HEAVY THAT TRUE INLAND RECHARGE EFFECTS ARE MASKED.
THE SHARP RISE IN 1951~52 |s MERELY A PRESSURE RECOVERY CAUSED 3Y A
RELAT!VELY PROLONGED PERIOD OF NON-~PUMPING DURING A WET YEAR. AFTER 1953,
SEASONAL HIGHS CONTINUED TO DECLINE, BUT ONLY MODERATELY. THERE IS A MARKED
TENDENCY FOR PRESSURE LEVELS TO RETURN TO SEA LEVEL. JTHIS 1S BELIEVED
DUE TO THE OPERATION OF A U~TUDE EFFECT WITH SEA WATER ON THE OTHER LIMG.
THE RECOVERY OF THE PRESSURE LEVEL TO sSEA LEVEL (OR AGTUALLY MANY FEET
ABOVE SEA LEVEL) 1S A SLOW PROGESS AND WOULD OCGUR DURING A SUFFICIENTLY

LONG PER!IOD 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
BETTER RECOVERY IN 1958 THan IN 1857.

THe Hueneme Navar Base oeer wert (IN/22W-17B1) s PERFORATED [N
THE upéﬁn PART OF THE Fox CANYON AQUIFER, AND THIS SAND HAS CEEN TRACED TO
THE SUDB=ALLUVIAL OUTCROP AT THE SATICOY SPREADING GROUNDS. THE PIEZOMETRIC
LEVEL IN WELL 17B1 REACHED Ao PEAK IN THE MIDOLE OF MarcH 1959 purRING AN
UNUSUALLY DRY RAINFALL SEASON. |T IS SUGGESTED THAT THIS HIGH WATER LEVEL
REFLECTS THE Decemper 1958 SPREACING OPERATIONS IN THE MONTALVO BASIN. IF
THIS INTERPRETATICON {S CORRECT, THE PRESSURE WAVE TRAVELED FROM THE SATicOY
SPREADING GROUNDS TG THIS WELL, A DISTANCE OF ABQUT 8 MILES, IN THE 2%

MONTH PERIOD FROM THE END 0OF DECEMBER TO THE MIDDLE OF MaRcH.,.
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CHAPTER 111
WATER QUALITY

CRITERIA OF SUITABILITY

THE USABILITY OF.GROUND WATER J8 GENERALLY EVALUATED FROM THE
RESULTS OF CHEMICAL ANALYSES OF THE MAJOR JONIC CONSTITUENTS. Minor
CONSTITUENTS SUCH AS OORON AND FLUORIDE HAVE QEEN ADDED TO STANDARD
CHEMICAL ANALYSES DBECAUSE THEY OCCUR IN NATURAL WATERS AND ARE UNDESIRADLE
IN MINUTE QUANT}TIES; IN THE EVENT OF SUSPECTED POLLUTIONy, THE CONGENTRA~
TIONS OF MANY OTHER SUDBSTANCES MAY BE DETERMINEDR. IN ADDITION TO CERTAIN
SOLIDS D}ISSOLVED IN THE WATER, LIMITATIONS ON USADILITY MAY BE PLACED
DY FACTCRS OF TURBIDITYys COLORy OR DISSOLVED GASES.
DOMESTIC USE

CRITERIA OF ACCEPTADILITY OF WATER FOR DOMESTIC USE ARE MOST

_COMMONLY RELATED TO THE UNiTED STATES PutLlic HeEaLTH SERVICE DRINKING WATER

STanparDs oF 1946, THESE STANDARGS WERE ORIGINALLY SET IN 1914, anD wERE
REVISED IN 1942, THe 1946 VERSION REPRESENTS THE SECOND REVISION; LT IS
UNDERSTOGCD THAT A THIRD REVISION IS CURRENTLY DEING STUDIEDs AS CONCEIVED
AND REVISED; THESE STANDARDS WERE [NTENDED TO APPLY ONLY TO WATERS USED

OY INTERSTATE CARRIERS OR WATERS SUBJECT TO FEDERAL QUARANTINE REGULATICONS.
HowEVER, OECAUSE OF WIDESPREAD ADOPTION BY THE AMER[GAN WATER WORKS
ASSOCIATION AND BY MOST STATE DEPARTMENTS OF HMEALTH, THESE STANDARDS NOW
ARE GENERALLY APPLIED TO ALL PUBLIC WATER SUPPLIESs. FOR CERTAIN GHEMICAL
SUDSTANGES, THE LIMITS GIVEN ARE MANDATORY:

LEAD o o o« % o o o o o« Ou7 PART PER MILLION
FLUORIDE o » » o o o o 1a5 PPM
ARSENIC. 2 2 o o s ¢« » 0,05 pPPmM
SELENIUM o « o a2 o o« o 0.05 pPPm
HEXAVALENT CHROMIUM. » 0,05 epPmM

THERE APPEARS TO DE AMPLE EVIDENCE THAT CONCENTRATIONS IN EXCESS OF THESE
ARE TOXIC TO HUMAN DEINGS. OF THE ABOVE CHEMICAL ELEMENTS, ONLY FLUORIDE
1S OF IMPORTANCE (N THE DISTRICT, AS 1T OCCURS AS A NATURAL SUDBSTANCE IN
ALMOST ALL OF THE WATERSe THE OTHER SUDSTANCES WOULD DE EXPECGTED [N NEAR-
LIMIT CONCENTRATIONS ONLY WHERE POLLUTED BY WASTES. RECENT STUDIES 0OY THE

CaLIFORNIA DEPARTMENT -0F - FPuBLiC HEALTH HAVE ‘INDICATED THAT A RIGID -LIMIT

‘oF 1«5 PARTS PER MILLION OF FLUORIDE MAY NOT DE WIDELY APPLIGCABLE TO THE
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DIVERSE CLIMATES OF CALIFORNIA. WHERE AVERAGE ANNUAL TEMPERATURES ARE AS
HIGH As 60° F, THE MANDATORY LIMIT HAS BEEN REDUCED TO 1.0 PART PER
MILLION, As MOST OF THE AVERAGE ANNUAL TEMPERATURES. IN THE DISTRIGCT WOULD
RANGE FROM A LITTLE BELowW B6O0°F To A LITTLE AQOVE 60°F, THE INDICATED LIMIT
WOULD PROBADBLY 0E CLOSE TO 1.0 PART PER MILLION,

FOR LESS GRITICAL SUBSTANCES THE 1946 STANDARDS ENUMERATE NON-

MANDATORY, OUT RECCMMENDED LIMITS:

COPPER 4 ©+ o o o « s o s 2 s« » o o o o « 35,0 PARTS PER MILLION
IRON AND MANGANESE TOGETHER: « o« « & « o 0.3 PPM

MAGNESIUM: o 4 o o o o o o ¢ o « « » o 125 PPM

ZINC 4 & o o a o o o o 2 o o « o » « « 15 PPM

CHLORIDE o & 2 o o o s s s « o« o a « o 250 PPM

SULFATE. o o o o o o s « a2 s o « » &« o« 250 PPM

PHENOLIC COMPOUNDS, IN TERMS OF PHENCL . 0.001 pPM

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

TOTAL SOLIDS, PERMITTEDs & « &« + « » »1000 PPM

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

CONCENTRATIONS, AND CONCENTRATIONS APPROACHING OR EXCEEDING THE RECOMMENDED

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

WASTES. RON AND MANGANESE ARE MORE AOUNDANT IN NATURAL WATERS, AND !RON
OCCAS!IONALLY APPEARS ON REPORTS OF CHEM|{CAL ANALYSES. THE REGCOMMENDED
0.3 PPM IRON PLUS MANGANESE LIMIT IS GASED, NOT UPON PHYS|IOLOGICAL
CONS|IDERATIONS, BUT UPON TASTE, AND STAINING OF PORCELAIN FIXTURES.
CERTAIN AUTHORITIES REPORT THAT THE UNDESIRADBLE QUALITIES ARE PRESENT AT
EVEN LOWER CONCENTRATIONS. |RON FROBLEMS WITHIN THE DIisSTRICT ARE NOT
SEVERE. OSOME WELLS IN THE MouND BASIN SHOW HIGH I|RON PLUS MANGANESE.
DEePER AQUIFERS OF THE SaN PEDRO FORMATION TAPPED BY THE CITY OF VENTURA
DEACH 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 IRON PLUS MANGANESE ARE FOUND IN WELLS SCATTERED OVER
THE OxnawdD PratNn anD PLEAsSANT VaLLEY., ON THE OTHER HANDy THE CONCENTRATIONS
IN Plru, FiLLMORE, AND SaNTa PauLa BASINS ARE UNIFORMLY QUITE LOW.
MagNEsIuM IN THE DISTRICT'S WATERS 1S ALMOST INVARIAUBLY THE

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

CONTENT . 1.§ -ABOVE THE -LIMIT. OF 125~PPM,~THE.TOTAL DISSOLVEDL. SOLIDS. ARE .ALSO

VERY HIGH No DISTRICT WATERS ARE KNOWN WHERE EXCESS MAGNESIUM CONSTITUTES
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THE ONLY UNDESIRADBLE CHARACTERISTIC. IT APPEARS THAT MAGNESIUM GONTENT
_BECOMES HIGH ONLY WHEN THE WATER IS POOR FOR MANY REASONS.

IN THE NATURAL FRESH WATERS OF THE DISTRICT, CHLORIGE IS ALMOST
ALWAYS THE LEAST ABUNDANT OF THE THREE MAJOR ANIONS. OCHLORIDES IN EXCESS
oF 250 PPM WOULD PRODABLY MEAN THAT THE NATURAL WATERS HAD DEEN DEGRADED.
UNDES | RABLE TASTE, RATHER THAN HEALTH CONSIZERATIONS, HAS BEEN THE BASIS
FOR THE RECOMMENDED CHLORIDE LIMIT., EXPERIMENTS IN WARMER CLIMATES HAVE
SHOWN THAT CONCENTRATIONS OF 1000 PPM MAY OE TOLERADLE TO HUMAN BEINGS. FoOR
PERSONS SUFFERING FROM HEART AND KIDNEY DISEASES, THE TOLERANCE 1S MUCH LESS
THAN FOR HEALTHY PERSONS. OTHER UNDES|RAOLE EFFECTS OF HIGH CHLORIDES ARE
SOAP-DESTROYING POWER AND CORROSIVENESS,

H1GH SULFATES IN THE WATERS OF THE DISTRICT ARE THE RULE, RATHER
THAN THE EXCEPTION. WATERS WITH LESS THAN 250 PPM OF SULFATE ARE UNCOMMON,
THE RECOMMENDED LIMIT IS BCASED UFON A LAXATIVE EFFECT RATHER THAN upr TASTE
OR TOXiCITY. NEWCOMERS TC THE HIGH SULFATE WATER SUPPLY ARE ESPECIALLY
SUSCEPTIOLE., WITHIN THE.D£STRICT, PEOPLE HAVE DEEN DRINKING WATER WiTH
500 10 1000 PPM OF SULFATE FOR MANY YEARS WITHOUT DISCOMFORT. THUS THERE
IS AMPLE PROOF THAT THE 250 PPM LIMIT IS UNNECESSARILY LOW. FURTHERMORE,
ONLY A FEW DOMESTIC OR MUNICIPAL WATER SYSTEMS [N THE DISTRICT COULD MEET
THIS REQUIREMENT.

PHENOLIC COMPOUNDS ARE COMMON ORGANIC SUBSTANCES DERIVED FROM
WASTES. EVEN IN EXTREMELY LOW CONCENTRATIONS THEY IMPART A DAD TASTE TO
THE WATER. JTHE TASTE PROBLEM [S ACCENTUATED WHEN PHENOL-BEARING WASTES
ARE CHLORINATED., THE PRESENCE OF PHENOLS IN DISTRICT WATERS WOULD GE
INDICATIVE OF THE INDISCRIMINATE DISPOSAL OF ORGANIC WASTES.

ALONG WITH SULFATE CCNTENT, THE DISTRICT WATERS GENERALLY ARE
UNABLE TO MEET THE 1946 STANDARLS WITH REGARD TO TOTAL DISSOLVED SOLIDS,
FEW WATERS ARE LOWER THAN THE =E8iRASLE 500 PPM AND A GREAT NUMBER ARE
MORE THAN 1000 ppM. THE PERMISSIDLE LiMIT oF 1000 PPM S ARSITRARY AND
iMpPRACTICAL. McKee (RerF. 21) sTaATES

HMANY COMMUNITIES IN THE UNITED STATES AND OTHER COUNTRIES USE WATER
CONTAINING FRoM 2000 To 4000 PePM OF DISSOLVED SOLIDS, WHEN NO BETTER
WATER 1S AVAILADLE. SUCH WATERS ARE NOT PALATABLE, DO NOT QUENCH
THIRST, AND MAY HAVE LAXATIVE EFFECTS UPON NEW USERS, HOWEVER, NO
HARMFUL PHYSIOLOGICAL EFFECTS OF A PERMANENT NATURE HAVE SEEN CALLED
TO THE ATTENTION OF HEALTH AUTHORITIES."
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A VERY REGENT SUMMARY REPORT BY THE STATE Board oF Hearth (RerF. 9) MayY BE

"INTERPRETED TO MEAN THAT CERTAIN OF THE RECOMMENDED LIMITS IN THE 1946

STANDARBDS WiLL NOT DE ADHERED TO RiGioLy IN VENTURA COUNTY.

AN [MPORTANT OMISSION FROM THE 1946 STANDARDS 1S A LIMIT FOR
N{TRATE CONCENTRAT!IGN. EXCESSIVE NITRATE CONTENT 1S KNOWN TO CAUSE INFANT
cyanos(s (METHEMOGLOBINEMIA), AND GASTRO-INTESTINAL DISCCMFORT AMONG ADULTS.
A LIMIT SUGGESTED HAS DEEN 10 pPM NITROGEN (44 PPM NITRATE). A SIGNIFIGANT
NUMBER OF WELLS SCATTERED THROUGHQUT 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 SHGULD 3E AVO{DED
WHERE SMALL INFANTS ARE INVOLVED.

IN ADDITION TO THE LIMITS FOR THE ADOVE OISSOLVED SUDBSTANCES,
THE 1946 STANGARDS INGLUDE STATEMENTS WITH REGARD TO DACTERIAL QUALITY,
TURBIDITY, COLOR, TASTE, AND 0DOR., OTHER RECOMMENDATIONS ARE THAT THE
PH vALUE sHouLD BE LIMITED To 10.6 AT 25°C, NORMAL CARBONATE ALKALINITY TO
120 PPM, AND THE EXGCESS OF ALKALINITY OVER HARDNESS TO 35 PPM, CALCULATED
AS CALCIUM CARBCNATE.
AGRICULTURAL USE

UNLIKE THE RELATIVELY SETTLED CRITERIA OF WATER QUALITY FOR
DOMESTIC USE, THERE HAVE BEEN NUMEROUS CLASSIFIGCATIONS OF WATER-FOR
AGRICULTURAL USE. BECAUSE OF VARIADILITY OF SOIL TYPE, CROPS GROWN, AND
CLIMATE, IT IS DIFFICULT TO DEVISE A SINGLE CLASSIFICATION SCHEME. .HOWEVER,
IN ANY SUCH SCHEME, THREE CLASSES OF DELETERIOUS EFFECTS MUST BE CONS IDERED:

(a) SarLintTy (ADVERSE OSMOTIC EFFECTS)
(o) Toxic SUBSTANCES IN LOW CONCENTRATIONS
(c) PROPORTIONS OF CATIONS

ftems (a) ano (D) RESULT IN DAMAGE TO THE PLANT ITseLF. |ITem (c) proDUCES
UNDES!RADLE PROPERTIES IN THE SOiL.

SALINITY IS COMMONLY MEASURED 8Y SPECIFIC ELECTRICAL CONDUCTANCE,
EJTHER K X 105 or EC x 106, A MEASURE OF THE TOTAL DISSCLVED SALTS.
However, aAs 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 DERPOSTTED WITHIN THE SCilL, AND NO LONGER STRONGLY 'I'NFLUENCE

OSMOTIC DBALANCES. DONEEN THEREFORE HAS PROPOSED USING "EFFECTIVE SALINITY!
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AS A MEASURE OF POTENTIAL ADVERSE OSMOTIC EFFECTS. FROM THE RESULTS OF A
CHEMIGAL ANALYSIS EXPRESSED IN EQUIVALENTS PER MiLLion (EPM) OR MILL!-
EQUIVALENTS PER LITER (ME/L), PROGRESS!|VELY CALC!UM CARBONATE, MAGNES|UM
CARDONATE, AND GALCIUM SULFATE ARE ASSUMED TO DBE DEPOSITED FROM SOLUTION,.
THE REMAINING EPM (OF GCATIONS oR ANIONS) WHICH GAN NOT DE GOUND UP IN THESE
THREE SALTS, ARE CONSIDERED TO CONSTITUTE "EFFECTIVE saLinITy". DoneEen's
CLASSIFICATION OF [RRIGATION WATERS ACCORDING TO EFFECTIVE SALINITY IS GI!VEN
iN TaprLe tl]-2. As INDICATED BY THE SOIL SURVEYS OF 1901 ano 1917, THE
DisTRICT IS GENERALLY FAVORED 2Y GOOD, OPEN SOiLS. MOST WATERS SHOULD THEN
BE CLASSIFIED IN TERMS OF THE OPEN SOILS SHOWN IN Tagre |ll=2. THE FIGURES
PRESENTED IN THIS TADLE WERE CONFIRMED DY DONEEN IN FIELD STUDIES OF CITRUS
GROVES IN VENTURA CounNTY., ALTHOUGH MINOR DAMAGE SUCH AS TIP BURN IS SOME-
WHAT COMMON N VENTURA COUNTY, THE ACTUAL ONSET OF YIELD REDUCTION MAY

NOT COMMENCE UNTIL THE WATER 1S WELL INTO CLass lil.

WITH REGARD TO ADVERSE OSMOTIC EFFECTS, THE SALINITY OF THE
IRRIGAT!ION WATER IS LESS CRITICAL THAN THE SALINITY OF THE RESULTING SOIL
SOLUTION, IN His VeENTuURA CounTY cITrRUS sTubY (ReEF. 27) DONEEN FOUND THAT
AT FIELD CAPACITY THE AVERAGE SO!L SOLUTION WAS 2.6 TIMES THE CONGENTRATION
OF THE [RRIGATION WATER., NEAR THE PERMANENT WILTING PERCENTAGE THE AVERAGE
CONCENTRATION OF THE SOIL SOLUTION INCREASES TO AROUT 5 TIMES THAT OF THE
IRRIGATION WATER.

OF THE TOXIC SUDSTANCES FOUND (N DISTRICT IRRIGATION WATERS, DORON
IS THE MOST CRITICAL. BORON IN MINUTE CONCENTRATIONS 1S ESSENT!AL TO THE
NORMAL GROWTH OF ALL FLANTS, AND DBORON DEFICIENCY MAY PRODUCE VERY
STRIKING SYMPTOMS. ON THE OTHER HAND, DORON-SENSITIVE PLANTS MAY SHOW
ECONOMICALLY IMPORTANT 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 1S GIVEN N TabLe | 1l=%3, PERMISSIOBLE LIMITS FOR BORON CON-
GENTRATIONS ARE GIVEN (N TasLe |I[1=4, v

CHLORIDE CONTENT IS APPARENTLY MORE CRITICAL FOR IRRIGATION USE
THAN FOR DOMESTIC USE. SENSITIVITY TO INJURY DEPENDS UPON THE CROP TYPE,
ANb SUGGESTED LIMITS ARE GIVEN N TaoLe |li-1. FrulT GROWERS LADORATORY,

SanTa Pauta, succesTs 200 PPM CHLORIDE AS THE UPPER TOLERANCE LIMIT FOR
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CITRUS AND WALNUTS, BUT PREFERS LESS THaN 7100 PPM FOR AVOCADOS.

SOoD1UM PERGENTAGE IS A MEASURE OF THE EFFECT OF AN IRRIGATION
WATER ON THE TiLTH AND PERMEADILITY CHARACTERISTICS OF A SOiL. WITH
HIGH SODIUM PERGENTAGE, SOIL GCLAYS UNDERGO A CATION EXCHANGE REACTION AND
DECOME DEFLOCGULATED. SODIUM PERGENTAGE IS 3ASED ON THE RATIC OF SODIUM
(1N ePM orR ME/L) TG THE TOTAL CATICNS. THEREFORE (T (S THE PROPORTION OF
SODIUM RATHER THAN THE ABSOLUTE CONGCENTRATION WHICH IS MORE CRITICAL.
As POINTED oUT IN U. S. DeEPARTMENT OF AGRICULTURE Hanozook 60 (Rer., 66),
THE SODIUM PERCENTAGE (SOLUDLE SODIUM PERCENTAGE - SSP) DOES NGT AGGURATELY
REFLECT THE DASE EXCHANGE REACTIONS. AS THE IRRIGATION WATER BECOMES MORE
CONCENTRATED I[N THE SOIL SCLUTION, AND ASSUMING THAT THERE IS NO SALT
PRECIPITATICGN OR ADSORPTION GF SALT BY ROOTS, THERE |8 NO CHANGE IN RELATIVE
COMPOSITIuUN. HOWEVER, THE TENDENCY OF THE SOIL TO ADSORDB SOD!UM SHOWS A
DEFINITE INCREASE, AND THE TENDENGY FOR WATER TO PRODUCE AN ALKALI SOIL

|'S MEASURED BY THE SOD!UM—ADSORPTION RATIO (SAR) WHICH IS DEFINED AS FOLLOWS:

SHR = Na™

CA++ + MG++

2

WHERE THE CATIGN CONCENTRATIONS ARE EXPRESSED IN MILLI—EQUIVALENTS PER

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

CLASSIFICATION OF IRRIGATION WATERS USING SAR AND CONDUCTIVITY AS VARIABLES.
MoST OF THE WATERS (N THE DiIsTrRICT wouLD DE PLAGED IN Crass ||

ofF Tasre Ili~1, oN THE BASIS OF SALINITY EXPRESSEC AS CONDUGCTANGCE.

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

To CrLass |. On THE BASIS OF DBORON CONTENT, MOST GF THE WATERS ARE IN CLaSS

{1 (TaoLe I11=1). WITH REGARD TO CHLORIDES, ALMGST ALL THE WATERS ARE IN

CLass |, EXCEPT WHERE FPOLLUTED DY SEA WATER OR WASTES. THE MGST REDEEMING

CHARACTERISTIC OF THE DISTRICT'S WATER SUPPLIES {S THE LOW SCDIUM

PERCENTAGE. ON THIS BASIS, VERY FEW WATERS WoULD DE LOWER THan CLass |.

OF ALL THE CRITERIA, DORON CONTENT 1S THE FACTOR WHICH HAS TO BE WATCHED

THE CLOSEST.

-INDUSTRI AL USE

THE QUALITY REQUIREMENTS OF WATER FOR INDUSTRIAL USE ARE HIGHLY
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VARI ABLE AMONG THE VARIOUS INDUSTRIES AND FOR DIFFERENT USES WITHIN AN
INDUSTRY. IN MANY INDUSTRIES, PART OF THE WATER USED |S ALWAYS TREATED,
THE CHARACTERISTICS OF THE DISTRICT'S WATER SUFPLIES WHICH MIGHT FPOSSIDLY
CREATE LIMITATIONS ON INDUSTRIAL USE wWOULD GE HARDNESS, TOGTAL DISSOLVED
SOLIDS, AND PERHAPS IRON AND MANGANESE. FOR MOST INDUSTRI AL PURPOSES, THE

WATERS ARE USADLE, OR COULD OE TREATED TO PRODUCE A WATER WHICH |S USAGLE,
PIRU BASIN

SURFACE WATERS

THE SURFACE WATERS ENTERING THE PIRU BaSIN SHOW A LARGE RANGE OF
TOTAL DISSOLVED SOLIDS, ALTHOUGH HAVING IN COMMON A PREDOMINANT CALCIUM
SULFATE CHARACTER!STIC. #ALONG THE SanTa CLaRA RIVER, TOTAL DISSCLVED
SOLIDS AS LOW AS 634 PPM AND DORON CONTENT AS LOW AS Q.21 PPM HAVE DEEN
RECORDED FOR A FLOOD FLOW oF 1680 cupic FEeT pPerR seconp (TaoLe |11-5). AT
EXTREMELY LOW FLOWS, TOTAL DISsOLVED soLins (TDS) rise To 3500 peM oR

MORE 43 AND BOCRON TO MORE THAN 1.5 PPM. FCcrR ONLY A SMALL PERCENTAGE OF THE

TIME 1S 0O0RON GVER 1.0 PPM. A4S FLOW DECREASES AND.CONCENTRATION RISES, S0DIUM

Rxsts AND OGCCASIONALLY SHOWS MORE PPM THAN CALGCIUM. PIRU CREEK IN FLOOD
FLOwS sHows TDS aAs Low as asouT 700 PPM AND DBORON AS LOw AS 0,10 rrM
(TaoLe t1i=5). Low FLowS Have TDS oF AT LeEasT 2500 PPM, WITH BORON
OCCASIONALLY MORE THAN 2.0 PPM. ALTHOUGH DATA ARE SPARSE, FLUORIGE CONTENT
DURING LOW FLOWS MAY RISE ABOVE 1.0 PPM. AS NOTED FOR THE SanTa CLaRA
RIVER, LOW FLOWS OF Piru CREEK MAY SHOW A HIGHER PPM OF SO0DIUM THAN OF

caLctuMe PIRU CREEK IS A MORE IMPORTANT SOURCE OF DBORON 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 FRUM THESE AREAS PRODABLY
INCORPORATES SALTS PREVIOUSLY DEPOSITED OY EVAPORATION OR CONCENTRATED
JY EVAPOTRANSPIRATION. VERY LOW FLOWS SHOW I[NCREASING SODIUM AND ON SOME
TRIDUTARIES THIS TREND MAY REFLECT CONTRIGUTIONS FROM OIL=FIELD WASTES.
THE FLOOD FLOWS ARE OF EXCELLENT QUALITY AND CHEMICALLY
SUITADLE FOR ESSENTIALLY ALL USES. THE LOW FLOWS ARE GENERALLY Crass [l
IRRIGATION WATERS DBECAUSE OF HI{GH EFFECTIVE SALINITY AND BORON. CHLORIDE

CONTENT AND SODIUM PERCENTAGE ARE PROPORTIONALLY OJETTER. FLUORIDES N
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TABLE 111-5
CHEMICAL ANALYSES ~ PIRU BASIN

Fiow-C.F.S, 6 ParTts PeEr MiLLiON gii'
WeLt No. :DATE ECx10 Ca Me Na HCO3 SO4 CL NO3 F B8 TDS EpM %N A
SANTA CLARA RIVER-HIGH FLOW ENTERING BASIN -

1680 4.7-58 845 85 34 L4y 167 286 21 1.3 0.4 0.21 634 k,9 23
SANTA CLARA RIVER~-LOW FLOW ENTERING BASIN

0.k 9~-3-57 3229 266 159 456 372 1638 232 1.5 1.0 1.56 2966 32,1 4o
PIRU CREEK~HIGH FLOW ENTERING BASIN

1000 3-15-52 975 106 54 29 132 O3 11 9 - 0.2 768 5.7 11
PIRU CREEK-LOW,FLOW ENTERING BASIN . _

5.0 2-7-51 1880 173 81 170 342 726 70 1 - 2.07 1420 14,2 32

ALLUVIAL WATER SHOWING EFFECT OF SANTA CLARA RIVER LOW FLOWS
4N/18W~27G1  8-18-53 2245 205 101 189 354 900 94 9.9 0.5 0.8 1803 = 16.7 31

WATER IN SAN PEDRO FORMATION SHOWING FLUOR{DE DROP

LN/19W-25M2  5-26-52 1145 108 41 80 226 369 31 b 2.2 0.9 852 6.9 28
-25M2 8-18—53 1135 109 L6 75 236 380 33 0 0.9 0.9 820 741 26

WATERS DEGRADED BY IRRIGATION RETURN’

4tN/18wW-2781  10-23-51 2020 322 152 311 392 1455 133 42 1.3 1.5 2909 26,2 32
~29P2  5-26-52 3190 Lo8 199 204 432 1695 80 4o 1.3 1.2 3386 25,2 19

LkN/19W-25A1 7-23-34 3120 k6L 169 159 L73 1550 59 53 - 1.4 2942 21,0 ("
~-25C1 10-25-51 2040 524 151 146 439 4550 85 153 1.0 1.1 3121 19.0 14
-25L5  7-23-56 2597 369 125 130 4kz7 14135 53 120 0.8 1.2 2360 16.1 16
~3hc2  10-29-51 2822 322 155 122 332 1300 44 38 - 0.8 2279 18.0 16



Piru CREEK LOW FLOWS MAY BE QUESTIONABLE.
GROUND WATERS

THE GROUND WATERS OF THE PIRU BASIN RANGE IN TDS FRrRoM ABOUT
800 pPM ToO anouT 3000 0oR S0 PPM. NG GROUND WATERS IN THE PIRU 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 DBASIS OF EFFECTIVE SALINITY. ONLY A FEwW WELL WATERS
sHow LEss THAN O.5 PPM OF BORON, AND THE SAME WELLS AT OTHER TIMES PUMP

WATER WHICH HAS A HIGHER BORON CONCENTRATION. MAX1IMUM DORON CONCENTRAT!ON

RECORDED IS 1.5 PPM, ALL WELL WATERS WITH EFFECTIVE SALINITIES OF MORE THAN

15 ARE GCONSIDERED TO HAVE BEEN DETERIORATED. THE CHEMICAL CHARACTERISTICS
OF THESE DETERIORATED WATERS ARE GIVEN IN TaprLe [11-5., OF THE SEVEN WELL
WATERS WHICH HAVE EFFECTIVE SALINITIES GREATER THAN 15, ALL BUT ONE HAVE
HIGH NITRATE GONTENTS. WeLL 4N/18W-27G1 sSHOWS MODERATELY HIGH SULFATE

AND CHLORIDE, BUT W!TH LOW NITRATE., THIS WELL IS FAIRLY CLOSE TC THE RIVER
AND REFLECTS THE DETER{ORATING EFFECTS OF THE LOW FLOWS OF THE SanTa CLARA
RivER. RECHARGE TO THIS POSITION IS RELATIVELY GOOD., BY WAY OF CUNTRAST,
WELL 27B1 IS FARTHER FROM THE RIVER AND LESS EASILY RECHARGED FROM THE
RIVERS THE WATER IN WELL 27B7 1S MUCH POORER THAN THE WATER INWwWELL 27G1,
WITH HIGHER EFFECTIVE SALINITY, VERY HIGH SULFATE, AND UNUSUALLY HIGH
CHLCORIDE, THE Moér STRIKING INCREASE, HOWEVER, IS IN THE NITRATE, WHICH
1S BELIEVED TO OFE DERIVED FROM IRRIGATIUN RETURN. JTHE DETERIORATION OF ALL
BuUT THE 27G71T WELL WATER IS BELI!IEVED DUE TO THE ENTRY OF IHRIGATION RETURN
WATER. THE HIGH NITRATE CAN NOT BDE DERIVED FROM SMALL TRIDUTARY RUNOFF,
WHICH IS TYPICALLY LOW IN NITRATE. SIMILARLY, THE DEGRADING WATERS CAN
NOT BE OIL=~FJELD ORINES WHICH SHOW HIGH CHLORIDES, VERY LOW SULFATES, AND
LOW NITRATES.

WiTHIN THE PIrU BASIN, CHLORIDES IN THE IRRIGATION WATERS PUMPED

FROM WELLS ARE ONLY A MINCR PROOL

M

Cyaav Iy .-
M, IF A PRCODLEM AT AnbL. SiMILARLY T

, THE

SODIUM PERCENTAGE IS USUALLY EXCELLENT FOR IRRIGATION USE. IN ADDITION
TO HIGH EFFECTIVE SALINITY, HIGH DORON IS A PROBLEM, AND SOME BORON DAMAGE
TC CITRUS HAS DBEEN REPORTE.:» AVERAGE OCGRON CONTENT IS A LITTLE LESS THAN

1.0 pPPM, WATERS PUMPED FROM A SINGLE WELL WIiILL SHOW A MARKED FLUCTUATION

"0F CORON CONTENT, ALTHCUGH NO LONG-TERM TREND CAN OFE DETECTED. [T IS

INTERESTING TO NCTE THAT IN THE HIGH NITRATE WELL WATERS, SHOWING
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DETERIORATION DY IRRIGAT!ON RETURN, THE DORON CONTENT !S NOT SO HIGH AS
M!IGHT BE EXPEGCTED FROM THE INCREASE IN TOTAL DISSOLVED SOL!DS. THIS
PERHAPS SUGGESTS THAT SOME BORON IS DEING DETAINED TEMPORARILY IN THE SOIL.
IN usineg THE PiIRU BASIN WELL WATERS FOR DOMESTIC USE, THE MOST
TROUDBLESOME CONSTITUENT IS FLUORIDE. AVERAGE ANNUAL TEMPERATURE 1S
PRODABLY A LITTLE OVER 60°F, S0 THE MANDATORY LIMIT WOULD PROBAGLY BE SET
cLose To 1.0 PPM. AT LEAST 26 WELLS HAVE SO FAR SHOWN FLUORIDE CONCENTRATIONS
IN ExCESS OoF 1.0 PPMs. THERE IS A MARKED TENDENCY FOR THE FLUORIDE CONTENT .
TO DECREASE WITH TIME IN CERTAIN WELLS. THIS |S ESPECIALLY TRUE OF NEW
WELLS PERFORATED ONLY IN THE San Pebro ForMmaTION (TanLe [11-5). T 18
SUGGESTED THAT THE NATIVE WATERS IN SCME GF THE PERMEABLE LAYERS OF THE
SaN PEDRO FORMATION HAD FLUORIDES IN EXCEss OF 2.0 PrM. THESE WERE
LENT!ICULAR AQUIFERS WITH RESTRICTED CIRCULATION. AS THESE LENSES WERE
PUMPED, THE CONTAINED WATERS CONTRIDUTED 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 FLUGTUATI{ON,
CORRESPONDING TO WET AND DRY CYCLES. IN THE ALLUVIAL WATERS, THE FLUORIDE
CONTENT RISES AND FALLS WITH THE TOTAL DISSOLVED SOLIDS CONTENT. ON THE
OTHER HAND, THE HIGH FLUORIDE CONTENT OF THE WATERS IN THE San PEDRO
FORMATION 1S USUALLY ASSOCIATED WITH UNUSUALLY Low TDS,

FILLMORE BASIN

SURFACE WATERS
SaNTA CLARA RIVER FLOOD FLOWS ENTERING THE FiLLMORE BASIN ARE OF

EXCELLENT QUALITY FOR ALL PURPOSES., [THESE ARE PREDOMINANTLY CALCIUM
SULFATE WATERS, WITH IMFORTANT MAGNESIUM AND ODIGARBONATE, GUT VERY MINOR
sopiuM aND cHLorIDE (TaprLe |11-6), VERY LoWw MINERALIZAT}ON IS SHOWN DBY
Sespe CREEK FLOOD FLOWS WITH TDS occastonaLLy LEss THAN 200 ppM (TaBLE
Ill-6). SesrPeE CREEK FLOGCD 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 LOW. FLOOD FLOWS
LEAVING THE FILLMORE BASIN AE A MIXTURE OF THE CONTRIBUTING SeEspPrE CREEK
AND SanTA CLARA RIVER FLOOD FLOWS WITH A CHEMICAL QUALITY REFLECTING THE
PROPORTIONATE MIXTURES.

" Low FLow SesPr CREEK WATERS, WHILE RELATIVELY LOow IN TDS,| sHow

VERY HIGH BORON CONTENT AND MARGINAL FLUOR!IDE CONCENTRATIONS. SonD1uM AND
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TABLE 111-6
CHEMICAL ANALYSES - FILLMORE BASIN

FrLow-C.F.S. 6 PArTs PeEr MiLLION EFF
WeLL No, " DaTE ECx10 Ca Ma Na HCO S0, CL NO F B TDS SaL %N a
: 3 o) 3 EPM
SANTA CLARA RIVER-HIGH FLOW ENTERING BASIN
10,000 - 3-15-52 732 88 4o 7 131 271 7 5 - 0.0 528 3.6 b
SANTA CLARA RIVER-RISING WATER ENTERING BASIN
3 - 1-12-53 1968 24ho 93 105 356 797 L6 29 - 0.85 1617 12.4 19
SESPE CREEK-HIGH FLOW ENTERING BASIN
12,300 4358 384 47 10 9.0 106 ok 5.0 - O.h 0.05 271 1.0 11
SESPE CREEK-LOW FLOW ENTERING BASIN
0.1 - 9-L4-57 1200 140 24 114 260 308 1417 1.5 1.2 2.4 874 6.9 35
ENTERING UNDERFLOW~SANTA CLARA RIVER-WET YEAR
LYN/19W-33E1 8§-25-52 1370 143 52 82 232 480 30 14 1.0 0.6 1000 8.0 24
ENTERING UNDERFLOW-SANTA CLARA RIVER=NEAR END OF DRY PERIOD
LN/19W-33E1  15-10~57 1500 142 65 86 279 516 30 21 0.7 0.6 1100 9.2 23
NATIVE SAN PEDRO WATER BENEATH POLE CREEK FAN
UN/19W-30P2 | 1~12-38 - 275 112 126 555 852 68 10 - 0.5 2018 1s5.2 19
-30P2 5-27-52 2275 272 108 118 kel 835 72 19 2.1 0.6 1815 14,0 18
-30P2  18-25-52 1996 236 71 127 544 591 80 9 0.8 0.4 1570 11,5 24
DEGRADED ALLUVIAL WATER-SOUTH SIDE OF SANTA CLARA RIVER
3N/20W-8B1 5-29-52 2940 302 117 267 370 1249 161 37 1.0 1.5 2661 21,2 32
DEGRADED ALLUVIAL WATER-NEAR WESTERN BOUNDARY OF BASIN
3N/21W~12D2 12-19-55 2905 388 114 174 479 1008 227 98 0.7 0.3 2425 17.1 21
“ATIVE SAN PEDRO WATER-SESPE UPLAND
N/20W-23L1  8-26-52 685 75 19 42 263 68 32 21 1.0 041 Lz 2.8 26
DEGRADED SAN PEDRO WATER-SESPE UPLAND
LN/20W-33G1  3-9-45 - 293 68 166 301 999 39 L9 - 0.26 1922 12.8 26



CHLORIDE ARE FROPORTIONALLY HIGHER THAN IN THE FLOOD FLOWS, BUT NOT SO
HIGH AS TO DETERIORATE THE WATERS FOR IRRIGATION USE., ALONG THE SANTA-
CLarAa RIVER, THE LOW FLOWS ENTERING AND LEAVING THE FILLMORE BaAsiN aARE

RISING WATERS. THE SPARSE CHEMICAL DATA FOR THE ENTERING RISING WATERS

SUGGEST SUBSTANTIAL CONTRIDUTIONS FROM IRRIGATION RETURN WATERS (TADLE II|—6).

A LARGE SERIES OF ANALYSES IS AVAILABLE FOR THE RISING WATERS WHICH LEAVE
THE Firrimere Basin. THESE ARE ALMOST INvARiaoLy Ctass |l IRRIGATION

WATERS, WITH DORON CONCENTRATION 0.5 70 1.0 PPM. NITRATE CONTENT [S MUCH
LOWER THAN IN THE ENTERING RISING WATERS, SUGGESTING PERHAPS THAT I|RRIGATION
RETURN WATERS ARE DEING MORE EFFICIENTLY FLUSHED FROM THE PIRU BasinNn.
FLUORIDE CONTENT IN THE EXITING RISING WATERS IS OCCASIONALLY MORE THAN

1.0 pPM.

THE SMALLER TRIDUTARIES OF FlLLMORE BASIN SHOW A DEFINITE INVERSE
RELATIONSH!IP OF TDS T0O MAGNITUDE OF FLOW. GCHEMICAL CHARACTERS ARE DIFFERENT
IN THE VAélous TRIDUTARIES. HigH FLows OF O'LEARY AND Snow CREEKS ARE
SODIUM SULFATE WATERS. Loéo (BouLDER) CREEK DURING AND FOLLOWING GOGD
RUNOFF CONTAINS CALCIUM DICARBONATE-SULFATE WATERS); DURING VERY LOW FLOWS,
THE WATER IS DOMINANT SODIUM BICARDONATE, ALTHOUGH CHLORIDES ARE RELATIVELY
HiGHe PoLE CREEK WATERS HAVE A PERSISTENT CALCIUM SULFATE CHARACTER, AND
SHOW VERY LOW GHLORIDE, NITRATE, FLUORIDE, AND BORON CONTENT.

GROUND WATERS

THE GROUND WATERS IN THE FILLMORE BaSIN WILL BE DISCUSSED FOR
FOUR AREAS: (1) mMain sTrREAM artuvium; (2) PorLe Creexk Fan; (3) souTH siDE;
anp (4) Sespe UpLanD. THE GROUND WATERS WHICH MOVE MOST RAPIDLY THROUGH
THE FILLMORE BASIN ARE THOSE WHICH FOLLOW SUBSURFACE COURSES BENEATH THE
PRESENT CHANNELS oF Sesre CREEK AND THE SaANTA CLarA RIVER. THESE WATERS
REPRESENT STREAM PERCOLATE ALONG THESE REACHES, AND ALLUVIAL UNDERFLOW
FROM PIRU BASIN AS MODIFIED BY 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 FAIRLY CONSTANT QUALITY FRoM 1952 To
1957 AND TYPICAL ANALYSES ARE GIVEN IN TaoLeE |1[-=6.

UNDERFLOW LEAVING THE FILLMORE BASIN IS BEST REPRESENTED 3Y THE
WATER PUMPED FROM welLL 3N/21W-12E1 (TasLe 111=6), ALTHOuGH THE PERFORATIONS

IN THIS WELL ARE FROM 65 To 104 FEET, AND DELOW THE YGUNGEST ALLUVIUM,
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HYDROLO®G 'S CONT!LU Tr WITH THE IMMEGIATELY OVERLYING ALLUVIUM IS BELIEVED
U BE UNRESTRICTED. THE ANALYSES FOR THIS WELL WATER SHow (1) CONSIDERABLE
vartastetiTy; (2) A peEFINITE INCREASE IN TDS since 1923; (3) Low NITRATES,
SUGGESTING LITTLE CONTRIDBUTION FROM IRRIGATIGN RETURN WATERS; (4) HiaH
TDS :» “945 A7 THE END OF A SERIES OF WET YEARS, SUGGESTING SOME WET PERIOD
FLUSHING OF SALTS. ‘

THE PoLe CREEK FAN AREA IS THE TRIANGULAR PATCH DETWEEN SESPE
CREEK AND THE SaNTA CLaRA RIVER UPON WHICH IS LOCATED THE CITY oF FILLMORE.
THERE 1S ONLY LIMITED FLUSKHING OF THE SHALLOW AQUIFERS DBENEATH THIS AREA
GY FLOOD PERCOLATION FRIM THE TWO MAIN STREAMS. RECHARGE 1S LATERALLY
FROM THE ALLUVIAL CHANNELS AND MAY NOT EXTEND VERY FAR FROM THOSE CHANNELS.
DIRECT RECHARGE TO THE AREA UNDERLYING THE CITY oF FILLMORE CGMES FROM
apove as (1) PErcoLAaTION oF Pore CREEK FLOWS; (2) RAINFALL PENETRATION;
(3) 1RR1GATION RETURN; (4) CESSPOOL ANC SEPTIC TANK RETURN (ESPEGIALLY
DEFORE THE NEW MUNICIPAL SEWAGE TREATMENT PLANT WAS PLACED IN OPERATION).
POCRER QUALITY WELL WATERS HAVE CHEMICAL QUALITIES SUGGEST!NG AS SOURCES
OF THE DEGRADING WATERS (1) IRRIGATION RETURN, OR {(2) NATIVE WATERS OF THE
SAN PEDRO FORMATION. SHALLOW PERFORATIONS ARE USUALLY AVOIDED, BUT SOME
OF THE OLDER WELLS, DRILLED WHEN SHALLOW PERFORATING WAS A MORE COMMON
PRACTICE, SHOwW HIGH TDS. HieHLY MINERALIZED NATIVE WATER IN THE San
PEDRO FORMATION IS INDICATED By THE 1938 saMpLE FrOM wELL 4N/19W-30FP2 TaKEN
SHORTLY AFTER DRILLING. THIS WELL IS PERFORATED ONLY [N THE SAN PEDRO
FORMATION. THERE WAS A MARKED IMPROVEMENT OF TH'S WATER WITH CONTINUED
pumpine (TapLe (11~6). THE HIGH NITRATE AND FLUGRIDE CONCENTRATIONS ARE
TYPICAL OF SOME OF THE SaAN FPEDRO AQUIFERS. THE HIGH NITRATE CONTENT WOULD
ELIMINATE THE SUGGESTICN THAT THESE WATERS HAVE BEEN DEGRADED 3Y THE LOW
FLOwWS OF FoLe CREEK. WEAK CHLORIDES MAY SUGGEST THAT CESSPOOL RETURN CAN
NOT DE RELATED TO THE HIGH TDS, THE anaLysts ofF 8/25/52 Fror weLL 30P2
SUGGESTS THE ENTRY OF A NEW WATER [NTO THE WELL.

IN THE BROAD ALLUVIAL FLAT SOUTH OF THE SanNTa CLarRa RIVER, THE
NORMAL ALLUVIAL WATERS HAVE DEEN DETER!ORATED IN PLACES FROM SECTION 8,

TEN, R20W To SectioN 6, T3N, R19W. THE PRIMARY SOURCE OF DEGRADING WATERS

1S IRRIGATION RETURN, AS SHOWN DY SHARFE INCREASES IN. CALC!IUM, SULFATE, -

AND NITRATE. IN CERTAIN WELLS, FLUORIDE AND DBORON ALSO OECOME HIGH. A

MINOR AMOUNT OF DETERIORATION MAY DE, ATTRIDBUTED TO OIL=-FIELD ORINES, DBUT
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CONSIDERING THE EARLY WI!DESPREAD AND INDISCRIMINATE DISPOSAL PRACTICES IN
THE BarosoaLe Oiw FIELD, IT IS SURPRISING THAT THE INDICATED DETERIORATION
IS NOT CONSiDERADLY MORE SoME oOF THE DEGRADING WATERS MAY BE DERIVED
FROM THE MOUNTAIN TO THE SOUTH OBUT THI!S SOURCE [S BELIEVED TO DBE MINOR FOR
THE FOLLOWING REASONS: (1) THERE IS NO SYSTEMATIC DECREASE [N DEGRADATION
AWAY FROM THE FRONT OF THE MOUNTAIN; (2) THE INDICATED VOLUME OF DEGRADING
WATERS S FAR LARGER THAN WOULD OBE EXPECTED FROM THE TI!GHT OLDER ROCKS)

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

EXPECTADLE FROM LEAKAGE OUT OF THE OLDER ROCKS. A TYPICAL SOUTH SIDE DEGRADED

WATER 1S GIVEN IN TaoLe |1[-6, -

WeLLs in THE SESPE UPLAND AREA PUMP MAINLY FROM THE San PEDRO
FORMATION. THERE IS8 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 FILLMORE., IN WET YEARS, HOWEVER,
THERE 1S PRODADLY MOVEMENT FROM BENEATH THE SESPE UPLAND INTO THE MAIN

ALLUVIUM, THE RECHARGE TO THE AQUIFERS DBENEATH THE SESPE UPpLAND IS THUS

'MAINLY FROM THE SIDE TRIDUTARIES —-=- TimMBeEr, O'Leary, Loro (BouLDER), AND

Snow CrReEeks. ExpecTABLY, THE CHEMICAL CHARACTER OF THE WATERS BENEATH

THE SESPE UPLAND 1S QUITE DIFFERENT FROM THOSE IN THE REST OF THE F{LLMORE
BasiN WHERE RECHARGE |S RELATED MORE CLOSELY TO THE MAIN STREAM ALLUVIUM.
THE LEAST MINERALIZED GROUND WAfERs IN THE FILLMORE BaSIN, OR FOR THAT
MATTER, IN THE ENTIRE DISTRICT, ARE FOUND IN SecTicons 23 anp 26, T&N,
R20W. THESE WATERS ARE OF A CALCIUM DICARDONATE CHARACTER, WITH UNUSUALLY
HtGH NiITRATE, AND FLUORIDE COMMONLY OVER 1.0 pPPM. THOUGH EXGCELLENT FOR
IRRIGAT!ION USE, THESE NATIVE SAN PEDRO WATERS MAY BE MARGINAL FOR DOMESTIC
USE DBECAUSE OF THE FLUORIDE AND NITRATE CONTENT. WATERS CF MUGCH THE SAME
TYPE, OUT USUALLY MORE MINERALIZED, EXTEND WESTERLY DBENEATH THE ENTIRE
Sespe UrrLaND. DETERIORATION OF GROUND WATERS IN THE SESPE UPLAND APPEARS
TO DE DUE TO IRRIGATION RETURNe. Weii 4N/20W-33G7 is PERFORATED ADOVE THE
SaN PEDRO FORMATION AND SHOWS VERY HIGH SULFATE WATERS ENTERING THE WELL
(TaoLe 111-6). HiGH NITRATE IN THIS AREA IS NOT NECESSARILY A CRITERION
OF IRR{GATION RETURN, AS THE NATIVE SAN PEDRO WATERS MAY BE HIGH IN
NITRATE ALSO. NOT ALL OF THE NUMEROUS SaN PEDRO AQUIFERS BENEATH THE
éESEEVU§LANDVCON+AIN WAféhSMWITH HIGH NiTRATE AND HIGH FLUORIDE. SoME

WATERS SHOW LOW NITRATE] THE SAME CR DIFFERENT WATERS SHOW LOW FLUORIDE.
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NEAR THE WESTERN BASIN DBOUNDARY AND NORTH OF THE RIVER, THE
SHALLOW WATERS, ESPECIALLY IN THE NW % oF SecTion 12, T3N, R21W HAVE DEEN
DEGRADED. THESE WATERS SHOW HIGH SULFATE, HIGH NITRATE AND HIGH CHLORIDE
(TaoLe {11=-6). BOTH FLUORIDE AND DORGN ARE LOW. ALTHOUGH THE DEGRADED
WATERS ARE PUMPED FROM WELLS NEAR A C|{TRUS PAGCKING PLANT, THE DETERIORANT
IS CHEMICALLY UNLIKE THE PLANT WASH AND RINSE WATERS. JTHE DEGRADING WATERS
HERE, ALS0, 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, BUT
AT TIMES, HIGH FLOOD FLOWS SHOW HIGHLY MINERALIZED WATERS (TaoLe [11=7).
SanTa PaurLa CREEK SIMILARLY SHOWS INCREASING MINERALJZATION AS FLOW
DECREASES, DUT EVEN THE LOW FLOW WATERS ARE COMPARATIVELY GOO0OD, WiTH LOW
TDS, FLUORIDE anND corRON (TasLe !11=7). ONLY AT THE END OF PROLONGED
DROUGHTS IS THE QUALITY POOR) THIS MAY BE EXPLAINED IN PART DY [RRI{GATION
RETURN UPSTREAM FROM THE SAMPLING POINT. MUCH POORER WATERS ARE ASSOC|ATED
WIiITH THE LOWER FLOWS DERIVED FROM THE CANYONS CN THE NORTH SIDE OF THE
Santa FaurLa Basin. ALL OF THESE NORTH TRIBUTARY WATERS HAVE A DOMINANT
SODIUM SULFATE CHARACTER., OCHLORIDE AND NITRATE MAY OE PROPORTIONALLY
HI1GH, AND DORON DURING LOW FLOWS MAY RISE TO MORE THAN 2.0 PpM.
GROUND WATERS - ’

GrRouND WATERS IN THE SanTa PauLa Basin, WHERE NOT DEGRADED, ARE
OF ACCEPTAOBLE BUT USUALLY NOT OF GOOD QUALITY. FOR IRRIGATION USE, BORON
S MUCH LESS A PRODLEM THAN IN THE PIru ano FicLemore Basins. FoRrR DOMESTIC
use, HIGH TDS, SULFATE, AND HARDNESS REDUGCE THE DESIRADILITY OF THE WATER
BUT FLUORIDE IS ONLY A MINOR PROBLEM.

EXxcePrT FOR A LIMITED NUMBER OF SHALLOW WELLS IMMEDIATELY ADJACENT
70 THE SanTa CrLara RIVER, MOST GROUNO WATERS ARE FUMPED FRUM THE DASAL
UrPPER PLEISTOCENE GRAVELS AND THE MaNY San PEDRO AQUIFERS WHICH ARE
COVERED BY THE ALLUVIAL FANS DERIVED FROM THE NORTH. IHE LARGEST OF THESE
FANS wAS DEPOSITED BY SaNTa Paura CrRegk; upoN THIS THE CI1TY OF SanTa

PauLa is LocATED. BECAUSE OF THE LARGE TRIDUTARY DRAINAGE THE RECHARGE

TO THIS FAN 1S EXCELLENT. SEVERAL LONG SERIES OF CHEMICAL ANALYSES ARE

AVAILADLE FOR WELLS IN THE NW % oF SecTion 11, T3N, R21W. THE TOoTAL
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TABLE [11-7

CHEMICAL ANALYSES - SANTA PAULA BASIN
Frow-C.F.S. 6 Parts PErR MiLLION EFF.
WerLL No, Date  ECx10 Ca Ms  Na HCO SO Cu NO F B TDS SaL. . %Na
3 N 3 EPM
SANTA CLARA RﬁVER-HIGH FLOWS ENTERING BASIN
1,500 CL-7-58 1745 182 62 138 253 691 66 5.4 0.7 0.65 1432  11.3 30
300 5-5-58 951 108 37 54 203 315 27 1.5 0.8 0.56 705 5.5 22
SANTA CLARA RIVER-RISING WATER ENTERING BASIN
20 9-7-54k 2115 226 86 185 337 874 97 L,5 1.0 0.88 1735 15,3% 30
SANTA CLARA RJIVER-ALLUVIAL UNDERFLOW ENTERING BASIN
3N/2IW=-12E1 3=3-23 - 105 41 58 280 237 25 - - - 710 5.9 23
~-12E1 9-9-45 - 193 56 117 380 504 96 8 - 0.4 1364 9.7 26
~12E1  7-21-52 1148 150 4o 56 286 354 38 12 0.6 0.3 923% 5.8 18
SANTA PAULA CREEK-HIGH FLOW ENTERING BASIN
1,050 1-15-52 328 L6 10 17 10k 74 13 6 0.k 0.07 266 1.6 20
SANTA PAULA CREEK~LOW FLOWS ENTERING BASIN '
6 12-12-51 2700 309 98 213 283 1288 63 4 0.7 0.8 2216 17.3 28
O.h  9-3-57 1175 92 33 118 281 265 85 1.5 0.6 0.68 9769 7.8 541
WATER IN ALLUVIUM OF SANTA CLARA RIVER ,
3N/21W-1kCh 1 7-31-56 1449 120 48 160 290 408 140 3.0 0.6 0.7 1125 11.0 b
WELL RECHARGED BY SANTA PAULA CREEK~WET PERIOD AND DROUGHT PERIOD
3N/2MW-11E2  6-24-kL 1230 143 38 75 348 310 38 17 - 0.3 970 6.k 2k
-11E2  8-6-51 - 175 46 89 328 413 63 24 - - 1148 7.6 24
NATIVE WATERS IN SAN PEDRO FORMATION
2N/22W-1M1 6-25-54 1045 108 33 72 259 293 4o 1.2 0.3 0.3 775 6.0 28
3N/21W-9R3 8-6-51 - 129 30 84 304 314 35 - - - 896 6.1 29
DEGRADED WATERS PUMPED FROM WELLS TAPPING SAN PEDRO FORMATION
3N/21W-11d1  13-29-51 = 295 118 233 365 1166 145 14 - 1.7 23%3%6 19,8 29
-16H1  .8-27-52 L4545 257 143 650 471 1530 545 3 1.0 2.8 3580 40,2 53%
-21B1  8-20-57 2212 208 70 218 436 590 215 0.3 0.6 1.6 1670  15.4 37
-28M1  7-16-52 2980 288 110 286 453 1018 258 3 0.7 1.4 2505 21.8 34
3N/22W-24R1 9~13-48 - 236 89 =252 454 962 76 L4 - 0.8 2123 18.5 36



[N

DISSOLVED SOLIDS ARE DISTINCTLY HIGHER DURING DROUGHT PERIODS THAN DURING
weT PErIops (Tapbre 111-7). AsS DROUGHT PROGRESSES THERE (S USUALLY A
PROPORTIONATE INCREASE IN SULFATE WITH RESPECT TO DICARDONATE. WHERE
PERFORATIONS ARE DEEPER, THE WATERS PUMPED ARE CONS!DERED TO REPRESENT
ESSENTIALLY NATIVE CHEMICAL CHARACTERISTICS IN THE WATERS OF THE SaN PEeEDRO
FORMATION. THESE NATIVE WATERS SHOW A CLOSE SIMILARITY OVER MUCH OF THE
SaNTAa PaurLa BasIN, WITH DOMINANT GALCIUM,AND WIiTH DBICARDONATE AND SULFATE
NEARLY EQUAL, AS WELL AS LOW NITRATE, FLUORIDE, AND BORON (TaoLE l11=7).
OVER MUCH OF THE BASIN THE SHALLOWEST WATERS ARE TYPICALLY POOR, AND THERE
1S USUALLY A PRONOUNCED I[MPROVEMENT OF QUALITY WITH DEPTH. SEVERAL CABLE~-
TOOL WELLS WERE SAMPLED AT VARIOUS DEPTHS DURING DRILLING, AND THE WATER
ANALYSES INDICATE THE NATURE OF THE CHANGES WITH DEPTH. THE SHALLOW WATERS
ARE TYPICALLY HIGH IN SULFATE AND BORON, AND PROPORTIONALLY HIGH IN SOD!UM,
WITH DEPTH THE WATERS IMPROVE TO THE MORE TYPIGCAL NATIVE SaAN PEDROC WATERS.
WESTERLY IN THE SANTA PauLa BaSIN THE SHALLOW WATERS APPEAR TO BECOME
POORER.

DETERIORAT!ION OF GROUND WATERS i8S GENERALLY RELATED TO THE ENTRY
OF THE POOR QUALITY SHALLOW WATERS, THE SOURCES OF THE DEGRADING WATERS
aRE: (1) 1RRIGATION RETURN; (2) MunicipaL sewaGeE; (3) CITRUS PACKING
PLANT waSTES; (4) oi1L-FlELD BRINES; (5) LEAKAGE FROM THE OLDER ROCKS ON
THE SOUTH SIDE.

WeLrs 3N/21W-2181,E1, F1, anp F2 HAVE DBEEN DEGRADED 8Y THE SEWAGE
TREATMENT PLANT IN THE NE % oF SecTioN 21. THE EFFLUENT OFTEN EXCEEDS ONE
OR MORE OF THE LIMITS SPECIFIED BY THE REGioNaL WaATER PoLtuTion CONTROL
BoarRD: <CcHLORIDE - 175 PPpM; anD DORON - 1.5 pPPM. WeLL 3N/21W-16H1 mMay
REFRESENT DETERIORATION FROM A CITRUS PACKING PLANT, AS SUGGESTED BY THE
HIGH SODIUM CHLORIDE CONTENT OF THE WATER. MueH OF THE MINERALIZATION

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

HiIGH NITRATES ARE MUCH LESS IN EVIDENCE THAN IN THE PIRU AND FILLMORE Basins.

[T HAS DEEN SUGGESTED THAT THE WATER IN WELL 3N/21W-28M71 HAS DEEN DEGRADED
BY WATERS LEAKING FROM SOUTH MOUNTAIN. AN ALTERNATIVE EXPLANATION 1S THAT
THE SALTS ARE DERIVED FROM IRRIGATION RETURN, WiITH PERHAPS SOME CONTRIDBUTION
BY WATERS OF SEWAGE EFFLUENT ORIGIN. THE CHEMIGAL QUALITY IS CONSISTENT
Q:TH THE ALTERNATIVE EXPLANATION. NO WELLS SUGGEST DEGRADATION BY OlL=

F]1ELD WASTES, 3Y EITHER THE SODIUM CHLORIDE WATER OF THE SouTH MoOuUNTAIN
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FIELD, OR THE SODIUM BICARBONATE WATERS PRODUCED WITH THE OIL IN THE ADAMS

AND WHEELER CANYON DRAINAGES. PooR QUALITY WATERS BENEATH THE ALLUVIAL
FANS OF AL1SO AND WHEELER CANYONS ARE SODI{UM 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 DBY JRRIGATION
EVAPOTRANSPIRATION.

MOUND BASIN

GROUND WATERS

WATERS PUMPED FROM THE MouND BASIN COME FROM THE sasaL UPPER
PLEISTOCENE GRAVELS OR FROM AQUIFERS IN THE UNDERLYING SaN PEDRO
FORMATION. AS SUGGESTED OY THE GHEMICAL ANALYSEsS In Tapte [11-8, anp -as

CONFIRMED DY THE GEOLOGIC RELATIONSHIPS, THESE WATERS MAY BE PART OF A

COMMON HYDROLOG!IC SYSTEM. FOR IRRIGATIGN USE, ALMOST ALL THE WATERS WOULD

FaLL IN Crass |11, ONLY AN OCCASIONAL WATER SHOWS AN EFFECTIVE SALINITY
OF LESS THAN 7. [BORON CONCENTRATION 1S USUALLY LESS THaN 1.0 PPM,
THE DESIRABILITY OF THESE WATERS FOR DOMESTIC USE IS LESSENED BY HIGH

HARDNESS, HIGH SULFATE, HIGH TOTAL DISSOLVED SOLIDS, AND IN PLACES HIGH

IRON. FLUORIDE IS EVERYWHERE LESS THanN 1.0 ppmM, DeerPeR DRILLING. . INTO THE

SAN PEDRO FORMATION IN THE FUTURE MAY REVEAL THAT THE DEEPER WATERS ARE

OF SOMEWHAT POORER QUALITY. DEGRADED WATERS WITHIN THE DISTRICT ARE

SHOWN BY THE ANALYSES IN TADLE lll—8. INCREASED MINERALIZATION 1S USUALLY

ACCOMPANIED BY A SHARFP INCREASE IN NITRATE. AS MCST OF THE KNOWN NATIVE
WATERS ARE FAIRLY LOW IN NITRATE, THE DEGRADING WATERS MIGHT BE
IRRIGATION RETURN. SUCH AN EXPLANATION wWOULD REQUIRE (A) VERY SHALLOW
PERFORATIONS; OR (B) FAULTY WELL CONSTRUCT!ION EITHER [N THE WELL SAMPLED
OR IN A WELL NEARDY.

THe MounD BASIN 1S AN AREA WHERE THE SaN PEDRO AQUIFERS ARE
LEN
SOME OF THE KNOWN POORER QUALITY WATERS MAY BE DERIVED FROM THESE LENSES.
STATUS OF SEA-WATER INTRUSIOCN

No wWeLLs IN THE MOUND BASIN HAVE YET SHOWN THE HIGH CHLORIDES

OF INTRUCING OCEAN WATER,s BUT SUCH INTRUSICN MAY BE PHYSICALLY POSSIDLE

THROUGH THE DASAlL UPPER PLEISTOCENE AQUIFERS. THE CLOSEST POSSI{GLE

SUDMARINE OUTCROPS WOULD OE MANY MILES FROM SHORE AND THE SEA-WATER FRONT

f11-15
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TABLE 111[1-8
CHEMICAL ANALYSES — MOUND AND MONTALYO BASINS

cwowZUFLS, 5 o . _Parvs PEx MiLLloON L e EFr,
IeL L Noa : DaTe ECx10 Ga Ma Na HCO3 804 Cu NO.‘5 F B TDS SAL. %N A
- EPM

MOUND BASIN

TIVE WATER N UPPER SAM PEDRO FORMATION
AN/23uTT 0 82553 650 162 43 157 405 480 74 5.6 0.3 0.5 1168 10.5 37

MVE WATER [N RASAL UPPER PILEISTOCENE GRAVELS

T22u- 72 6-25-52 1453 139 4O 135 2h2  hok 81 3.1 0.h 0.2 1124 9.3 36
- ORER QUALITY WELL WATERS )
o /22W-17LT 0 642352 5000 354 160 284 506 1320 175  5h 0.6 0.6 2599  20.6 32
2081 6.-29-5L 2820 346 92 241 298 1095 191 63 0.2 0.6 2474 18,2 30
L 23We-ehk2 0 62950 2210 255 79 162 288 828 142 85 0.4 0.6 1854 13,8 26
2Kz b5y - 363 100 271 304 1228 207 111 0.5 0,5 2584  20.0 31
‘ MONTALYO BASIN
TLUTA CLARA RIVER-HIGH FLOW ENTERING BASIN 4
000 L 12655 w3k 63 19 53 a5 236 24 5,0 . 0,20 508 2.9 33
35miiTa CLARA RIVER-RISING WATER ENTERING 3ASIN
2 8-5-52 1,470 18 77 180 278 770 105 2 = 0,81 1540 14,3 3%
' ERS IN OXNARD AQUIVER
PN 22W-11R1T  11-28-52 1200 113 37 410 266 335 .32 3 0.7 0.6 838 7.9 35
~27F1 §.-27-54% 1700 18h 66 106 kL 542 7L z,.8 0.4 0.7 1389 10,2 2h
PRADED wAwa s PUMPED FROM OXNARD AQUIFER WELLS
T22u- 1A 117550 2128 220 /7 240 383 897 106 5,0 0,7 0.8 1920 17.0 %9
~11A2 ;w1~4~54 2127 213 w1 2ho 393 87k 95 6.9 0.8 0.7 1730  17.3 38
=201 0 82he53 0 2410 209 Y0 198 344 807 92 9.9  0O.h 0.5 1699  14.5 35
=141 1212451 2020 226 5 134 281 763 o8 20 0.5 0.8 1940 12.2 25
-26F1  11-10-50 - 305 106 149 350 1097 80 5 - 1.1 2111 15.7 21
-27F2  11-3-54 2500 338 107 125 344 975 98 143 0.8 0.6 2060 L.k 17



WITHIN THE BAsaL UPPER FLEISTOCENE AQUIFERS WOULD NOT REACH THE COASTLINE
FOR MANY DECADES, [HE DBASAL LAYERS OF THE SAN PEDRO FORMATION CROP OUT
ALONG THE OCEAN DOTTOM WEST OF THE VENTURA RivER. WeLlL 2N/23W~5P1 Has
SHOWN INCREASING CHLORIDES FOR THE LAST FEW YEARS. WHEN THE WELL WAS
DRILLED THE ELECTRIC LOG SHOWED SALINE WATERS IN THE UPPER 200 rFEET. THE
ALLUVIUM HERE IS KNOWN TO BE HIGH IN CHLORIDES DUE TO WASTE DISCHARGES.
THE HIGH CHLORIDES IN WELL 5P71, THEN, MAY NOT REPRESENT AN EASTERLY MOVING
SEA=WATER FRONT IN THE San PEDRO AQUIFERS. INSTEAD, THE CHLORIDE INGCREASE
MAY BE RELATED TO THE SHALLOW CHLORIDE WATERS LEAKING WITHIN THE WELL OR
COMING THROUGH SUD=-ALLUVIAL OUTCROPS OF SaN PEDRO AQUIFERS. NoO WELLS IN
THE DISTRICT PUMP FROM AQUIFERS WHICH COULD DE AFFECTED BY SEA-WATER
INTRUSION INTO THE SUDMARINE OUTGROPS WEST OF THE VENTURA RIVER,

MONTALVO BASIN

SURFACE WATERS

THE LOW VOLUME SURFACE FLOWS ENTERING THE MoNTALvVO BASIN CONSIST
MAINLY OF RISING WATER OUTFLOW FROM THE SanTa PauLa Basine. THE QUALITY
OF THESE LOW FLOW WATERS 1S FAIR FO VERY POOR, WITH TDS RANGING UP TO MORE
THAN 5000 PPM, ALTHOUGH USUALLY REMAINING BELOW 1500 pem (TaoLe 111-8).
THE VERY HIGH TDS WATERS MAY INCLUDE EFFLUENT FROM THE SATICOY SANITARY
DisTricT. THERE 1S A TREMENDOUS IMPROVEMENT IN QUALITY DURING FLOOD FLOWS,
wHEN TDS may prop To ceLow 500 pepm (Taore 1 11-8). N ADCITION TO LOW
TDS, THE FLOOD FLOWS ARE CHARACTERIZED DY DOMINANT CALCIUM, WITH A SODIUM
PERCENTAGE OF ABOUT 25. AS THE VOLUME BDECOMES LESS THE SO0DtUM PERCENTAGE
RISES, DQUT USUALLY REMAINS CELOW 50, MAGNESIUM IS ALWAYS LESS THAN
SOD!IUM OR CALCiUM. FLOOD FLOW ANIONS SHOW SULFATE PERHAPS TWICE AS H{GH
AS BICARDBONATE, AND CHLORIDE QUITE LOWs AS FLOW DECREASES AND MINERAL=
IZATION INCREASES, DOTH SULFATE AND CHLORIDE RISE SHARPLY WHEREAS THE
INCREASES IN DICARDONATE ARE MORE MODERATE. BORON IS RARELY AS HIGH AS
1.0 peM,
GROUND WATERS

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

ANNUAL FLUCTUATION OF TDS, WITH THE HIGHEST VALUES IN THE FaALL aND THE

"LOWEST IN THE WINTER OR SPRING., THERE IS A LONGER, MORE PRONOUNCED CYCLE

OVER THE WET AND DROUGHT PERIOCDS. ESPECIALLY NOTICEACLE WERE THE EFFEGTS
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oF THE SPRING 1958 RUNOFF AND THE SPREADING OPERATIONS THAT YEAR. I[N
1958, THE RUNOFF WAS DY FAR THE LARGEST SINGCE 1952. ANALYSES OF GROUND
WATERS OVER THE ENTIRE BASIN IN THE FatrL oF 1957 suoweo A TDS RANGE FROM
1270 To overR 1600 eppPM. 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 Rio SPREADING GROUNDS. THE SPREAD WATER BY ABOUT MarRcH 12,
1958 wap ReDucED THE TDS IN THE WELLS AT THE EL R10 SPREADING GROUNDS
BY SEVERAL HUNDRED PPM, OPREADING CONTINUED THROUGH AUGUST WITH FURTHER
IMPROVEMENT IN THE AVERAGE QUALITY. THREE MONTHS LATER, STARTING IN
DECEMBDER, THERE WAS ANOTHER RELEASE AT SaANTA FELic!A DAM FOR SPREADING.
On DecemMBER 9, 1958, DEFORE SPREADING WAS RESUMED, THE EL RI1O0 WELLS WERE
SAMPLED. THE WELLS ON THE DOWNGRADIENT (SOUTHWEST) SIDE OF THE SPREADING
GROUNDS SHOWED T1DS oF LEss THaN 1000 PPM, WHEREAS THE UPGRADIENT (NORTHEAST)
WELLS SHOWED VALUES HIGHER THAN 1000 ppm. DURING THE THREE=-MONTH NON-
SPREADING PéRloo, THE FRONT OF MORE MINERALIZED WATER HAD MOVED INTO THE
UPGRADIENT WELLS DUT HAD NOT REACHED THE DOWNGRADIENT WELLS.

THE GROUND WATERS OF THE MoNTAaLVO BASIN ARE CHEMICALLY MUCH THE
SAME AS THE SURFACE WATERS, BUT HAVE A MUCH SMALLER RANGE OF TDS pecause
OF CONTINUOUS ODLENDING. WHEREAS FLOOD FLOWS MAY SHOw TDS aAs Low as 345
PPM, THE GROUND WATERS RARELY GET BELOW 800 PpM. \SIMKLARLY, THE HIGHLY
MINERAL|ZED LOW SURFACE FLOWS DEGOME GLENDED, BY THE TIME THESE GET
UNDERGROUND, TO A MIXTURE WITH A MUCH LOWER MINERAL CONTENT. LOw SURFAGCE
FLOWS MAY HAVE A SODIUM CONCENTRATION HIGHER THAN CALGIUM, BUT THE GROUND
WATERS SHOW CALCIUM PERSISTENTLY HIGHER THAN SODIUM, ALTHOUGH AT TIMES
THEY MAY BE ALMOST EQUAL. BORON IN THE GROUND WATERS 1S USUALLY DBETWEEN
0.5 ano 1.0 PPM, AND CHLORIDE LESs THAN 100 PPM. FLUORIDE, THOUGH AT
TiMES MORE THAN 1.0 PPM, IS TYPicaLLY IN THE RanNGeE oF 0.7 7o 0.9 PrM.
SULFATE IS INVARIADLY HIGH, OCCASIONALLY AS Low As 300 PPM, DUT USUALLY
MORE THAN 400 pem.

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

CY A LAG EFFECTy AS YET UNDETERMINED.
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A LARGE SOURCE OF POOR QUALITY WATER I[N THE MoNTALvVO BaAsIN IS
THE OUTFLOW FROM SANTA Pauta BasiN. NEAR THE END OF A PERIOD OF DRY YEARS
THE RISING WATER AND PRODABLY THE UNDERFLOW ARE APPRECIADBLY MINERALIZED
(TaoLe 111-8). FOOR WATERS ARE ALSO CONTRIGUTED GY THE LOW FLOWS [N MINOR
TRIDBDUTARIES COMING FROM THE NORTHs. HiGH CALC!IUM, SULFATE, AND NITRATE lN.
SOME OF THE DEGRADED WELL WATERS INDICATE THAT LOCAL IRRIGATION RETURN MAY
CE IMPORTANT.

PART OF THE TOWN OF SATICOY 1S SERVED OY THE SATICOY SANITARY
DisTtrIiCT, WHICH:OPERATES A SMALL COLLECTION SYSTEM WITH AsouT 100 CONNECTIONS,.
IN THE PAST, APPREC}ADLE VOLUMES OF INDUSTRIAL WASTES WERE DISCHARGED TO
THIS SYSTEM, ALTHOUGH IT IS UNDERSTOOD THAT THIS PRACTICE |S DEING
DISCONTINUED., THE SEWAGE IS DELIVERED TO A SERIES OF SEPTIC TANKS WHICH
DISCHARGE TO PERCOLATION PONDS AT THE EDGE OF THE SanTa CLara RiveER. THE
DOMEST!C WATER DELIVERED IS [N THE RANGE oF 1400 10 1700 PPM, AND THE
EFFLUENT 18 USUALLY MORE THaN 2000 peM.

OXNARD PLAIN BASIN

GROUND WATERS

PRIOR TO THE WIDESPREAD EXPLOITATION OF GROUND WATERS OF THE
OxnARD PLAIN, PERCOLATION FROM THE SANTA CLARA RiveR 1N MoNTaLvo Basin
AND RAINFALL PENETRATION, ALONG WITH UNDERFLOW FROM SanNTaA Paura BAsSIN FED
THE OXNARD AQUlFéR AND THE WATER MOVED SEAWARD BDENEATH THE OxnarRD PLAIN
AND PRODBADLY ESCAPED TO THE OCEAN AS SUDBMARINE SPRINGS IN HUENEME AND
MuGU SUDMARINE CANYONS., WATER-LEVEL SLOPES WERE GENTLE AND OCEANWARD
MOVEMENTS WERE SLOW., BECAUSE OF LIMITED TRANSMISSiIBILITY IN THE OXNARD
AQUIFER AND THE LOW WATER-LEVEL SLOPES, MoNTALVO BASIN TENDED TO REMAIN
NEARLY FULL. UNDER SUCH CONDITIONS THERE WAS MUCH REJECTED RECHARGE.
THERE MAY HAVE BEEN A SLIGHT INCREASE IN MINERALIZATION OF THE UNDERGROUND
WATERS AS THEY MOVED SLOWLY TOWARD THE OCEAN. JHE WATER RECHARGED TO THE
MonNTALVvO BASIN UNDER THESE NATIVE CONDITIiONS WAS PRODAGLY LARGELY OF VERY
GOOD QUALITY. A GOOD INDICATION OF THE QUALITY OF THE ORIGINAL WATER
MIGHT DE OBTAINED FROM THE CHARAGTERISTICS OF THE BEST QUALITY WATER WHICH
1S NOW FOUND IN THE OXNARD AQUIFER. TOTAL DISSOLVED SOLIDS WERE PRODBADBLY

Less THAN 700 Pppm. CALCIUM WAS THE DOMINANT CATION AT ABOUT 125 PPM, AND

soptumM was 80 To 90 PPM. MAGNESIUM WAS PROCAGLY LESS THAN 40 ppPm.

SULFATE WAS THE MOST IMPORTANT ANi{ON AT 300 OR MORE PPM, AND DICARBONATE
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ONLY SLIGHTLY LESS IMPORTANT DBUT WITH LESS THaN 300 prM. IN THE PORTION
oF THE OXNARD AQUIFER NEAR PLEASANT VALLEY, THE ORIGINAL GICARGONATE MAY
HAVE DBEEN HIGHER THAN SULFATE. OCHLORIDE WAS ALWAYS MINOR AND LESS THAN
50 pPM. DESPITE THE RELATIVE ABUNDANCE OF GORON IN THE UPSTREAM DASINS,
NATURAL DILUTION WAS EFFECTIVE; NATIVE OORON CONTENT IN THE OXNARD AQUIFER
WAS PRODADLY NEVER AS MUCH as 1.0 rPepM.

THERE HAS DEEN APPRECIADLE DETERIORATION OF THE CHEMICAL QUALITY
OF WATERS IN THE OXNARD AQUIFER SINCE THE DEGINNING OF AGRICULTURAL
DEVELOPMENT 0F THE OxNaAaRrRD PLAIN AND THE UPSTREAM BASINS. THESE AGRICULTURAL
AND ASSOCIATED DEVELOPMENTS IN THE UPSTREAM BASINS AND IN MonTALVO Basin
HAVE RESULTED IN A MORE MINERALIZED RECHARGE TO THE OXNARD AQUIFER. WHEREAS
NATURAL, PRE-DEVELOPMENT WATERS IN THE MonTaLvo BASIN APPEAR TO HAVE HAD
LeEss THan 700 ppm TDS, AT THE PRESENT TIME FEW REGCHARGING WATERS HAVE
TDS Less TtHanN 1000 PPpM. THE DEFINITELY MORE MINERALIZED WATERS HAVE MOVED
To ABOUT THE CITY OF OXNARD, WHEREAS SEAWARD OF THE CiTYy oF OXNARD, MOST
OF THE WATERS STiLL SHOw TDS oF LEss THaN 1000 PrmM. MaANY WELLS TAPPING
THE OXNARD AQUIFER HAVE A FLUORIDE CONTENT OF 1.0 PPM OR MORE. THE
FLUORIDE CONCENTRATIONS APPEAR TO FLUCTUATE ERRATIGALLY, HOWEVER. ANALYSES
WiTH MORE THAN 1,0 PPM FLUORIDE MADE SUOSEQUENT TO 1952 ARE MUGCH LESS
COMMON THAN THOSE MADE IN 1952 AND EARLIER., JHIS INDICATED TREND OF
IMPROVEMENT MAY NOT BE SI{GNIFICANT.

"UNDER NATIVE CONDITIONS, MUCH OF THE AREA OVERLYING THE foLAY
caP WAS CHARAGCTERIZED DY HIGHLY ALKALINE soiLs (ReEF. 7). THE CONDITIONS
WERE ESPECIALLY SEVERE ALONG THE COAST WHERE THE WATER—TADLE RIDGE IN THE
DUNES, ESPECIALLY NORTH OF PORT HUENEME, PREVENTED OUTFLOW OF THE SHALLOW
WATERS. BEFORE THESE LANDS COULD BE FARMED THEY HAD TO DE DRAINED AND
LEACHED. THE®RE S NOW AN EXTENSIVE SYSTEM OF TILE DRAINS AND DITCHES
OVER MOST OF THE AREA DETWEEN OXNARD AND THE COAST. THE SHALLOW WATERS
ARE ST!LL OF VERY POOR QUALITY (Taore 1[1-9). AsS THE MAIN INCREMENT TO
THESE SHALLOW WATERS IS IRRIGATION RETURN, THE QUALITY CONTINUES TO REMAIN
POOR. IMMEDIATELY FOLLOWING HEAVY RAINS, THE WATER FORMING THE GROUND
WATER RIDGE JN THE COASTAL DUNES NORTH OF PoRT HUENEME IS OF EXCELLENT
QuaLtTy (TaoLe 111=9). THE QUALITY CETERIORATES RAPIDLY, HOWEVER.

S0 LONG AS FPOSITIVE ARTES]AN HEADS WERE MAINTAINED IN THE COASTAL

PORTIONS OF THE OXNARD AQUIFER THERE WAS NOC POSSIDILITY OF DETERIORATION
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TABLE [11-9

CHEMICAL ANALYSES - OXNARD PLAIN

SAMPLING
_PoinT 6 ParTs Per MiLLION EFF.
WELL No, DaTe ECX10 Ca Ma Na HCO S0 CL NO F B TDS SaL, %N A
3 b 3 EPM
TYPICAL WATERS IN OXNARD AQUIFER
IN/21W-5P1 © 6-25-52 1142 106 32 106 319 260 64 1 1.0 0.4 776 7.2 37
IN/22W~-9Q3 . L4-23-58 1282 129 46 94 256 421 Ls 0 0.8 0.2 873 8.0 29
2N/22W-28J3 ¢ 8-1~56 1418 159 56 104 293 4o2 57 22 0.8 0.8 1255 9.2 26
OXNARD AQUIFER WATERS DEGRADED BY INTRUDING SEA WATER
IN/22W-20R1 | L4-16-58 19520 ok8 485 2887 253 1155 6808 7.4 0.5 0.9 13966 194,6 59
IN/22W-21L1 ; L-16-58 11925 1202 384 739 235 733 3829 12 0.8 0.8 10251 107.3% 27
OXNARD AQUIFER WATERS DEGRADED FROM OTHER SOURCES
IN/22W~22Q2 : 8-2-56 3597 174 94 700 573 1705 123 10 1.2 2.6 3215 37,9 65
~23N1 © 1-20-49 - 278 70 172 347 814 kb 23 - 0.5 1848 13,2 28
2N/21W~32Q1  3-31-56 5570 230 149 701 346 1480 649 4,3 0.5 1.5 3535 43,0 56
2N/22W-2601  7-14-52 2440 275 9k 214 301 1096 86 10 0.7 0.7 2071 17.3 30
~33A4  8.27-54 2940 340 132 175 325 1378 82 1.2 0.4 1.2 2464 18,7 21
WATERS OF SEMI~PERCHED ZONE
IN/22W~7J C1-14-53 3794 370 186 350 Los 1880 145 23 - 2.5 3628  30.7 %
-188 8-hk-52 5780 373 273 820 k10 2830 341 28.5 - 3.6 5131 58,2 46
~21F 1-14~53 2198 278 73 165 334 891 88 13.6 - 1.0 1832  13.3 27
-27C . 1-14-53 L4149 306 188 620 237 2150 247 58 - 2.7 3565 L42,6 iy
WATER IN GROUND WATER RIDGE OF COASTAL DUNES
4-20-58 280 17 5 25 110 19 13 - - 0.13 189 1.1 45
2-18-59 1528 152 63 140 310 519 112 - 0,67 1296  11.3 32



OF CHEMICAL QUALITY IN THE OXNARD AQUIFER OY DOWNWARD MOVEMENT OF THE NEAR=-
SURFACE WATERS. ON THE CONTRARY, THERE MAY HAVE BEEN SOME SMALL, LOGCAL
UPWARD ESCAPE FROM THE OXNART AQUIFER [NTO THE SHALLOW ZONES THROUGH WELLS
WITH VERY SHALLOW PERFORATIONS. WITH WIDESPREAD AND INTENSIVE PUMPING,
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
EVIDENGE THAT WELLS HAVE OEEN DEGRADED OY INTRUDING SEA WATER (Tance 111-9).
DETERIORATION OF WELL WATERS TAPPING THE OXNARD AQUIFER IS PRORABLY ALSO
OCCURRING DUE TO MOVEMENTS FROM THE SEMI-PERCHED ZONE, DUT IT IS-MORE
DIFFICULT TO DEMONSTRATE.
STATUS OF SEA-WATER INTRUSION

OVER AN AREA OF ABouT 2640 acrEs NEAR PORT HUENEME THE OXNARD
AQUIFER HAS ALREADY DEEN INVADED 8Y SEA WATER (PLATE 17). THE INVASION
STARTED AT THE SUCMARINE OUTCROP IN HUENEME SUODMARINE CANYON, AND IN
RESPONSE TO LANDWARD GRADIENTS THE SALT WATER HAS MOVED DENEATH THE LAND
SURFACE. TO AVOID INTERPRETATIONS DASED ON MINOR CHANGES [N NATIVE WATERS,
INVASION 1S 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 oOR LESS, AND A RISE EVEN To 50 pPeM
MAY IN SOME PLACES BDE AN INDIGATION OF THE APPROACHING SEA-WATER WEDGE,
On TasLe 111-10 ARE LISTED THE WELLS WHICH TC DATE ARE CONSIDERED TO HAVE
BEEN INVADED BY CCEAN WATER.

A SMALL PORTION OF THE OXNARD AQUIFER WAS INTRUDED DY SEA WATER
DURING THE DROUGHT PERIOD OF THE EARLY 1930's. WeLL IN/22W-28D1 SHOWED
CHLORIDES OF MORE THAN 2000 pPM DurING 1931. By MarcH 1933, HOWEVER, THE
CHLORIDES WERE DOWN To 42 ppmM. WeLL IN/22W~20N1 SHOWED A SIGNIFICANTLY
HIGH CHLORIDE CONTENT oF 103 ppPM In JuLY 1936. By Decemoer 1939 THE
CHLORI'DES WERE DOWN TO 49 pPPM. THE CHLORIDE INCREASE IN WELL 1N/22W-20E1
WHICH REACHED 100 PPM IN SePTEMDER 1954 REPRESENTS THE RE~ADVANCE OF THE
SEA-WATER WEDGE THAT HAD REACHED THE WELL EARLIER, PROBAGLY [N LATE 1950,
By &4rriL 1951 THE CHLORIDES HAD RISEN TO 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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TapLe |H1=-10. WeLLs NEAR FoORT HUENEME INTRUDED BY SEA WATER AS OF

May 1959.
StaTe NuMBDER CounTy NUMBER MoNTH WHEN CHLORIDES
REACHED 100 ppPM
IN/22W-17J42 8-v-3 Jury 1957
IN/22W~19H1 8-V-15 SepTemMpER 1954
IN/22W-20E1 8-v-24 SepTempEr 1954
IN/22W=20N" 8~V-11 JuLy 1936 anp ApricL 1948
TN/ 22W=20R7 §=v=21 DECEMBER 1950
IN/22W-21J1 9-V-28 JanNuarY 1959
IN/22W-21J3 G-V-53 } May 1958
IN/22W=21L1 | 9=-V-~15 Decemser 1953
IN/22W-21L2 9-V-65 ' DecemMBER 1953
IN/22W-21N1 FeoruarRY 1959
IN/22W=-21Q1 9-v-42
IN/22W-28A2 9~W-20 DeceMnErR 1958
IN/22W-28 43 9-W-19
1N/22W-28D1 9-wW-2 pPrE-1931

IN/22W-2942 8-W-1 _ AueusT 1951



1952, WHEN THERE WAS AN UNUSUALLY LONG PERIOD OF SUBNORMAL PUMPING. HIGH
CHLORIDES ARE EVIODENT IN weLLs IN/22W-17J2 ano 20R1 (HueneMe NavaL Base
WELLS #12 anD #2, RESPECTIVELY). IN DETWEEN THESE TwWOo WELLS 1S HuEnEME
NavaL Base werr #4 (IN/22W-20B1) wHICH HAS SHOWN A PERSISTENT NATIVE
CHLORIDE cONTENT (50 PPM OR LESS)e IT IS HIGHLY UNLIKELY THAT THE SEA
WATER ADVANGING WITHIN THE OXNARD AQUIFER WOULD HAVE DYPASSED THE POSITION
oF weLL #4. LIMITED DATA SUGGEST THAT WELL #4 IS PERFORATED ONLY DBELOW
THE OXNARD AQUIFER, IN A ZONE (1) IN WHICH THE INVADING SEA WATER HAS NOT
YET ADVANCED SO FAR INLAND, OR (2) WHICH IS LENTIGULAR AND NOT IN
COMMUNICATION WITH THE OCEAN. SUDBNORMAL 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 |S GOVERNED BY THE MAGNITUDE OF THE LANDWARD SLOPE, THE FASTEST
MOVEMENT HAS DEEN NORTHEASTERLY, TOWARD THE MAIN PUMPING TROUGH. MOVEMENTS
EASTERLY AND ALSO NORTHWESTERLY ACCOMPAN|ED THE GROWTH OF THE ARC., AGCCORDING
T0 GHYBEN-HERZDERG PRINCIPLES, LANDWARD MOVEMENTS CGULD DEGIN WHEN THE
WATER LEYELS DROPPED DELOW ABOUT ELEVATION +6, ASSUMING AN AQUIFER DEPTH
oF 240 FEET AND A SPECIFIC 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 DEEN FAIRLY
GENERAL FROM THE FOCUS AT THE SUDMARINE OUTCROP, ALTHOUGH THE RATE OF
ADVANCE HAS DEEN A MAXIMUM IN A NORTHEASTERLY DIREGTION. THE AVAILAGLE
DATA SUGGEST ADVANCE RATES APPROACHING 1200 FEET PER YEAR IN THE NORTH-
EASTERLY DIRECTION, AND PERHAPS 1000 FEET PER YEAR EASTERLY AND NORTH-
WESTERLY.

THE STATUS OF SEA-WATER INTRUS!ION DBENEATH THE Mucu Navat Base
IS MUCH LESS CLEAR. O8seRvATION weLlL #2 (1S/21W-5H1) HAS SHOWN STEADILY
INCREASING GHLORIDES SINCE IT wAS INSTALLED In 1949, THIs weELL was

CONSTRUCTED SO THAT WATER SAMPLES COULD DBE TAKEN FROM TWO DIFFERENT ZONES,

WITH A PACKER AND SEAL DETWEEN THEM. THE UPPER PERFORATIONS WERE CUT

BETWEEN DEPTHS oF 180 ano 190 FEET, THE LOWER 3ETWEEN 330 anp 340 reeT.

SAMPLES FROM BOTH ZONES HAVE SHOWN VERY HIGH CHLORIDES. HOWEVER, THERE
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!S REASON TO DBELIEVE THAT THE PACKER AND SEAL HAVE FAILED (AS OCGURRED IN
OGSERVATION WELL #1) AND [T IS UNCERTAIN WHETHER THE HIGH CHLORIDE WATER
COMES FROM THE UPPER zONE (OXNARD AQUIFER) OR THE LOWER zoNE (MuGu AQUIFER),
OR DOTH., FERRATIC WATER LEVELS I[N THIS WELL SUGGEST IT MAY OE PLUGGED.
BEcAUSE MANY OF THE WELLS INLAND FROM THE MuGuU NavaL BASE ARE PERFORATED

IN BOTH SHALLOW AND DEEP ZONES, INTRUSION OF OCEAN WATER INTO ANY ZONE MUST
BDE 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 POSSIBILITY OF DOWNWARD MOVEMENT OF SHALLOWER POOR QUALITY
WATERS MUST ALSO OE CONSIDERED. OOURGES OF DETERIORANTS MAY BE LISTED AS
FOLLOWS::

(1) AQUIFER INTRUSION DY SEA WATER

(2) CONNATE WATERS I[N COASTAL MARINE SEDIMENTS

(3) IRRIGATION RETURN
ITem (1) MAY INDICATE INVASION BY SEA WATER INTO ANY AQUIFER PERFORATED
IN A MULTI-ZONE WELL NEARDBY, BUT CAN NOT DE TAKEN TO INDICATE THE ARRIVAL
OF THE SEA=-WATER FRONT IN A SPECIFIC AQUIFER. OTHER LINES OF EVIDENCE MUST
DE SOUGHT TO RESOLVE THIS PROBLEM. ALTHOUGH ALL THE IMPORTANT AQUIFERS
APPEAR TO HAVE DBEEN THOROUGHLY ELUSHED DY FRESH WATERS, SOME LENSES OF
MARINE SAND MAY NOT HAVE DEEN SO THOROUGHLY FLUSHED. UNLIKE THE INCREASING
CHLORIDES WHICH TYPIFY AN ADVANCING SEA-WATER WEDGE, THESE LENSES SHOULD
SHOW A REDUCTICN OF CHLORIDES WI!TH TIME, IRRIGATICGN RETURN WATERS GENERALLY
SHOW HIGH SULFATES AND OFTEN HIGH NITRATES, DBUT 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 DETAI!LED FIELD STUDIES CONDUCTED IN THE WesT BasinN ofF Los ANGELES
County (RerF. 47). IT wAS CLEARLY DEMONSTRATED THAT THE ADVANCING SEA WATER
UNDER-RIDES THE FRESH WATER, AND IN THIS INSTANCE, OVER A DISTANGE OF
ABOUT 4500 FEET MEASURED AT RIGHT ANGLES TO THE COASTLINE. A SIMILAR WEDGE
HAS UNDOUDTEDLY FORMED WITHIN THE OxnNARD AQUIFER NEAR PORT HueneMme.

BECAUSE OF THIS WEDGE THE RISE IN CHLORIDES IN A WELL STARTS RATHER SLOWLY,
THE CHANGE FROM 50 ppm TO 100 PPM TAKING PERHAPS 5 MONTHS OR MORE. AS THE
WEDGE AT THE WELL CECOMES THIGCKER, THE CHLORIDES R{SE 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 BE AS MUCH AS O MONTHS.
FOX CANYON AQUIFER
NATIVE WATERS

GENERALLY SPEAKING, NATIVE WATERS IN THE Fox CANYON AQUIFER ARE
OF GOOD CHEMICAL QUALI!TY WHERE FLUSHING HAS OEEN THOROUGH. THESE WATERS
RARELY SHOwW LESs THAN 500 pepm TDS, nor MORE TaHaN 1000 pepm TDS. To THE
EAST ofF THE DisTRIcT, IN THE EAsT AND WEST LaAs FPosas arREas, THE Fox Canvon
WATERS ARE LOWEST IN SALINITY. THEY APPEAR TO HAVE DBEGCOME MORE MINERALIZED
AS THEY FLOWED UNDERGROUND WESTERLY TOWARD THE OCEAN. SUPERIMPOSED ON THIS
GENERAL NATIVE PATTERN ARE NUMEROUS COMPLEXITIES RESULT!ING FROM MULTI=ZONE
WELLS TAPPING INFER!IOR OVERLYING WATERS OR INFERIOR UNDERLYING WATERS, OR
FROM POORLY FLUSHED SAND AND GRAVEL LENSES.

IN THE Fox CANYON AQUIFER BDENEATH THE OXNARD PLAIN, CALCIUM AND
SODIUM ARE USUALLY ABOUT EQUAL, ALTHOUGH EITHER MAY BE THE DOMINANT CATION
(Tacte 111=-11). MaGNESIUM IS TYPICALLY ADOUT 30 PPM. BICARBONATE AND
SULFATE ARE 20TH HIGH, AND SULFATE IS USUALLY THE HIGHER. AveErAage TDS
1s LESS THaN 800 PPM. CHLORIDE IS ALMOST ALWAYS LESS THAN 50 PPM, AND ONLY
OCCASIONALLY MORE THAN 100 PPM. BORO& IS ALMOST ALWAYS CELOW 0.5 FPPM,
AND fruoriDeE peELow 1.0 pPPM.

SomgE oF THE Fox CANYON WATERS PUMPED FROM BENEATH PLEASANT
VALLEY ARE MUGH THE SAME AS THOSE BENEATH THE OXNARD PLAIN; OTHERS ARE
DISTINCTLY MORE MINERALIZED (TaoLe [i1=11). THe ceETTER Fox CANYON WATERS
ARE OF HIGHLY ACCEPTADLE QUALITY FOR DOMESTIC AND IRRIGATION USE. THE
MORE MINERALIZED 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 CGNTINUED USADILITY oF Fox CANYON WATERS, OTHER THAN SEA WATER, WHICH
WiLL CE TREATED N A LATER SECTION

IT 'sHouLp BE

s STRESSED THAT WELLS DRILL

To TAP THE Fox CANYON AQUIFER CAN NOT OE DRILLED TGO (NDISCRIMINATE DEPTHS
AND PERFORATED IN ALL AVAILADLE PERMEABLE ZONES WITH THE EXPECTATION THAT
THE WATER PUMPED WILL GE OF AGCEPTABLE GHEMICAL QUALITYe. IN PLACES WELLS
WHIGH ARE DRILLED TOO DEEP YIELD WATERS CF INFERIOR QUALITY. ONE OR MORE
WELLS (N PLEASANT VALLEY HAVE GEEN ADANDONED DECAUSE OF EXCESSIVELY DEEP

PERFORATIONS AND CONSEQUENT POUOR WATER. HYDROGEN SULF{DE GAS HAS DZEEN
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TABLE 111[-11
CHEMICAL ANALYSES ~ FOX CANYON AQUIFER

: S EFF.
WELL Noo, - DaTte ECx’lO6 Ca Ma Na HCO S0 CL NO F B TDS SaL. %N A
- s Tl 3 M
NATIVE WATERS IN THE FOX CANYON AQUIFER BENEATH THE OXNARD PLAIN
IN/21W~4M2 ¢ 8-20-52 1073 114 33 101 257 310 7?24 5 0.3 0.2 745 7.2 34
~20K1 - 6-24-52 1083 ok 27 108 274 233 75 6 0.6 0.1 7hl 6.9 4o
IN/22W~-17B1 © 4-16-58 1082 106 36 73 229 323 39 2.4 0.7 0.3 775 6.2 28
~20E2 ¢ 4-23-58 1201 140 30 91 262 380 b 1.5 0.3 0.3 827 6.5 29
2N/21W-20Q3 = 9«3~52 1120 94k 34 122 280 325 55 7 0.1 0.9 816 8.3 = 141
NATIVE WATERS IN THE FOX CANYON AQUIFER BENEATH PLEASANT VALLEY
IN/21W=3N1 7-25-57 1266 96 36 128 281 296 96 O O.h4 0.h4 831 8.6 L2
-15H1  6-25-52 1938 175 56 184 338 522 173 5 0.5 0.6 1330 12.7 = 37
2N/20W-30H1 = 9-20-52 =~ 94 66 246 369 352 257 1 O.k 0.5 1282 14.9 51
2N/21W~23R3 11-8-57 1255 102 33 127 256 307 88 © 0.2 Ok 915 8.4 4o
-25K2  11-7-57 2075 156 63 198 299 571 180 0 0.2 0.8 1470  14.0 Lo
~27F4 - 6-24-52 1102 108 27 98 306 237 66 6 0.5 0.0 796 6.5 36
~28Q2 = 2-10-50 ~ 81 28 302 480 239 240 - - 0.7 1370 13.2 68
=34D2 ' §-2-56 909 7k 24 85 264 183 50 2.5 0.k 0.3 610 5¢1 39
~35K1 . 7-14-52 1950 146 54 227 327 501 199 6 0.3 0.6 1330 1h4.4 ' 45
FOX CANYON AQUIFER WATER SHOWING REMOVAL OF NATIVE SODIUM CHLORIDE WATERS
2N/21W=34D1 ' 2-10-50 =~ 81 28 302 k80 239 240 O - 0.7 1370  13.1 68
~34D1 : 7-14-52 932 65 33 92 283 190 53 5 0.3 0.3 626 5.5 39
DEGRADED WATERS FROM WELLS TAPPING THE FOX CANYON AQUIFER
IN/21W=14C1  11-15-51 = 220 69 240 180 670 280 Tr - - 1905 16.1 = 39
0.2 1772  13.3 = 30

2N/21W~3541 ; 6-25-52 2190 224 72 169 265 690 199 17 0.6



ENCOUNTERED IN THE DEEPER ZONES OVER LARGE AREAS IN PLEASANT VaLLEY. Mugu
NavaL Base werL #3 (1IN/21W=31L1) ENCOUNTERED HYDROGEN SULFIDE GAS IN SANDS
OF THE SANTA BARDARA FORMATION. PLUGGING OFF THE LOWER PART OF THIS HOLE
{S REPORTED TO HAVE SOLVED THIS DIFFICULTY. HYDROGEN SULFIDE WATERS WERE
FOUND ALSO IN SecTions 27 anp 28, T2N, R21W, anNp NEAR SoMIis. SMALL AMOUNTS
OF THIS GAS WERE NOTIGED ALSO IN HUENEME Base wert #21 (IN/22W-1781). Muc H
OF THE POORER QUALITY WATER, WITH HIGH TDS OR HYDROGEN SULFIDE OR DBOTH
APPEARS TO OCCUR IN THE UPPER PART OF THE SANTA BarCARA ForMATION (GRiMES
CANYON MEMDER) ALTHOUGH IN PLACES THIS WATER MAY BE IN THE LOWER PART OF
THE Fox CANYON AQUiIFER., NO CLEAR-CUT GENERALIZATION GAN DBE MADE AT TH!S
TIME.

APPRECIADLY HIGHER TDS ARE NOTED WHERE THE Fox CANYON WELLS ARE
PERFORATED ALSOC IN THE SHALLOWER SAN FEDRO ZONES. IN sSOME OF THESE
INSTANCES, THE LESS DESI{RADBLE WATERS ARE GLEARLY OF A SODIUM GHLOR!DE
CHARACTER. THE DETERIORATING SOURCES ARE PRODADLY SAND LENSES WHICH HAVE
NOT BEEN THOROUGHLY FLUSHED OF THE ORIGINAL CONNATE WATERSes SEVERAL WELLS,
INITIALLY SHOWING A RELATIVELY HIGH SODIUM CHLORIDE CONTENT, UPON PROLONGED
PUMPING SHOWED A MARKED DROP IN SODIUM CHLORIDE CONTENT AND A MATERI!AL
ReoucTion oF TDS (Taorte |11-11), THESE GCHANGES SUGGEST THAT THE SAND LENS
HAS DEEN DEPLETED GF THE POORER QUALITY WATER]; THE IMPROVEMENT IN QUALITY
IS EXPECTED TO DE PERMANENT.

DEGRADING WATERS WITH VERY HIGH SULFATE AND NITRATE ARE PRODABLY
DERIVED FROM VERY SHALLOW SOURGES, TRACEADLE TO IRRIGATION RETURN. THE
WELLS MAY DE PERFORATED EXCESSIVELY HIGH. CHANGES IN WATER QUALITY ARE
HIGHLY ERRATIC. SOME OF THE SHALLOWER ZONES IN PreasanT VALLEY ARE BEING
DEPLETED RAPIDLY AND PERHAPS IN TIME THE QUALITY WILL IMPROVE BECAUSE OF
THE REMOVAL OF THESE POORER WATERS.

ELECTRIC LOGS OF O!L WELLS IN AND NEAR SECTiON 25, T2N, Ra23W

INDICATE THAT THE Fox CANYON SANDS AND GRAVELS N THIS VICINIT

~<
(@]

ONTAIN
WATER OF INFERIOR CHEMICAL QUALITY, TH!S AREA IS CLOSE TO THE UPLIFTED AND
FAULTED AREA ASSOCIATED WI!ITH THE MonTaLve FauLT,. THE INFERIOR QUALITY
MIGHT DE EXPLAINED QY (1) BYPASSING OF THIS STRUCTURALLY HIGH AREA DURING

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

‘THE FAULT."

|F THE COMPLEXITY OF CHEMICAL RELATIONSHIPS IN PLEAsSANT VaLLEY
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1S REPRESENTATIVE, THEN FUTURE DEEP DRILLING ON THE OXNARD PLAIN MAY REVEAL
Fox CANYON WATERS WHIGH [N PLACES ARE NOT OF AGCEPTADBLE CHEMI|GAL 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 DUT THERE SEEMS TO DE AMPLE EVIDENGE TO INDICATE THAT THE INTRUSION
OF OCEAN WATER INTO THE SEAWARD EXTENSIONS OF THE Fox CANYON AQUIFER HAS
ALREADY DEGUN. THIS STATEMENT |S DASED 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 PERMEADLE UNIT FOR A GONSIDERADLE DISTANCE BENEATH
THE OGEAN.

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

(3) WATER LEVELS iN THE Fox CANYON AQUIFER HAVE REMAINED DELOW SEA
LEVEL ALMOST CONTiNuoUSLY sSincE 1948, LANDWARD GRADIENTS
DEMONSTRATE THAT THERE IS A FLOW OF WATER IN THE FOoX CANYON AQUIFER
FROM THE SEAWARD EXTENSIONS TOWARD THE PUMPING TROUGHS IN PLEASANT
VALLEY.

(4) THIS WATER MOVES FROM THE SEAWARD EXTENSIONS OF THE Fox CANYON
AQUIFER UNDER TWO POSSIDLE GEOLOGICAL CONDITIONS:

(A) THE AQUIFER PINCHES OUT AND THERE ARE NO SUDBMARINE OUTGROPS;

THE WATER IS EXTRACTED AND NO OTHER WATER REPLACES IT, OR

~~
[w]
S

THE AQUIFER H

H ! R HAS

A SUGCMARINE OUTCROP AND SEA WATER S FREE
TO MOVE INTO THE AQUIFER AND REPLACE THE WATER WHICH THE
LANDWARD GRADIENTS SHOW, MUST GE MOVING OUT OF THE SEAWARD
EXTENSI[ONS.
UNpER conGITlon (A) THERE SHOULD SE A MORE OR LESS GONTINUOUS
“DECLINE OF WATER LEVELS SIMILAR TO AN INLAND GASIN IN WHICH THE GROUND

WATER IS CEING "MineED", UNDER CONDITION (D) THE INVASION OF HIGHER SPECIF]JC
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GRAVITY SEA WATER SHOULD FUNCTION TO MAINTAIN THE WATER LEVELS SOMEWHAT
ADGVE SEA LEVEL. THE ACTUAL RESPONSE IS DEFINITELY THaT oF (o) (WerL 1N/
21W=10F1, PLaTE 25), AS WITNESS THE STRONG TENDENCY TO RESIST PROGRESSIVE
DECLINE, AND TO ATTEMPT TO RETURN TO SEA LEVEL EACH NON-=PUMPING SEASON.

THE MOST CRITICAL REACH FOR SEA-WATER INTRUSION INCLUDES HUENEME
AND MUuGU SUDMARINE CANYONS AND THE AREA IN DETWEEN. J[HIS REACH, UNFORTUNATELY,
ADJOINS THE MOST HEAVILY PUMPED AREAS IN FLEASANT VaLLEY. [INTRUDING SEA
WATER WILL ARRIVE AT THE COASTLINE MGST QUICKLY WHERE THE SUDBMARINE OUTCROPS
ARE CLOSEST TC SHORE AND WHERE THE ROUTE TO THE CENTER COF FUMPING IS THE
SHORTEST. PuMPiING FROM THE Fox CANYON AQUIFER IN THE VICINITY OF HUENEME
SUDMARINE CANYON IS AS YET RATHER SMALL, AND INLAND MOVEMENT OF SEA WATER
HAS PRODCADLY NOT STARTED. DISTANCES TC THE CRITICAL WELLS FROM THE PROBAGOLE
SUDMARINE OQUTCROPS OF THE SHALLOWEST PERFORATED ZONES ARE: FOR THE
Hortywooo~oy-THE-Sea weLt (IN/22W=1941) - 11,500 FEET; FOR THE SILVERSTRAND
wert (1N/22W-20E1) - 18,500 fFeeT.

MUGU SUBMARINE CANYON IS IN ALL PRODADILITY THE MOST GCRITICAL
SPOT FOR FOCUSING THE INTRUSION OF SEA WATER INTO THE Fox CANYON AQUIFER,
IF A LOSS 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.
DisTtances To THE Mucu NavalL BASE PRODUCTION WELLS FROM THE PRODADLE
SUBMARINE OUTCROPS OF THE Fox CanvyonN aqQuiFER arE: wetlL #2 (1N/21W-32G1) -
15,000 Feet; welrt #3 (IN/21W~-31L1) ~‘15,5OO FEET. THERE ARE NO 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 IV
GROUND WATER INVENTORIES

THE OVERALL OBJECTIVE OF THE STUDY OF THE'éROUND WATER INVENTORY
WAS TO SET UP A FRAMEWORK INTO WHiCH FUTURE DISTRICT STUDIES COULD BE
FITTED. CONSIDERABLE WORK ON GROUND WATER INVENTORIES HAD OEEN DONE DURING
1951-53 oy Witoe ano Long (Rer. 68), anD puriNg 1956-57 oy Kawano (RerF. 43).
A DIFFERENT APPROAGCH WAS USED oY THE CALIFORNIA DivisioNn oF WATER RESOURCES
IN THEIR BuLLeTIN 12 sTuptEs (ReF. 23). IT WAS FELT THAT THE PURPOSES OF
THE DISTRICT COULD BE SERVED BETTER 3Y MODIFYING THE EXTENSIVE WORK ALREADY
ACCOMPL ISHED BY THE DISTRICT RATHER THAN BY DEVISING A NEW INVENTORY METHOD.,
CONSEQUENTLY, THE EARLIER DISTRICT STUDIES HAVE BEEN VERY HEAVILY RELIED
UPON., THE MODIFICATIONS MADE, TO A LARGE EXTENT, ARE DASED 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 sTuDIES DURING 1951-53, THE peErRIOD 1922-1951 wasS USED, AND THIS WAS
EXTENDED To 1955 oy Kawano During 1956-57. IN BULLETIN 12, THE DASE PERIOQOD
was 1936<51, THE 1936-57 PER10OD HAS SEVERAL ADVANTAGES. IT arPLtES »
UNITED'S INVENTORY APPROACH OVER A DIFFERENT AND MORE UP-TC-DATE PERICD.
THE AVAILADILITY OF DETTER DATA WILL MORE THAN OFFSET THE POSSIDILITY
THAT THE PERIOD IS LESS REPRESENTATIVE OF LONG-TERM CONDITIONSe. THE 1936~
51 PERIOD HAS BEEN OBJECTED TO AS DEING EXCESSIVELY WET. AN EXTENSION OF
THIS T0 1957 INCORPORATES ONE WET AND FIVE DRY YEARS AND REMOVES AT LEAST
A PART OF THIS OBJECTION. IN THE Piru, FiLLMORE, SanNnTA PaurLa, anD MonTALVO
BasinNs, THE INVENTORIES WERE CALCULATED ON A MONTHLY BASIS FOR THE ENTIRE
BDASE PERIOD. ALL STUDIES WERE MADE FOR THE RUNOFF YEAR —- OcTonER 1
THROUGH SEPTEMSER 30,

PRECIPITATION

PRECIPITATION ON THE FREE GROUND WATER DASINS WAS DETERMINED OY
AVERAGING MONTHLY RAINFALL AT SEVERAL RAIN GAGES IN OR NEAR EACH DBASIN.
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 METHOD ‘WAS -EXTENDED  To 1956~57. -



-

STREAM FLOWS

STREAM=-GAGING RECORDS ARE AVAJLADLE AT THE FOLLOWING POINTS:

SanTa CLara RIVER aT BrLue Cut (enNTERING PiRU Basin)

PIru CrEEk NEaAR PIRU (ENTERING PIRU BASIN)

HorPper CREEk AT HiGHwaY Brinee (ENTERING PIRU Basin)

Sespe CREEK NEAR FiLLMORE (ENTERING FiLLMORE Basin)

SanTa PauLa Creex NEAR SanTa Paura (ENTERING SANTA Paura Basin)
THESE RECORDS ARE PUCLISHED iIN THE UNiTED STtaTEs GeEOLOGIGAL SURVEY WATER
SurpPLY PAPERS., FPRIOR TO PUBLICAT!ION PRELIMINARY REPORTS MAY BE AVAILADLE
IN THE Los ANGELES OFFICE OF THE UNITED STATES GeoLocicaL SuRvEY. THE
PUBLISHED FIGURES, ALONG WITH CORRELATIONS MADE IN THE WiLpeE~LONG AND
KAWANO STUDIES, WERE USED IN OUR INVENTORY. FEW MEASUREMENTS ARE AVAILABLE
FOR FLOOD FLOWS ALONG THE SANTA Crara RiVER ENTERING FiiLLMORE, SANTA PauLa,
AND MonTALVO BaAsins. ESTIMATES OF ENTERING FLOOD FLOWS WERE DERIVED FROM

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

Ri1siNG WATERS HAVE DBEEN MEASURED INTERMITTENTLY at Brue CurT
ENTERING PIRU Basing AT THE STATE FisH HATCHERY ENTERING FiLLMORE Basing
AT THE FARMER'S DITCH DIVERSION ENTERING SANTA PaurLa BasiN; AND AT THE

ButLer DiTcH DIVERSION ENTERING MoNTALVO BASIN. A RATHER GOOD SERIES OF

"MEASUREMENTS 1S 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 [N NEARBY WELLS AS A GUIDE.

NUMEROUS LOW FLOW MEASUREMENTS HAVE DEEN MADE NEAR THE LOWER END OF FILLMORE
BaAasiN, DUT AT VARIOUS POINTS. AT TIMES OF HEAVY RUNOFF, RISING WATER MUST
BDE ESTIMATED, AS THE FLOOD WATERS AND RISING WATERS CAN NOT BE SEPARATED,
EsTIMATES ™MADE DURING THE WiLoE-LOoNG STUDIES, ON THE CASIS OF LATER
MEASUREMENTS BY THE VeEnTura CounNTY WaTER RESOQURGCES DivISioN, WERE REVISED
ov Kawano., KawaNo's FIGURES MAVE DEEN USED IN OUR INVENTORY, ALTHOUGH IT
IS DELIEVED THAT ADDITIONAL MEASUREMENTS IN THE FUTURE MAY [NDICATE THAT
THE ESTIMATED MAX!MA ARE TOO HIGH, SURFAGE FLOW MEASUREMENTS TAKEN IN

THE VIGCINITY OF THE LOWER BOUNDARY OF SaNTaA PaurLa BASIN DO NOT ACCURATELY
INDIGATE THE VOLUME OF RISING WATER AS IT IS APPARENT THAT EVEN RELATIVELY

LOW FLOWS CONSIST IN PART OF THROUGH-FLOWING SURFACE WATERS. THE ESTIMATES
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usep (N THE WiLpE-LonNe AND KAWANO STUDIES ARE CONSIDERED EXCESS!VELY &+8H,
ENTIRELY NEW RISING WATER FIGURES WERE DEVELOPED OY CARRYING RISING WATER
AS AN INVENTORY RESIDUAL DURING THE 1944-51 PERIOGD WHEN THE BASIN DID NOT
FlLL AND THERE WAS NO REJECTED RECHARGE. MONTHLY.DISTRIDUTIONS WERE OBASED
ON Rlsrwé 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 GCURVES
WERE MODIFIED BY HaroLD CONKLING IN HIS 1943 ReEPORT To THE VENTURA COUNTY
BoarD OF SUPERVISORS oF FLooD ConTRoL ZoNE 2 (ReF. 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 ESPECIALLY,
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 FILLMORE anD SanTa PauLa
BAsSINS APPEAR QUITE REASONAOLE. BUT IN THE PIRU BAsx&, HOWEVER, MUCH MORE
WATER PERCOLATED DURING 1952 THAN WAS INDICATED 0Y KAWANO'S REVISION.
ADDITIONAL DATA WILL PROGCASLY CONFIRM THE SUGGESTION THAT THE WiLpeE~-LONG
CURVES ARE MORE NEARLY CORRECT FOR HIGH FLOWS IN THE PtrRU Basin,

WATER SPREAD

To SUPPLEMENT NATURAL STREAM PERGOLATION, WATER 1S CONDUCTED
FROM STREAM CHANNELS Tb BASINS OR ""SPREADING GROUNDS™, SPREADING OPERATIONS
WERE CONDUCTED oY THE SanTa CLARA WATER CoNSERVATION DISTRICT FOR MANY
YEARS, DIVERTING FROM PIru Creek IN THE Pi1RU Basin, FrROM SanTa Paura CREEK
IN THE SaNTa PauLa Basin, AND FROM THE SanTa CLARA RIVER TO THE SaTicoY
SPREADING GROUNDS IN THE MonTaLvo Basine, THE SanTa PAULA SPREADING GROUNDS,
AFTER SEVERAL YEARS OF CPERATION, WERE FOUND TO BE OF LITTLE DBENEFIT, AND
THEIR USE WAS OISCONTINUED. THE UniTED WaTER ConseErvaTION DisTRIGT TOOK
OVER THE OPERATION OF THE FIRU AND SATICOY SPREADING GROUNDS IN DECEMBER
1952, SINCE THEN, DIVERSION FACILITIES NEAR SATICOY HAVE DEEN ENLARGED

AND ADDITIONAL SPREADING GRUOUNDS HAVE OEEN CONSTRUCTED IN THE MoNTALVO

Basin NEAR.EL R1o0...FROM TIME TO TIME ADDITIONAL - ENFILTRATION-HA&S BEEN

ACCOMPUL ISHED BY DIVERTING FLOWS TO VARIQUS PARTS OF THE FLOOD PLAIN, AND
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BY SCARIFYING THE BED OF THE SanTa CLarRA RiIvER. (G0O0OD MEASUREMENTS ARE
AVAILABLE FOR THE WATER WHICH HAS DEEN DIVERTED TO THE PERMANENT SFREADING
GROUNDS.

IMFORTS 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 BasiN, NEAR THE STATE FisH HATCHERY, THE SITUATIGN IS QUITE COMPLEX.

THE StaTE FisH HATCHERY PUMPS FROM WELLS WITHIN THE FIRU BasSIN AND THE WATER

1S DISCHARGED T0 THE SanTa CrLara RIVER WITHIN THE FiLLMoRrRE Basin. SoME of

THE HATCHERY EFFLUENT 1S USED FOR IRRIGATION WITHIN THE FILLMORE BASIN BY THE
Sespe Land anND WaTer CoMpPanNy. MEASUREMENTS OF HATCHERY PUMPAGE AND IRRIGATION
DIVERSIONS HAVE DBEEN SPOTTY; THE FIGURES USED IN THE WILDE-LONG REPORT HAVE
DEEN USED, AND UPDATED ON THE DASIS OF RECENT RECORDS. WATER IS ALSO PUMPED
IN THIS BOUNDARY aREA DY THE LA CieNeeca WaTER COMPANY AND THE SOUTHSIDE
ImMPrOVEMENT CoMPANY., THESE WATERS ARE DELIVERED TO LANDS IN BOTH THE PiRuU
AND FlLLMORE BASINS, AND NO RECORDS ARE AVAILABLE TO DETERMINE THE DIVISION
OF THESE WATERS. IN OUR INVENTORY, THE PUMPING BY La ClENEGA WATER CoOMPANY
AND THE SOUTHSIDE IMPROVEMENT COMRANY WAS CGOGNSIDERED AN EXFORT FROM PIrU
BASIN, ALTHOUGH A PORTION OF TH!S PUMPAGE IS NOT EXPORTED TO THE UPPER
PART OF THE FJLLMORE Basin.

L1IKE THE LOWER END OF THE ©'IRU BAasSIN, THE LOWER END OF THE F{LLMORE
BasiNn Is aN AREA OF HEAVY EXTRACTION AND DJVERSION. FARMER'S |RRIGATION
CoMPANY FORMERLY vaaRTéD RISING WATER, AND NOW PUMPS FROM WELLS IN THIS
AREA, AND CONVEYS THE WATER INTO THE SaNTA PauLa Basin. GooD RECGROS ARE
AVAILACOLE 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 BASED ON A CROP SURVEY AND UNIT CONSUMPTIVE
USE VALUES APPLIED TO THE DETERMINED ACREAGES. CONSIDERED AS AN IMPORT
WERE THE MEASURED DIVERSIONS OVY THE SANTA PauLa WaATER WORKS AT THE GAGING
STATION ON SanTa Paura Creek.

Near SaTicoy, THE ALTA MutuaL WATER COMPANY PUMPS FROM WELLS
WITHIN THE MoNTaLvO 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 IN THE SanTa PauLA BASIN [S TRANSPORTED WESTERLY
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1 INTO THE MounD Bastin

SANTA CLARA RIVER UNDERFLOW

[ [N GOTH THE WILDE-~LONG AND KAWANO STUDIES THE UNDERFLOW OUT OF THE
PlRu, F[LLMORE, AND SANTA Pauta BasiNsS wAS DETERMINED AS A RESIDUAL IN “THE
) INVENTORY, FOR EACH OF THESE DOUNDARY AREAS WE HAVE MADE INDEPENDENT
ESTIMATES OF UNDERFLOW USING THE SLOPE=-AREA METHOD, WHIGCH EMPLOYS THE
EQUATION:
=F | A

WHERE g IS THE UNDERFLOW, E IS AN ESTIMATED PERMEAQILITY DASED UFON A STUDY

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

ANO A 1S THE EFFECTIVE CROSS~SECTIONAL AREA OF THE ALLUVIUM AND THE SaN

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

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

‘ (Rer. 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 BY MEANS OF THE SLOPE~AREA METHOD.

- BecAauseE RISING WATER HAS NEVER FAILED AND THE SATURATED CROSS=
SECTION AND WATER-TADLE SLOPES REMAIN NEARLY CONSTANT, THE UNDERFLOWS FROM
THE FILLMORE AND SANTA Pauta BASINS ARE CONSIDERED TO BGE 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 Pauta AND FirLtMorReE BaAsSiNS.
WE DC NOT DELIEVE THIS CONCEPT OF SIDE UNDERFLOW CAN DBE SUPPORTED GEOLOGI~-
CALLY FOR THE FOLLOWING REASONS:

: (1) THE ouTcrOPS OF THE SAN PEDRO FORMATION ARE OF LOW PERMEABILITY
b AND WILL NOT PERMIT ANY APFRECIADLE GCONTRIODUTION FROM RAINFALL
- PENETRATION, OR PERCOLATION OF THE INFREQUENT RUNOFF;

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

DOWNWARD TO DEPTHS MUCH GREATER THAN ANY WATER WELL.

WE HAVE NOPT {NCLUDED AN ITEM OF SIDE UNDERFLOW (N OUR INVENTORIES.
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PLATE 27

UNDERFLOW
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CULTURE SURVEYS

SURVEYS OF JRRIGATED LANDS WITHIN THE DISTRICT WERE MAOE AS EARLY
as 1912 ov THE UniTep STaTeES DEPARTMENT OF AGRICULTURE. OTHER SURVEYS
OF IRRIGATED ACREAGE, FOR THE YEARS 1920, 1925, anD 1930, WERE MADE IN
1930 oy THE SanTa CLara WaTER CONSERVATION DISTRICT IN COOPERATION WITH THE
VENTURA COUNTY AGRICULTURAL COMMISSIONER. THE FIRST DETAILED CULTURAL
surRvey oF VENTuUrRA CounTy wasS MaDE BY THE CALIFORNIA DivisionN OoF WATER
RESOURCES IN 1932 DURING THE BULLETIN 46 sTuDiES. THE NEXT CULTURAL SURVEY,
COVERING THE LANDS oF THE SANTA CLArRA WATER CoNservaTioN DisSTRICT, waAS MADE
By HaroLD CoNkLING IN 1947. ANOTHER CULTURAL SURVEY, IN 1940-50 anp
COVERING THE ENTIRE COUNTY, WAS A PART OF THE BuLLeETIN 12 STUDIES OF THE
CaLtiFornta DivisioN oF WATER RESOURCES. ADDITIONAL INFORMATION WAS OBTA!INED
By Kawano FoR 1955. THOUGH NOT ORIGINALLY INTENDED AS A PART OF OUR
INVENTORY STUDIESy OUR MODIFICAT!ION OF DBOUNDARIES IN THE UPSTREAM DBASINS
NECESSITATED AN UP=~TO=DATE CULTURAL PATTERNs ACCORDINGLY,; A DETAILED FIELD
CHEGK OF LAND USE WAS MADE IN LATE 1958 anp EarLy 1959 For Piru, FiLLmoRE,
SanTa Paura, anD MonTaLvO BAsINs. THE RESULTS OF THESE SURVEYS ARE G!VEN
iIn TarLe V-1,

CONSUMPTIVE USE

THE PUMPING DEMAND WITHIN A DASIN WAS DETERMINED OY APPLYING UNIT
CONSUMPTIVE USE VALUES TO ACREAGES DEVOTED TO THE VARIOQOUS 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. GCONSUMPTIVE USE
0Y PHREATOFHYTES IS CONSIDERED PART OF THE PUMPING DEMAND. THE UNIT
CONSUMFTIVE USE VALUES ARE LARGELY THOSE USED IN THE BULLETIN T2 STUDIES, AS
MODIFIED IN THE WiLoe-Long AND KawaANO sTUDIES. THESE VALUES WERE DEVELOPED
By THE BraneEvy-CripoLeE MeTHoD (ReEF. 3}, THIS METHOD IS DESIGNED TO ALLOW
COMPUTATION OF CONSUMPTIVE USE FROM CLIMATOLOGICAL DATA. ]F ONLY MONTHLY
TEMPERATURE RECORDS ARE AVAILADLE AND LATITUDE IS KNOWN, THE CONSUMPTIVE

USE CAN DE COMPUTED FROM THE FORMULA:

U =KF
WHERE U = CONSUMPTIVE USE OF WATER IN INCHES FOR ANY PERIOD, K = EMPIRICAL
CONSUMPT!VE;EOEFF!CIENT, AND F = SUM OF MONTHLY CONSUMPTIVE USE FACTORS FOR
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TABLE V-1 1958~59 ACREAGES USED

IN CALCULATING

PHREATOPHYTE REQUIREMENTS

IRRIGATION AND

GROP OR USE
URBAN 147 1,632 1,732 1,050
ALFALFA 20 143 190 8o
CITRUS & AVOCADOS 3,990 9,487 7,815 1,500
WALNUTS 72 178 742 100
DEC1DUOUS 20 20 25 10
TRUCK 60 354 345 360
PASTURE 30 207 183 -
BEANS -- 3259 739 1,110
PHREATOFHYTES 550 1,347 485 310

TOTALS 4,889 13,727 12,256 4,520



~———y

"THE PERI1OD (SUM OF THE PRODUCTS OF MEAN MONTHLY TEMPERATURE ANO MONTHLY

PER CENT OF ANNUAL DAYTIME HOURS). THE K chFF;CJENTs HAVE OEEN
DETERMINED FROM SOIL MOISTURE STUDIES FOR MANY CROPS AND IN MANY AREAS.
ANNUAL VALUES USED ARE GIVEN IN TADLE V=23 MONTHLY VALUES FOR THE FREE
GROUND WATER BASINS MAY DE FOUND IN TADLES 44-47 oF THE WiLDE-LONG REPORT.
IN THE PRESSURE AREAS -~ Mounbo, Oxnard PLalnN, AND PLEASANT
VALLEY -= WATER PUMPED INCLUDES THE REQUIREMENTS FOR CONSUMPTIVE USE
INCREASED TO ADJUST FOR !RRIGATION EFFIGCIENCY. THE WATER DELIVERED MAY
DE DETERMINED 3Y FLOW-METER RECORDS, OR STUDIES OF POWER CONSUMED IN
#UMPING WATER FROM WELLS.

RAINFALL PENETRATION

" SOME OF THE RAIN WHICH FALLS ON THE BASINS UNDERLAIN DY FREE
GRCUND WATER {S ADLE TO PASS THROUGH THE SOIL AND REACH THE WATER TADLE.
THIS CAN HAPPEN ONLY WHEN THE SOIL HAS DEEN RESTGCRED TO FIELD CAPACITY
AND RAIN WATER |8 SUPPLIED IN EXCESS OF THE CONSUMETIVE 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 CALLED THE INITIAL FaLL
S§CIL MOISTURE DEFICIENCY!!. THIS IS ASSUMED TO EXIST EACH YEAR oN OCTOBER
1, AT THE START OF THE RUNCFF YEAR, THE RAIN FALLING EACH MONTH IS
ASSUMED TO GO FIRST TO CONSUMPTIVE USE, THEN TO SOIL MOISTURE. P IN ANy
MONTH, MORE RAIN IS AVAILADLE THAN IS NEEDED FOR CONSUMPTIVE USE AND TO
RESTORE THE SOIL TO FIELD CAPACITY, THE EXCESS |S CONSIDERED TO OE
RAINFALL PENETRATION. UNIT MONTHLY RAINFALL PENETRATION VALUES MULTIPFLIED
BY APPROPRIATE ACREAGES PRODUCES THE TOTAL MONTHLY VOLUME OF SUCH RECHARGE.
DETAILED STUDIES WERE MADE 8Y WILDE~LONG, AND SLIGHTLY MOOIFIED oY
Kawano. Using KawanO'S MODIFIGATION, WE HAVE RECALCULATED UNIT RAINFALL
PENETRATION VOLUMES FOR THE ENTIRE 1936-57 pase PERIOD. SINCE OUR
STUDIES INVOLVEG CONSIDERADLE REFINEMENT OF THE RAINFALL PENETRATION AREAS,
THE REVISED UNIT VALUES WERE APPLIED TO DIFFERENT ACREAGES ADJUSTED TO
THE 1958-59 rFi1eLo cHeck (TapbLe IV-3).
GROUND WATER STORAGE DEPLETION

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

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

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

oRop o8 sunrice  [Jf FILLORE Sms mws senTauio
URBAN 8.42 8.42 8.42 8.42
ALFALFA Li L6 ha.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 30,141
TRUCK 27.87 27,26 27.26 26.83
BEANS ——— 18.00 18.00 18,00
PASTURE 41.51 40,93 40.93 40.23
PHREATOPHYTES 62.40 60.88 60.88 60.75



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

19,830

R B i
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 DBASIN IS FULL AT THE OEGINNING AND END, NO CONSIDERATION NEED DBE
GIVEN TO NET CHANGE OF STORAGE. UNFORTUNATELY, NO SUCH PERIOD IS AS YET
AVAILADLE FOR WHICH MECORDS ARE SUFFICIENTLY RELIADLE, »|T IS NECESSARY,
THEN, TO DETERMINE THE VOLUME OF WATER WHICH 1S REMOVED WHEN THE WATER
TADLE DROPS FROM ONE POSITION TO A LOWER PGSITION, OR HOW MUCH WATER MUST

DE ADDED TO CAUSE A CHANGE FROM A LOWER LEVEL TO A HIGHER LEVEL. OnLY

A PORTION OF THE INDICATED VCLUME CHANGE IS OCCUFIED 8Y WATER, AND NOT

ALLL OF THIS CAN DOE REMOVED OY PUMPING. THE PART OF THE WATER HELD TENAC]OUSLY

DY FORCES GF ADHESION AND COHESION IS CALLED SPECIFIC RETENTION; THE PART
WHICH DRAINS FREELY IS CALLED SPECIFIC YIiELD. BOTH SPECIFIC YIELD AND
SPECIFIC RETENTION ARE EXPRESSED AS PERCENTAGES OF 'THE ENTIRE SATURATED
VOLUME AND THE|R SUM |S THE PGROSITY, ALSO EXPRESSED AS A PERCENTAGE.
DETERMINATION GF CHANGES N GROUND WATER STORAGE INVOLVES PRIMARILY THE
APPLICATION OF APPROPRIATE SPECIFIC YIELD VALUES TO THE VOLUME DEWATERED
OR FILLED. FOR THIS RFURPOSE, UNIT SPECIFIC YIELD VALUES WERE USED FOR
MATERIALS COMMONLY ENCOUNTERED IN DRILLING (TADLE-{|~1)o WITHIN EACH FREE
GROUND WATER DBASIN, GEOLOGI!CALLY HOMOGENEOUS 'CELLS" WERE DLOCKED OUT,
EACH INCLUDING A GROUFP OF WELLS. WEIGHTED AVE~AGE SPECIFIC YIELD VALUES
WITHIN EACH OF THESE CELLS WERE ASSIGNED TO EACH 25-F00T VERTICAL (NTERVAL
BELOW THE MAXIMUM WATER SURFACE, ASSUMED TO HAVE OCCURRED IN THE SPRING
of 1944, STorace pDeEPLETION cURVES (PLaTE 8) WERE THEN CONSTRUCTED BY
RELATING HISTORIC WATER-LEVEL MEASUREMENTS OF A SINGLE WELL WITHIN EACH
BGASIN TO THE UNWATERED STORAGE CAPACITY DERIVED FROM THE SPECIFIC YIELD
STUDY.

EVERY HYDROLOGIC INVENTORY PRODUCES SOME DEGREE OF I[MBALANCE,
OR UNACCOUNTED-FOR WATER. JTHE BALANCING PROCEDURES USED HEREIN INVOLVED
COMPARING A CHANGE=OF~STORAGE VALUE DETERMINED FROM THE INVENTORY WITH
THE CHANGE-CF-STORAGE VALUE DETERMINED FROM PLATE 8., IN GENERAL, ALL OF
THE INVENTORY ITEMS WERE INDEPENDENTLY DETERMINED, RATHER THAN ONE BEING
LEFT AS A RESIDUAL. THE TWO AVAILABLE STORAGE CURVES WERE PLOTTED FOR
A SERIES OF CHECK POINTS TO DETERMINE NOT ONLY THE MAGN[TUDE, DUT THE
TRENDS OF THE DISCREPANCIES. EXCELLENT CHECKS CAN USUALLY DBE OBTAINED AsS

WATER LEVELS OROP OVER A PERIOD OF ODRY YEARS. POoOR CORRELATIONS ARE

OBTAINED IN A-HEAVY- RAINFALL YEAR FOLLOWING A SERIES OF DRY YEARS (1952,

1958). THIS IS EXPLAINED OY THE PRESENCE OF MUGH WATER "IN TRANSIT! WHICH
MAY REQUIRE MORE THAN A YEAR TO 3E INCORPORATED INTO THE MAIN DODY OF
GROUND WATER, AND DECOME STAULE.
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ANNUAL SUMMARIES

DETAILED MONTHLY GROUND WATER INVENTORIES WERE MADE FOR THE
Piru, FiLuMoRE, SanTa PauLa, anNp MonTaLvo Basins. ANNUAL SUMMARIES OF.
THESE INVENTOR!ES ARE SHOWN ON PLATES 28~31. CHANGE OF STORAGE IS
COMPUTED FOR THE RuUNOFF YEAR (OcTooer 1=-SePTEMBDER 30), AND AVAILABLE

STORAGE F|IGURES ARE THOSE FOR THE END COF THE RUNOFF YEAR, .

! SAFE YIELD AND OVERDRAFT

SAFE Y!1ELD OF A GROUND WATER BASIN MAY BE DEFINED AS THE MAXI-
MUM PERENNIJAL RATE OF EXTRACTION WHICH WILL NOT PRODUCE CERTAIN UN-

DESIRABLE CONDITIONS. THESE CONDIT|ONS MIGHT BE:

i (1) LOWERING THE WATER LEVELS SO FAR AS TO MAKE PUMPING UN=-

; ECONOMIGCAL;

(2) cAUSING A SERIOUS DETERIORATION OF WATER QUALITY;
(3) INTERFERING UNREASONADLY WITH EXISTING WATER RIGHTSa
UPSTREAM BASINS
' To DATE THE PERENNIAL EXTRACTIONS OF WATER IN THE PIRU,
FrLumore, AND SanTa PauLas BASINS HAVE NOT EXCEEDED SAFE YIELD. THESE
DASINS ARE VIEWED IN THE LIGHT OF HISTORIC YIELD DURING THE BASE PERIOD
1936-57, THE HISTORIC YIELD OF THESE UPSTREAM BASINS IS CONSIDERED
EQUAL ToO:
(1) THE AMOUNT OF WATER SUPPLIED TO SATISFY CONSUMPTIVE USE
REQUIREMENTS FOR URBAN AND IRRIGATION PURPOSES, AND THE
DRAFT ON GROUND WATER BY PHREATOPHYTESS
(2) PLUS THE TOTAL PUMPAGE EXPORTED OR SURFACE DIVERSIONS
DELIVERED TO THE NEXT DASIN DOWNSTREAM;
(3) MINUS THE TOTAL IMPORTED WATER.

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

FOLLOWS !
| Piru BasIn 12,600 ACRE-FEET PER YEAR
| FiLemore BasinN 23,100 ar/vyRr
SaANTA PauLa Basin 18,500 ar/YR
ToTaL 54,200 ar/vr

THE SOLE LIMITATION ON HISTORIC YJELDS HAS DEEN THE AMOUNT

OF WATER REQUIRED FOR CONSUMPTIVYE USES [N THESE THR;;,QASINSHANP I'N

[V=9



IEAR

1936-37
38

(1
FLOOD

95,620
197,760
68,910
27,620
317,030
82,600
192,830
217,440
57,210
50,530
51,860
17,490
13,250
. 11,820
6,700
97,710
16,520
16,900
12,190
11,260
15,540

75,180

(3) (W (5)
UNDERFLOW  TOTAL INFLQW  UNDERFLOW
IN _ T0 BASIN 13
“2ho. 95,860 2Lo
240 198,000 240
240 69,150 240
240 28,760 ahg
240 318,670 ayo
240 84,680 2Lo
240 194,870 aho
2ko 219,360 240
2o 59,300 240
2o 52,820 2uo
auo 54,360 240
240 20,570 2o
ako 16,670 auo
240 15,900 2ko
240 10,620 2ko
240 101,250 240
alio 20,780 2ho
240 21,560 240
2lo 17,000 2Lo
2o 16,220 240
2ko 21,620 240
240 78,000 2uo

(€

RAINFALL

PENETRATICN FERCOLATION

10,290
7,470
1,870
2,2h0

15,110

750

11,260
8,340
2,250
1,810
1,970

300
2Lo
870
190

11,54
1,110
2,550
1,420
2,160
1,710

4,070

PIRU BASIN

ANNUAL SUMMARY OF GROUND WATER INVENTORY {Acre-Feet)

n

STREAM

47,580
%8k
bl 560
18,580
68,270
46,690
55,810
61,550
36,400
27,460
26,780
15,240
11,640
9,850
6,400
47,670
12,660
12,050

10,110

8,890
11,620

30,410

(&)

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
5,8l40
5,140

1,690

5,140

(9

TOT4AL TO
GROUND WATER
BASIN

66,300
72,810
53,440
26,170
€9,300
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
REQUIRENMENT

6,820
8,150
8,400
8,900
6,680
8,730
8,540
8,340
7,750
8,480
9,570
10,270
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
5,480
6,640
6,700
6,700
5,510
6,810
3,740
5,620
4,860
2,960
3,410
1,530

5,520

(12).

UNDERFLOW
ouT

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

17,200

(13)

RISING
WATER

lg,uso
24,620
25,400
13,630
29,510
37,800
31,300
37,470
31,860
22,7580
16,630
6,160
0

0
0
2,910
3,990
0
0
0
0

14,170

()

EXPORT

2,340
2,380
2,69
2,650
2,200
2,790
2,970
2,850
2,820
3,090
3,180
2,980
6,180

(15)

TOTAL FROM
GROUND WATER
BASIN

39,790
53,090
54,320
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
2k,350
9,040
248,760
35,910
137,020
155,590
20,810
23,070
25,080
2,250
1,610
1,970
300
50,0u0
a,sso
»850
2,080
2,370
3,920

44,770

7

TOTAL
OUTFLOW

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

"137u70
- 6)150
-17,060
-15,070
-10,290

-17,750

+44,530
-13,170
- 5:7”0
- 7,550
- 5,310
- b,510

PLATE 28
(19)

AVATLABLE
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
. 8,690
71,860
i
b

90,460
94,970



(1)

FLOOD
INFLOW

227,330

397,490
66,770

127,880

(3)

RISING
WATER

13,450
2k,620
25,400
13,630
23,510
37,800
31,300
37,470
31,860
22,780
16,630
6,160
0

0
0
2,910
5,990
0

o]

0
0

14,170

(W)

UNIERFLOW
IN

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

16,700

18,570
18,720

18,700

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

18,080

17,340
15,750

14,550
12,570

17,200

(5

TOTAL INYFLOW
TO BASIN

266,360
149,530
119,770
77,94
701,880
139,900
381,540
367,430
131,380
135,690
112,460
38,160
33,690
40,170
21,830
234,680
,640
63,210
42,640
53,160
47,850

167,420

(6)

UNDERFLOW
IN

17,900
18,410

18,620

n

(8)
RAINFALL STREAM
FENETRATIOGN  PERCOLATION
21,460 43,130
24,550 . 27,500
4,850 39,950
4,770 26,280
37,880 23,660
3,130 39,180
25,990 23,110
17,070 36,180
5,700 38,210
3,530 L1,170
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

314,280

27,970
51,890

(10)

NET
CONS. USE
EEQUIREMENT

20,620
23,470
2k,530
26,4110
20,890
25,070
2L, 590
24,460
25,730
26,490 -
28,610
29,140
28,060
2l,9%0
28,350
20,590
26,580
2k,680
23,390
2,720
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

(12)

UNDERFLOW

QUT

5,400
5,100

(13)

RISING
VWATER

38,400
39,700
42,500
35,100
45,200
4k, koo
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
64,470
60,180
65,890
6%,380
66,650
69,850
66,850
68,650
63,050

(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

6,570
18,000
13,830

117,370

an

TOTAL
OUTFLOW

250,330
55,250
116,690

85,900

719,260
142,500
398,370
373,260
133,510
136,400
114,290
52,270
45,4k0
hg,63o
34,870
213,370
58,920
58,380
ko,l0
55,810
53,390

170,680

(18)

CHANGE
IN
STORAGE

+30,210
+ 9,820
- 1,080
-10,430
+14,420
-.6,670
+ 1,150
+ 1,930
- 4,220
- 5,250
- 4,260
-19,900
-20,170
- 9,580
113370
+12,970
-11,950
+ 1,590
- 3,860
- 3,530
~11,530

PIATE 29
(19)

AVATLABIZ
spouat
3
181133
2,320
9,370
19,200
5,380
12,050
10,900
8,970
13,190
1%

22,700
42,600
62,770
72,350
91,770
48,800
60,750
595160
63,020
66,550
78,1140



AVERAGE

(1)

FLOOD
INFLOW

232,480
458,750
60,240
30,320
732,110
80,040
387,040
331,020
77,900
79,060
59,490
2,u4ko
3,770
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
7,000

8,500

€,600
6,940
7,200
5,640
7,030
5,250
4,790
7,840
7,020
8,570

6,250

(3)

RISING WATER
LESS
DIVERSIONS

38,080
38,910
41,980
34,620
43,530
43,960
42,960
47,710
42,k90
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
5,400

TOTAL INFLOW
TO BASIN

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)

(7 (8) (9 . (10) (11) (12) (13) (1)

: NET ,

i TOTAL TO NET EXTRACTION FROM

RAINFALL STREZAM GROUND WATER  COKS. USE IN-BASIN GROUND WATER UNDERFLOW

PENETRATION  FERCOLATION BASIN " EEYUIKSMENT  DIVERSIONS  EXPORT BASIN ouT
10,920 . 13,610 29,930 f15,150 150 820 12,260 1,800
15,060 11,900 32,360 18,340 200 570 13,410 1,800
1,940 al, ko 31,780 19,070 220. 450 14,880 - 1,800
1,580 19,880 26,860 . 20,590 280 490 17,030 1,800
25,590 9,970 10,960 15,490 190 350 9,810 1,800
1,170 20,970 27,540 19,410 280 310 14,020 1,800
15,510 12,090 33,000 . 18,40 .. @280 uz0 12,790 1,800
8,260 20,520 34,280 . 18,310 290 410 - 13,670 - 1,800
1,350 23,750 31,040 - 20,150 390 u£0 15,270 1,800
500 22,530 28,430 < 20,550 340 200 14,430 © 1,800
2,250 19,240 26,8490 21,410 390 710 13,700 1,800
80 12,750 ~ 18,230 28,970 . bgo 880 17,200 1,800
0 10,750 16,200 13,660 490 870 14,430 1,300
1,150 10,710 17,260 " 17,060 Lo 560 11,280 ¢ 1,800
. bo 4,210 9,650 22,030 550 710 16,710 . 1,800
18,790 19,970 Lh,150 - 15,420 370 500 5,480 1,800
1,540 17,060 - 24,000 20,2i0 540 £50 15,580 1,800
3,930 15,650 24,980 19,050 856G 570 1,40 1,800
1,370 10,330 17,100 . 13,7ho 650 650 12,330 1,800
3,800 12,490 21,550 . 18,180 610 560 11,340 1,800
2,830 10,970 14,200 . 19,840 710 . Tho' 11,600 1,800
5,630 15,420 26,150 ©19,340 %00 530 13,580 1,800

(15)

RISING
WATER

12,850
17,200
16,580
15,480
16,560
16,960
17,200
17,340
15,350
13,510
11,050

,000
3,340

. 2,930

2,0L0
11,800
13,650
12,380
4,710
4,430
8,780

11,340

(16)

TOTAL FROM
GROUND FATER
 BASIY

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

31,790
32,810
32,430
29,940
26,550
23,000
19,870
16,010
20,550
22,hg0
31,030
28,620
13,840
17,570
22,130

26,720

(17)

FLOOD
OUTFLOW

256,800
485,560
77,560

- by,780

765,480
102,750

- 17,630

357,820
96,240
97,330
71,590

5,400
5,650
9,780

0

210,0l0
21,760
25,370

5,680
20,290
14,610

147,390

(18)

TOTAL
OU‘I‘F".[.OW

283,710

-517,970

110,820
79,090
793,650
135,530
4L9 420
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

4+ 1)
=
<
n
n
2

PLATE 30
(20)

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

27,330 ...

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

16,820



TEAR

1936-37
38

39

4o

n

k2

3

147,510

(2)

RISING
WATER

14,480
16,820
17,230
15,640
16,940
16,960
17,200
17,340
15,360
13,900
11,120
7,310
6,330
5,890
950
10,400
12,540
11,710
8,300
9,040
8,410

12,110

(3) (5
UNDERFLOW  TOTAL INFLOW  UNDERFLOW
Iy TO BASIN IX
1,800 270,140 1,800
1,800 501,650 1,300
1,800 © 90,900 1,800
1,800 60,290 1,800
1,800 783,550 1,800
1,800 121,510 1,800
1,800 436,630 1,800
1,800 376,960 1,800
1,800 112,340 1,800
1,800 111,670 1,300
1,800 84,910 1,800
1,800 18,080 1,800
1,800 14,460 1,800
1,800 21,780 1,800
1,800 3,010 1,800
1,800 225,080 1,800
1,800 30,790 1,800
1,800 39,5 1,800
1,800 20,910 1,800
1,800 39,210 1,800
1,800 26,380 1,800
1,800 161,420 1,800

()

(6) (1)

RAINFALL STHEEAM
PENETRATION  FERCOLATION

4,3% 38,230
4,520 39,310
1,210 21,890
750 14,440
12,220 53,680
920 31,470
4,570 35,080
3,590 27,090
800. 27,580
480 21,960
1,010 14,870
100 7,090
60 6,390
710 5,510
100 1,020
7,060 27,50
700 1,900
2,010 6,400
660 3,110
2,320 4,330
530 4,290
2,320 18,720

. MONTALVQ BASIN

ANNUAL SUMMARY OF GROUND WATER INVENWTORY (Acre-Feet)

(8)

SPREADING
GROUNDS

20,140
13,650
13,550
16,790

400

0

0
1,960
4,740
17,250
22,760
7,800
5,530
9,700

0

25,370
21,850
19,760
12,210
17,160
13,080

11,600

(9)

TOTAL 10

GROUND WATER

BASIN

64,510
59,280
38,450
33,780
68,100
34,190
1,420
34,440
34,920
41,480
16,790
13,780

¥

[
|

i
i
¢
|
!
H
i

17,720 -

2,920
61,790
26,250
25,970
17,780
25,610

19,700

34,440

{'f

(10)

NET
CONS. USE
REGUIREMENT

6,170
7,0’40
7,700
8,270
6,?410
8,200
7,720
7,460
8,520
8 ,)480
8,990
9,320

(11)

IRRIGATION
DIVERSION

1,060
1,060
1,660
1,330
840
670
630
520
240
500 -
670
550
750
350
190
640
2,030
1,630
1,810
1,730,
1,600

gr0

(12)
XET

EXTRACTION FROM

GROUND WATER
BASIN

5,140
6,020
6,040
6,940
5,640

(13)

UNDERFLOW

ouT

24,750
36,500
39,600
39,600
36,800

1,200

27,500

. 214,000

36,270
38,300
38,040
30,680
23,720
19,480

6,480

16,680

36,760
2L,760
20,440
21,360
13,200

27,910

(1)

. EXPORT

1,320
1,330
1,520
1,50
1,140
1,730
15’-&0
1,300
1,460
1,760
1,890
2,280

2,050
1,7

2,110
1,190
1,790
1,530

1,700
1,610

3,640

1,720

(15)

BASIN

31,210
43,850
47,160
48,100
13,580
40,510
36,030
32,210
46,020
g ,0k0
4g ,250
41,770
33,950

28,150

16,710
23,400
. 1,500
31,710
27,080
. 27,740

22,40

.36,310

. TOTAL FROM
GROUND WATE

- (16)

FLOOD
OUTFLOW

208,910
445,830
52,000
25,930
726,830
87,5710
399,150
345,590
77,980

©.. 70,160

44,810
)

0
© 4,420
' 0
169,710
. 3,210

9,95

1,980
14,190

5,610 v

128,320

in

TOTAL
OUTFLOW

240,120
489,680

99,160

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

224,000

118,200
93,060
42,610
33,950

28,070
164,630

- (18)

CHANGE
IN
STORAGE

+33,300
+15,430
- 8,710
-14,320
+2l4,520
- 0,320
+ 5,390
+ 2,200
~11,100
- 6,560
-~ 7,810
-2l4,980
-20,170
-10,430
~13,790

‘+38 ,390
-18,2

- 1,7

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

PLATE 31
(19)

AVATLABIE
STORAGE
57,000
23,700
8,270
16,980



PORTIONS OF THE MounD aND MONTALVO BASINS TO WHICH WATER IS EXPORTED.

THE YJELDS OF THESE THREE DBASINS COULD DE INCREASED CONSIDERABLY IF

LOWER. WATER TABLES COULD BE-TOLERATED. -
MONTALVO BAS IN

UNDER THE CONDITIONS PREVAILING DURING THE 1936757 BASE PERIO0D,
IT 1S CONSIDERED THAT THE MONTALVO BASIN HAS EXPERIENCED NO OVERDRAFT,
ALTHOUGH THE HISTORIC YIELD IS PRODAGLY NOT MUCH BELOW THE SAFE YIELD,
THE HiISTORIC YIELD 1S GALCULATED As 8380 ACRE~FEET PER YEAR. THE UNDERFLOW
oUT OF THE MONTALVO BasiN HAS AVERAGED anouT 28,000 ACRE~FEET PER YEAR
OVER THE 1936-57 pASE PERIOD. THIS (S CONSIDERED TO BE THE PRIMARY
SOURCE OF SAFE YIELD TO THE OXNARD AQUIFER AND To THE Mounp Basine [T

HAS ALSO DEEN A SOURGCE OF REGCHARGE TO THE Fox CANYON AQUIFER I[N THE
AVERAGE AMOUNT oF 2000 ACRE-FEET PER YEAR.

OANARD PLAIN AND MOUND BASIN

AN ANALYSIS OF WATER SUPFLIES FoR THE OxNarRD PrLatnN anp Mounp
BAS.IN wAS MADE FOR THE BASE PERIOD 1936~57. FOR THIS ANALYSIS, IT WAS
FOUND ADVANTAGEOUS TO DIVIDE THE BASE PERIOD INTO TWO SUD~PERIODS=~=THE
WwET 1936-46 crRouP OF YEARS, AND THE 1946-~57 PRIMARILY DRY GROUP OF
YEARS., THE RESULTS OF THIS ANALYSIS ARE GIVEN [N TaoLe [V-4, THE UNDER-
FLOW FROM MONTALVYO BASIN IS DERIVED FROM THE DETAILED GROUND WATER
INVENTORY (PLATE 31). LoSS OF FRESH=WATER STORAGE DUE TO SEA;WATER IN=
TRUSION INTO THE OXNARD AQUIFER FOR THE YEARS 1946-57 HAS BEEN ESTIMATED
ASs 90,000 ACRE~FEET; THIS HAS RESULTED IN A LOSS OF USAOLE STORAGE
GAPACITY OF ABouT 135,000 ACRE-FEET. = THE REMAINING ESTIMATED LOSS OF
FRESH~WATER STORAGE CAPACTIY |S CONS|DERED TO HAVE TAKEN PLAGE WITHIN
THE UPPER PLEISTOCENE AQUIFERS SEAWARD OF THE MounD Basin. ONLY A VERY
SMALL AMOUNT OF WATER COULD HAVE COME FROM THE COMPACTION OF CLAYS,.
TH1S CONCLUSION WAS BASED ON THE ASSUMPTION THAT COMPACTION OF CLAYS
DUE TO PRESSURE REDUCTION WITHIN THE OXNARD AQUIFER WOULD HAVE RESULTED
IN SUDSIDENCE OF THE GROUND SURFACE EQUIVALENT TO A LARGE PERCENTAGE
OF THE ACTUAL COMPACTION. JTHIS ASSUMPTION IS JUSTIFIED BY THE INCOMPETENT
NATURE OF THE UPPER SEVERAL HUNDRED FEET OF SEDIMENTS BENEATH THE OXNARD
PLain, A REVIEW OF RECORDS OF PRECISE LEVELING ACROSS THE OxNARD PLAIN

REVEALS THAT NO APPRECIAGLE SUBSIDENCE OCGCURRED BETWEEN 1939 aND ABouT

V=10



TABLE V-4

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

ITeEM oF [NGREMENT 1936-46
UNDERFLOW FROM MonTaLvO BasIn 31,500

Loss oFfF FRESH~-WATER STORAGE BY SEA~
WATER INTRUSI|ON

DownrFLow FroOM SEMI~PERCHED ZONE

0
0
REDUCTION OF OUTGROP STORAGE 0
COMPACTION OF GLAYS ]

ToTaL ' 31,500

!TEM oF DECREMENT

PuMPAGE ON OXNARD PLAIN AND IN

Mounp Basin 55,300
OUTFLOW TO OGEAN 7,800
UPWARD LEAKAGE TO SHALLOW ZONES 500‘
ExPorRT To WEsST Las Posas ‘ 700

ToTaL 64,300

SAFE YIELD GCOMPONENT OF UNACCOUNTED=-
FOR WATER 32,800

1946-57
18,500
12,000

20,000
2,500

53,000

71,400
0
0

1,600
73,000

20,000



1950, LATER SURVEYS MAY INDICATE THAT SOME SUBSIDENCE HAS TAKEN PLACE
SUBSEQUENT To 1950,

PuMPAGE FIGURES FOR THE OXNARD PLAIN aAND THE MouNnD Basin ARE
DERIVED LARGELY FROM BuLLETIN 12, ADJUSTED FOR IMPORTS, AND DEEPER
PUMPAGE ON THE OxnNaARD PrLaIN. OUTFLOW TO THE OCEAN WAS DASED ON SLOPE~
AREA STUDIES AND |S DELIEVED TO REPRESENT A MINIMUM, EXPORTS TO THE
WesT Las Posas AREA ARE FROM THE DISTRICT'S RECORDS,

THE ITEM OF UNACGCOUNTED=FOR WATER DURING THE 1936-46 pertioOD
REPRESENTS WATER WHICH MUST HAVE DBEEN SUPPLIED TO SATISFY THE ESTIMATED
DEMANDS AND OUTFLOWS, THIS UNACCOUNTED-FOR WATER HAS TWO POSSIGLE
EXPLANATIONS:

(1) ESTIMATED PUMPAGES ARE TOO GREAT;S

(2) ESTIMATED INFLOWS ARE TOO SMALL,
THERE WAS NO OVERDRAFT DURING THE 1936-46 PERIOD AND IT 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 DBE A COMPONENT OF SAFE YIELD.
Durineg THE 1946-57 PERI0D, THE SAFE YIELD COMPONENT OF UNACCOUNTED—-FOR
WATER IS REDUCED To 20,000 ACRE-FEET PER YEAR., 10 BALANCE THE SUPPLY
AND DEMAND DURING THE 1946-57 DRY PERIOD, |T IS NECESSARY TO DRAW
HEAVILY FROM STORAGE AND THE SEM{~PERCHED ZONE. IHE ESTIMATES FOR
INTRUDED FRESH-WATER STORAGE AND LOSS OF OUTCROP STORAGE ARE BELIEVED
NEAR THE MAXIMA. BASED ON CALCULATIONS OF AVAILADLE (RRIGATION RETURN
WATER, THE ASSIGNED DOWNFLOW FROM THE SEM|—PERGHED ZONE IS QUITE HIGH.
Tuis Is A CONSERVATIVE APPROACH WHICH CURDS OVER=OPTIMISM ON AVAILABLE
SAFE YIELD SUPPLYs |IT 1S QUITE POSSIDBLE THAT THE SEMI—~PERCHED DOWNFLOW
1S LOWER AND THE SAFE YI|ELD 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 WwaAS 64,300 ACRE-FEET PER YEAR. FOR THE
1946-57 PERIOD THE SUPPLY IS TAKEN AS THE UNDERFLOW FROM MONTALVO
BASIN PLUS THE SAFE YIELD COMPONENT OF UNACCOUNTED=-FOR WATER, A TOTAL OF
38,500 ACRE-FEET PER YEAR. THE AVERAGE ANNUAL SUPPLY DURING THE ENTIRE

1936—57 PERIOD WAS 50,800 ACRE—-FEET PER YEAR. JTHIS SUPPLY 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 QUALITY MAKES IT QUESTIONADLE AS A
SAFE YIELD ITEMe UNDERFLOW TO THE OCEAN DURING WET PERIODS WHIGH COULD
NOT BE INTERGEPTED WOULD TEMD TQ DECREASE THE AVAILABLE SAFE Y!ELD
SUPPLY. THE AVERAGE ANNUAL PUMPING DEMAND DURING THE 1936~57 PERIOD WAS
63,700 ACRE-FEET PER YEAR. THUS THE OVERDRAFT DURING THE ENTIRE BASE
PERI1OD wAS 63,700 mMinus 50,800 or an aVERAGE oF 12,900 ACRE-FEET PER YEARs
WITH FUTURE INGREASES OF PUMPING DEMAND, THI!S OVERDRAFT WILL GROW,
FOX CANYON AQUIFER
THE MAIN SOURCES OF RECHARGE TO THE Fox CANYON AQUIFER ARE:
(1) THE MoNTALVO BASIN THROUGH THE SUB-ALLUVIAL OUTCROP BENEATH
THE SATICOY SPREADING GROUNDS;
(2) wunpERFLOW FROM WeEsST Las Posas Basing
(3) unpDERFLOW FROM EasT Las Posas Basin,
THe MonTaLvo BasiIn AND WeEsST Las Posas BasIN SOURCES ARE ESTIMATED AS
2000 ACRE-FEET PER YEAR EACH. THE MoNTaLvO BASIN SOURGE WILL DE PERENNIAL,
BUT THE UNDERFLOW FROM THE OVERDRAFTED WEST Las PosAs AREAS S EXPECTED
TO DECREASE. FRoM EasT Las Posas BasiN, WHERE UNDERFLOW HAS BEEN ADOUT
3000 ACRE=FEET PER YEAR [N THE PAST, THERE WILL BE DECREASING RECHARGE
AS OVERDRAFT INCREASES. NoO OTHER SOURCES OF RECHARGE TO THE Fox Canvon
AQUIFER ARE GCONSIDERED AS QUANTITATIVELY SIGNIFICANT.,
ALTHOUGH THERE MAY HAVE BEEN ESCAPE OF FRESH WATER TO THE
0CEAN PRIOR To 1946, THE CURRENT OVERWHELMING GROUND WATER DECREMENT
IS PUMPED EXTRACTIONS, A DETAILED STUDY HAS BEEN MADE OF THE ACREAGE
SERVED FRoM Fox Canyvon WELLS,-AND METERED PUMPAGES HAVE DEEN_OCTAINED,
WHERE AVAILABLE. As oF 1959 asouT 4900 ACRE~FEET PER YEAR REPRESENT
MEASURED PUMPAGES. AN ADDITIONAL 14,600 ACREsS WERE BEING [RRIGATED
FROM WELLS REAGHING THE Fox CANYON AQUIFER., THAT ACREAGE INCLUDES AN
ADJUSTMENT FOR WATER REMOVED FROM THE SHALLOWER AQUIFERS IN THE MULTI-
ZONE WELLSs, ON THAT AGREAGE AN APPLICATION RATE OF 7145 FEET PER YEAR
WAS USED. THE CURRENT ANNUAL DRAFT ON THE Fox CANYON AQUIFER IS ESTIMATED
10 bE 26,000 ACRE~FEET PER YEAR, FAR [N EXCESS OF THE RECHARGE.
IN CALCULATING THE OVERDRAFT ON THE Fox CANYON AQUIFER, THE

FOLLOWING ASSUMPT|IONS HAVE DBEEN MADE:
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| (1) THERE IS NO OGVERDRAFT IN THE Fox CANYON AQUIFER IN THE
[ NORTHERN PART OF THE OXNARD PLAIN}
; "(2) OVERDRAFT IS RESTRICTED TO THE AREA SOUTH OF THE SPRINGVILLE

FauLT, INCLUDING ALL OF PLEASANT VALLEY, AND THE MUGU AREA}

(3) OVERDRAFT CGOMMENCED LONG PRIOR To 1948 nuT Loss oF FresH-

WATER STORAGE OY SEA-WATER INTRUSIOM STARTED I[N 191'1'8;

(4) IN PLEASANT VALLEY, CURRENT RECHARGE CoNSISTS oF (A) UNDER-
FLow FROM EasT Las P0sas~=3000 ACRE~FEET PER YEAR; (B) UNDER=
FLOW FROM THE NORTH ACROSS AND AROUND THE SPRINGVILLE FAULT=-
3000 ACRE~FEET PER YEAR}

B (5) PUMPAGE IN THE OVERDRAFT AREA (5 25,000 ACRE-FEET PER YEAR.

.
!
b
1

CURRENT ANNUAL OVERDRAFT ON THE Fox CANYON AQUIFER AMOUNTS TO
o acouT 19,000 ACRE-FEET PER YEAR. THE AMOUNT OF FRESH~WATER STORAGE

’ LOST TO SEA-WATER INTRUS!ON DURING THE 1948-59 rerioD aPproACHES 200,000
ACRE=-FEETs THIS REPRESENTS A MAXIMUM FIGURE DECAUSE THE OVERDRAFT HAS
NOT AVERAGED SO MUGH As 19,000 ACRE~FEET PER YEAR OVER THE 1948-59
PERJOD. WITH FAILING RECHARGE, AND IF THERE ARE INCREASING PUMPING

? DEMANDS IN THE FUTURE, THE ANNUAL OVERDRAFT WiLL INCREASE.

. THE TOTAL OVERDRAFT ON THE GOASTAL PLAIN AND IN THE ENTIRE
DisTricT amMounTs To 19,000 ACRE~FEET PER YEAR FOR THE Fox CANYON AQUIFER
PLus 12,900 ACRE~FEET PER YEAR FOR THE MounD BasiInN ano OxnarRD PLAIN,

} FOR A TOTAL AVERAGE ANNUAL OVERDRAFT OF 31,900 ACRE-FEET PER YEAR4

. V=13



CHAPTER V
SALT BALANCE

METHODS AND PROCEDURES

ALTHOUGH NOT ORIGINALLY PLANNED AS A PART OF THIS INVESTIGATION,
1T DECAME.INCREASINGLY APPARENT THAT A BETTER PICTURE OF WATER QUALITY
PROBLEMS WQULD OE OGTAINED IF, IN AODDITION TO THE OTHER WATER QUALITY
STUDIES, A COMPLETE SALT INVENTORY WERE MADE IN THE UPSTREAM DAS|NS.
ACCORDINGLY, DETAILED SALT-BALANCE CALCULATIONS WERE MADE FOR THE BASE
per1oD 1936-57 FoOR THE PIRU, FILLMORE, AND SANTA PautLa Basins. THis
INVOLVED ESTIMATING ALL THE SALTS WHICH ARE BROUGHT INTO EACH DBASIN AND
ALL THE SALTS WHICH ARE REMOVED. MOST OF THE SALTS ARE CARRIED IN SOLUTION
AND IT WAS NECESSARY TO DETERMINE REPRESENTATIVE éALT CONTENTS FOR THE
VARIOUS ITEMS IN THE GROUND WATER INVENTORY. USING THE CHEMICAL ANALYSES
AVAILADLE FOR THE SURFACE FLOWS OF THE SANTA CLara RIVER AT Brue CuT,

AND ENTERING FLOWS OF Firu, Sesre, anND SanNnTA Pauta 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 I[TEMS, AND AVERAGE SALINITIES WERE DETERMINED FROM THE
AVAILADLE SURFACE WATER AND GROUND WATER ANALYSES, MOST OF WHICH WERE
RECENTLY PUOLISHED AS THE APPENDICES TO CALIFORNIA DEPARTMENT OF WATER
RESOURGEs BurLeTin No. 75 (Rer. 18).

QIL-FIELD OPERATIONS ARE CONDUCTED IN THE TRIDUTARY DRAINAGES
oF Piru, FiLLMORE, AND SanTA PaAauLA BASINS. ALMOST ALL OF THE O!L WELLS
PRODUCE WITH THE OIlL SOME HIGHLY MINERALIZED WATER. RECORDING OF ZRINE
PRODUCTION 8 REQUIRED BY LAW, AND THESE RECORDS ARE CCMPILED AND PUDLISHED
ANNUALLY BY THE CapriFornta Division oF Oit anp Gas. NUMEROUS SAMPLES OF
OIL=F|ELD BRINES IN THE DISTRICT WERE COLLECTED oY THE CALIFoRNIA Division
0F WATER RESOURCES DURING THE EARLY 1950's |N SURVEYS MADE FOR REGI ONAL
WATER PoLLuTioN ConTrROL Boaro No. 4 (RerFs. 12, 14)., THE OIL=FIELD WATERS
PRODUCED NORTH OF THE SanTa CLarAa RIVER RANGE FROM THE THRESHOLC OF
USABILITY TO MORE THAN 13,000 PARTS PER MILLION TOTAL DISSOLVED SOLIDS.,
THESE ARE MOSTLY SODIUM BICARDONATE WATERS, ALTHOUGH A FEW ARE OF A
SODIUM CHLORIDE CHARACTER. SOME OF THE SOUTH-SIDE 3RINES ARE MUGCH MORE

HIGHLY MINERAL}ZED, AND MANY sHOwW (DS oF MoRe THaN 30,000 eppMm. O1L
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PRODUCTION IS FROM A CONSIDERABLE VERTICAL INTERVAL, FROM FORMATIONS DBOTH

ABOVE AND DELOW THE OaK RiDGE FauLT. THE BRINES SHOW A VARIETY OF CHEMICAL

~cHArAaGTERS: (1) soptum-caLclum cHLORIDE; (2) sooium cHLerroE; (3) sopium

SULFATE-CHLORIDE; (4) sopiuM suLFaTE; AND (5) SODIUM DICARBONATE.
THE SALTS CONTRIDUTED OY OiL-FIELD BRINES TO THE FRESH GROUND

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

FOLLOWING:

(1) PROPORTIONING THE DBRINE PRODUCTION WITHIN EACH OIL FIELD TO THE
SMALLER DRAINAGE AREASy SO THAT THESE COQULD BE FITTED INTO THE
AREAS TRIBUTARY TO EACH GROUND WATER DASIN;

(2) ESTIMATING THE VOLUMES THAT WERE NOT ALLOWED TO ENTER THE SANTA
CLara RIVER ALLUVIUM. THESE ORINES INCLUDED THOSE THAT WERE:
(A) PERCOLATED IN SUMPS OVERLYING PERMEADLE LAYERS WHIGH DIP
AWAY FROM THE RIVER;
EVAPORATED IN SUMPS ON IMPERMEADBLE MATERIALS}S
C) EXPORTED BY PIPELINES OR TRUCKS;
) INJECTED INTO DRINE 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
0F SALT.

CONTRIQUTIONS FROM DOMESTIC SEWAGE WERE ESTIMATED AS FOLLOWS:

(1) POPULATIONS FOR EAGH GROUND WATER DASIN WERE ESTIMATED FOR EACH
YEAR OF THE 1936-57 PERIOD USING DATA AND ESTIMATES PRESENTED IN
THE RECENT STUDY GY THE PLANNING RESearcH CorroraTlion (REF. 55);

(2) SEWAGE VOLUME WAS TAKEN AS 63 GALLONS “PER CAPITA PER DAY. THIS
FIGURE WAS DERIVED FROM DETAILED STUDIES DY THE STATE WATER RIGHTS
BoarRp IN San FeErNaNDO -VALLEY IN EaRLY 1959, I|T CORRESPONDS
FAIRLY CLOSELY WI!TH THE PER-CAPITA FIGURE INDICATED BY THE FLOW
AT THE CiTYy OF SanTa PAULA SEWAGE TREATMENT PLANT.

(3) DOMESTIC USES WERE CONSIDERED TO INCREASE THE TDS OF THE DELIVERED
DOMESTIC WATER BY 300 pPM, THIS 1S THE MAXIMUM FIGURE GIVEN BY
THE CaLIFORNIA STaTe Water PorruTtion ConTroL Boaro (Rer, 22).
WITH ALLOWANGES MADE FOR THE DISCHARGE OF INDUSTRIAL WASTES, THE
CHEMICAL ANALYSES oF THE Ci1TY oF SanTa PAULA SEWAGE EFFLUENT

INDICATE A DOMESTIC SALT PICK=~UP WHICH S WELL WITHIN THE 300 PPM.

(4) By APPLYING SALT PICK~UP TO PER-CAPITA FLOW FIGURES, [T WOULD
APPEAR THAT THE PER—-CAPITA CONTRIDUTION OF SALT TO THE GROUND
WATER BASINS IN DOMESTIC SEWAGE IS A MAX{MuM oF 60 POuNDS PER
YEAR, OR 0,03 TONS PER YEAR.
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FOR THE SEWAGE TREATMENT PLANTS AT FiLiMORE, SANTA Pauta, AND
SaTicoy, THE ReclonaL WATER ForLiruTion ConNTROL BOARD HAS PRESCRIBED THE

FOLLOWING LIMITS FOﬁ EFFLUENTS S

CONSTITUENT Maximum LimiT

TOTAL DISSOLVED SOLIDS « o« « o« o o o« 2000 PepmM

CHLORIDE o 4 o « 8 o » o s s o s o a 175 pemM
BORON ¢ v 4 ¢ o o o o o o o o o o & 1.5 pPM
SODIUM EQUIVALENT RATIO o o o o o 0%

THE EFFLUENTS FROM ALL THREE PLANTS HAVE EXPERIENCED DIFFICULTIES IN
MEETING ONE OR MORE OF THESE LIMITS. AT SanTa PauLa, INDUSTRIAL WASTES
HAVE HERETOFORE DEEN DISCHARGED INTO THE CITY SEWER SYSTEM. /A DISCONTINUANGE
OF THESE DISCHARGES HAS DEEN ORDERED, WHICH SHOULD RESULT IN AN AGCCEPTABLE
EFFLUENT, A MORE SERIOUS INDUSTRIAL WASTE PROGLEM EXISTS [N THE SaTiCoOY
SYSTEM, BUT ONLY A MINOR ONE AT FlLLMORE. BoTH SaTicoy anND FILLMORE May
CONTINUE TO EXPERIENCE DIFFICULT!ES IN MEETING THE EFFLUENT STANDARDS
BECAUSE THE DELIVERED DOMESTIC WATER IS SO HIGH IN TOTAL DISSOLVED SOLIDS.
INDUSTRIAL WASTES (OTHER THAN OIL=FIELD BRINES) CISCHARGED I[N
THE PIRU, FiLLMORE, aND SaNTA PaurLa Basins ARE mainLy (1) wASH AND RINSE
WATERS FROM CITRUS PACKING PLANTS, AND (2) REGENERATION CRINES FROM WATER
SOFTENERS. BOTH TYPES OF WASTES HAVE DEEN THE SUBJECT OF RECENT INVESTIGA=~
TioNs By THE ReEacioNaL WATER PoLLuTion ConTroL Boaro (Rers, 13, 15, 20).
A COMPREHENSIVE REPGRT ON THE PACKING PLANT WASTES WAS AUTHORIZED BY THE
WaTER PorLtuTtionNn CommMITTEE oF THE VENTURA CounTy CiTRUS PACKING ASSOGIATIONS,
AND PREPARED BY L. T. SHARP OF THE FRUIT GrROwERS LaboraTory (REF. 32). IN
THAT REPORT ARE TO BE FGUND EXCELLENT DATA ON THE FLOW VOLUME AND CHEMICAL
QUALITY OF THE WASTES UISCHARGED BY ALL THE CITRUS PACKING PLANTS IN
VenTura CounNTYy. MucH HAS BEEN DONE TOWARD ALLEVIATING THIS SOURCE OF
GROUND WATER POLLUTION BY (1) MODIFYING WASHING AND RINSING PROCESSES TO
PRODUCE A LESS OBJEGTIONABLE EFFLUENT; (2) USING UNSOFTENED WATER} AND
(3) TRUGKING AWAY SALINE WASTES.
WATER SOFTENER REGENERATION DRINES ARE AN ESPECIALLY SERIOUS
PRODLEM DECAUSE OF EXTREME SALINITY ~— SOMETIMES REAGHING MORE THAN
300,000 pPM. SUCH DRINES ARE DERJVED FROM DOMESTIC WATER SOFTENERS, AND
FROM MANY INDUSTRIES WHERE A SOFTENED WATER |S REQUIRED. THE CITY oF

SANTA PAULA HAS RECENTLY PASSED AN ORDINANCE PROHIDITING THE INSTALLATION
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OF NEW OWNER-SERVICED WATER soETENERs, FROM WHICH THE REGENERATION BRINES
WOULD BE DISCHARGED TO THE CITY SEWER. ANY PERSON WHO WISHES TC START
USING SOFTENED WATER MUST SUBSCRIDE TO A COMMERC!AL SERVICE, WHICH WwILL
REGENERATE THE UNITS CENTRALLY, AND PRESUMADLY BE RESPONSIDLE FOR THE
PROPER DISPCSAL OF THE DBRINES,

FROM THE VERY GOOD AVAILADLE DATA, ESTIMATES OF SALT CONTRIDUTIONS
BY INDUSTRIAL WASTES WERE MADE FOR THE F1RU, FILLMORE, aAND SanTa Pauta
Basins.

SOME SALTS ARE IMPORTED TO THE BASINS AND SPREAD ON THE LAND AS
FERTILIZER. THESE WERE ESTIMATED TO BE ON THE ORDER oF 500 rouNnDs PER
ACRE PER YEAR. THIS ESTIMATE COULD BE REF|INED WITH A MORE DETAILED STUDY.
SOME SALTS ARE BOUND UP IN AGRICULTURAL PRODUCTS AND SHIPPED FROM THE
BASINS; THIS EXPORT wWAS ESTIMATED To BE 100 POUNDS PER ACRE PER YEAR. THE
DETERMINATION OF SALT CONTRIDUTIONS IN WATERS LEAKING FROM THE OLDER
Rocks oF QAk Rtpee AND SouTH MOUNTAIN IS VERY DIFFICULT TO ESTIMATE. THE
ESTIMATES GIVEN, WHICH ARE DELIEVED TO REPRESENT MAXIMUM VALUES, NECESSARILY
HAD TO OE BASED ON JUDGEMENT, TAKING INTO CONSIDERATION SUCH GEOLOGIG AND
HYDROLOGIC FAGTORS AS:

(1) THE PRODABLE AMOUNT OF RAINFALL PENETRATION ON OUTCROPS OF THE
OLDER ROCKS;
(2) THE PERMEABILITY CHARACTERISTICS OF THESE ROCKS;

(3) THE NUMDER AND FLOW VOLUME OF SPRINGS;

(4) THE LACK OF CHEMICAL DETER!IORATION OF GROUND WATERS DEFINITELY
ASCRIDABLE TC THESE SOQOURGCES.

RESULTS
A SUMMARY OF THE SALT=-DBALANCE CALCULATIONS 1S PRESENTED IN TABLE

V-1. AS SALT ACCUMULATION OR REMOVAL S A VERY SLOW PROCESS, AVERAGE
FIGURES OQOVER A REPRESENTATIVE PERIOD ARE MORE SIGNIFICANT THAN THQSE FOR
ANY SINGLE YEAR. HOWEVER, ADEQUATE ALLOWANCES SHOULD BE MADE FOR ANY
TRENDS [N THE LATER YEARS OF THE PERIOQD. THE SALT-DALANGE STUDIES JUSTIFY
THE FOLLOWING CONCLUSIONS:?

(1) EsseNTIALLY ALL THE SALTS DROUGHT INTO THE GROUND WATER BASINS ARE

TRANSPORTED Y NATURAL SURFACE FLOWS AND UNDERFLOW;S

(2) ALTHOUGH THE LOW SURFACE FLOWS MAY OE HIGHLY MINERALIZED, THE
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Tacre V-1, SUMMARY OF SALT~DBALANCE CALCULATIGNS
(AVERAGE TONS OF SALT PER YEAR)

Firu Friumore Santa Pauta

INCREMENTS BasiN Basin Basin
FLooD INFLOW 83,600 93,300 92,600
RISING WATER INFLOW  —ee——e— 21,100 53,800
UNDERFLOW IN 4L0Oo 25,800 '8,800
IMPORTED WATER 3,700 5,800 1,600
FERTILIZER 1,000 2,800 2,600
SEWAGE AND INDUSTRIAL WASTES 50 250 600
OIL—~FIELD DRINES 730 580 210
SOUTH SIDE LEAKAGE 200 200 200

TOTALS 89,680 149,830 160,410
DECREMENTS
FLooD ouTFLOW 39,500 77 +500 122,000
RISING WATER OQUTFLOW 21,100 53,800 20,200
UNDERFLOW OUT 25,800 8,800 3,500
EXPORTED WATER 5,800 1,600 950
AGRICULTURAL PRODUCTS 210 560 510

TOTALS 92,410 142,260 147,160



TOTAL TONNAGE OF SaALT OROUGHT IN DY THESE LOW FLOWS 1S VERY SMALL
COMPARED TO THE TONNAGE CONTRIBUTED BY THE LESS SALINE FLCOD FLOWS;

(3) THE MORE 0BVIOUS SOURCES OF POLLUTION SUCH AS DOMESTIC AND. MUNICIPAL
| SEWAGE, OIL-FIELD GRINES AND OTHER INDUSTRIAL WASTES CONTRIBUTE
LESS THAN ONE PER CENT OF THE SALT.
In THE PIRU BASIN, THE CALCULATIONS SUGGEST THAT MORE SALTS ARE DBEING REMOVED
THAN ARE BEING BROUGHT IN. HOWEVER, THE FJGURES (N TasLE V-1 MUST BE USED
WITH DISCRETION, AS THE PROBABLE ACCURACY 1S LESS THAN THE DIFFERENCE
BETWEEN THE SUMS OF THE [NCREMENTS AND DECREMENTS, THE CALCULATIONS IN
TasLeE V-1 REPRESENT ONLY ONE, AND NOT NECESSARILY CONCLUSIVE, APPROACH TO
THE PRODLEM OF SALT DBUILD=UP. ANOTHER LINE OF EVIDENCE SUGGESTS THAT THE
SALT BALANCE IN THE FiIRU BASiN 1S ADVERSE. MANY ANALYSES WERE MADE DURING
THE BULLETIN 46 sTupies IN THE PErRIOD 1928 To 1933. ANOTHER LARGE SERIES
WAS MADE DURING THE BULLETIN 12 STUDIES IN 1950 10 1952. COMPARISONS DBETWEEN
THESE TWO SUITES OF ANALYSES sHOwS THAT (1) AVERAGE GROUND WATER SALINITIES
HAVE INCREASED, ANO (2) SALINITIES N FOUR WELLS ANALYZED DURING OOTH PERIODS
HAVE INCREASED. WHEREAS THESE SALINITY TRENDS ARE PRODBADLY SIGNIFICANT,
THE MAGNITUDES OF THESE CHANGES CAN NOT DE CONVERTED INTO A MEANINGFUL
ANNUAL CHANGE. IN THE LIGHT OF THE TRENDS [N THE ANALYSES, IT WOULD BE
DIFFICULT TO CONCLUDE THAT THE Piru BASIN SALT DALANCE [S FAVORAOLE. [T
MIGHT BE SUGGESTED, THOUGH, FROM TABLE V-7, THAT THE PIRU BasiN HAS a
RELATIVELY DETTER SALT DALANCE THAN EITHER THE FILLMORE OR Santa Paura
BASINS,
THE ACTUAL DETERIQRATION OF WELL WATERS IS CNLY INCIDENTALLY
RELATED TO ADVERSE SALT DALANCE. A WELL WATER BECOMES POOR DECAUSE A
HIGHLY MINERALIZED WATER GETS INTO THE WELL. DETERIORATION OF WELL WATERS
HAS BEEN KNOWN TO OCCUR [N GROUND WATER OASINS WITH OVERALL EXCELLENT WATER
QUALITY AND FAVORADLE SALT BALANCE. JTHUS THERE ARE TWO DISTINGCT PROBLEMS
TO DE CONSIDERED: '
(1) THE OROAD PRODBLEM OF LONG-TERM SALT ACGCUMULATION WHICH DOES NOT

NECESSARILY INVOLVE WELL WATERS BECCMING UNUSADLE;

(2) THE PRODLEM OF THE SOURCE OR SOURCES OF HIGHLY MINERALIZED WATERS
WHICH CAUSE RELATIVELY RAPID DETERIORATION OF WELL WATERS.

IN TAoLE V=1, THE ITEMS OF LITTLE SIGNIF[CANCE FRCM THE STANDPOINT OF

SALT INVENTORIES MAY BE THE WORST OFFENDERS IN WELL-WATER DETERIORATIONGS
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THE SOURCES OF THESE HMIGHLY MINERALIZED WATERS IN THE FiRU, FILLMORE, AND
SanTa PauLa BasiNS ARE THE FOLLOWING:

(1) AGRICULTURAL RETURN WATER

(2) NATURAL LOW SURFACE FLOWS

(3) MUNICIPAL SEWAGE

(4) O1L-FiELD DRINES

(5) INDUSTRIAL WASTES

(6) NATURALLY SALINE GROUND WATERS

NATURALLY SALINE LOW SURFACE FLOWS HAVE DEFINITELY CAUSED SEVERE GROUND WATER
DETERIORATION IN THE PiRruU Basin JusT weEsT 0F BLUE CuT. THE HIGH SALINITIES
OF THESE LOW FLOWS MAY DE EXPLAINED BY THE SALT CONCENTRATION DUE TO
EVAPOTRANSPIRATION |N THE LARGE AREA OF PHREATOPHYTES JUST UPSTREAM FROM
BrLue CuT. SALINE LOW FLOWS MAY ALSO EXPLAIN THE POOR WELL WATERS NEAR THE
MOUTH OF WHEELER CANYON IN THE SanTa Pauta BasinN. ELSEWHERE THE RELAT!ION=-
SHIPS ARE DIFFICULT TO DEMONSTRATE CHEMICALLY, MUNICIPAL SEWAGE HAS
DETERIORATED WELL WATERS IN THE SANTA FPauLa BASiIN, ALTHOUGH THE POLLUTANTS
ARE PROBADBLY TRACEADLE TO INDUSTR}AL WASTES DISCHARGED TO THE SEwsﬁs.

AN INDEPENDENT DISCHARGE OF INDUSTRIAL WASTES MAY HAVE POLLUTED ONE WELL

IN THE SanNTa PaurLa BasiN. ALTHOUGH IN THE PAST THERE HAS OEEN INDI(SCRIMINATE
DISCHARGE OF OIL~=F!IELD DRINES [NTO ALL THREE DBASINS, NO WELL WAS FOUND

WHERE THE DETERIORATION WAS DIRECTLY ATTRIDBUTABLE TO THESE WASTES.

BY FAR THE MOST ABUNDANT SOURCE OF POOR QUALITY WATER IS
IRRIGATION RETURN. DoNeEen (ReEF. 27) woRKING IN VENTURA COUNTY FGUND THAT
AT FIELD CAPACITY THE AVERAGE SOIL SOLUTION HAD A SALINITY 2.6 TIMES THAT
OF THE APPLIED [RRIGATION WATERS. NEAR THE PERMANENT WILTING PERCENTAGE
THIS AVERAGE JUMPS TO 5 TIMES THE SALINITY OF THE IRRIGATION WATERS. THE
SOURCE OF THE SALT |S APPLIED WATER AND FERTIL!IZERS. OF THE TwO, THE
SALTS DERIVED FROM THE APPLIED WATER ARE MUGCH THE GREATER. THE WORK OF
KeLLey, Laurance, ano CHwarman (Rer. 44) ouring THE Periop 1935-45 InpicaTED
FOR SEVERAL VENTURA COUNTY STATIONS THAT THERE WAS NO SALT AGCUMULATION
iN THE SOILS. ALTHOUGH THIS MAY BE GENERALLY TRUE, THERE IS SOME EVIDENCE
TO SUGGEST THAT DBORON IS BEING TEMPORARILY DETAINED IN THE SOIL OF SOME
AREAS OF THE DIsTRICT. |F SALTS ARE NOT ACCUMULATING IN THE SO0ILS, THEN
IN THE UPSTREAM DASINS THEY ARE DBEING CARRIED DOWNWARD.,

THE CHEMICAL QUALITY OF IRRIGATION RETURN WATERS {5 GENERALLY

POOR EVERYWHERE,; AND IN THE DiSTRICT SOME INDICATION GOF THE CHEMICAL NATURE
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OF THESE WATERS MAY DE OCTAINED FROM THE DRAIN WATERS ON THE OXNARD PLAIN
(TaoLe 111-9). ASSUMING AN IRRIGATICN EFFICIENCY OF 50 PER CENT, THEN

ONE ACRE=~FOOT OF APPLIED WATER |S CONCENTRATED DY EVAPOTRANSPIRATIVE
PROCESSES [NTO ¥ ACRE=-FOOT OF WATER WITH TWICE THE SALINITY. IN CONSIDERING
THAT MOST IRRIGATION WATERS IN THE UPSTREAM BASINS Have TDS oF asouT 1000
PPM, THE RESULTING WATER WILL GCONTAIN a00ouT 2000 FpPpM. MOST (RRIGATION
RETURN WATERS WOULD PRODBADLY BE MORE SALINE THAN THIS. AssuMiNg 50 PER CENT
IRRIGATION EFFIGIENCY, THE PER-ACRE PROGDUCTION 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 WATERS 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 I6 GIVEN IN TADLE V-2, THESE FIGURES GIVE,

AT LEAST, AN ORDER-OF-MAGN!TUDE [NDICATI{ON OF THE VOLUME OF THE HIGHER
SALINITY WATERS INVOLVED IN anxeATlo& RETURN., UNDER THE ASSUMPTIONS USED
tn Tapie V-2, apout 17,000 ACRE~FEET PER YEAR OF RETURN WATER IS PRODUCED.
THis COMPARES WITH ABOUT 1100 ACRE-FEET OF SEWAGE FLOW AT THE CiT!ES OF
FiLLMorE AND SanTa PAULA IN 1958. EXPORTATIGN OF THIS MUNIGIPAL SEWAGE
(INCLUDING INDUSTRIAL WASTES OTHER THAN OIL-FIELD DRINES) WILL REMOVE ABOUT
0,5 PER CENT OF THE AVERAGE ANNUAL SALT CONTRIDUTION TO THE FiLLMORE 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 DBE SUFFICIENT

TO INSURE A FAVORADLE SALT éALANCE. As EVAPOTRANSPIRATIVE CONCENTRATI!ON

IS THE CHIEF PRODUGCER OF SALINE WATERS, IRR!GATION RETURN WATERS wOULD

HAVE TO BE EXPORTED IN LARGE VOLUME TO OVERCOME THE ADVERSE SALT DALANCE.
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TasLe V=2, ESTIMATES OF VOLUMES OF IRRIGATION RETURN WATERS (N
UPSTREAM DASINS ASSUMING 50 FPER CENT OF APPLIED
IRRIGATION WATER GOES TO CONSUMPTIVE USE.

Cons. UusSE FroLmoRre SanTa Pauta

aPpPLIED FirU Basin Basin Basin

_ WATER 1958 1958 1958
CROP FT/YR ACRES AF/vRr ACRES AF/vr ACRES AF/YR
ALFALFA 2.4 20 2k 143 172 190 228
PASTURE 2.4 30 36 207 248 183 220
WALNUTS B 1.6 72 58 198 12 740 592
DEctbuous T4 20 14 20 14 25 18
CiTRUS & AVOCADOS T.4 2990 2793 gL87 6641 6760 Lozp
TRUCK 1.2 - - 359 215 739 Luyz
TOTALS 2957 7644 6440
VOLUME OF MUNICIPAL SEWAGE —_—— 250 850

(acreE-FEET IN 1958)

AF/vr = ACRE-FEET PER YEAR



CHAPTER VI
A PLAN FOR GROUND WATER MANAGEMENT

INTRODUCT ION

THE OBJECTIVE OF THE PLAN IS TO PROVIDE A WORKABLE SOLUTION TO
THE DISTRICT'S GROUND WATER PROBLEMS. IN ADDITION, AN ATTEMPT 1S MADE TO
PROVIDE MAXIMUM FLEXIBILITY IN THE OPERATION OF EXISTING AND PLANNED
FACILITIES., As DISTRICT WATER SUPPLIES ARE NOT SUFFICIENT TO PROVIDE FOR
ULTIMATE WATER REQUIREMENTS, FULL RECOGNITION IS G|VEN 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 BALANCE IN FILLMORE AND SaANTA Paura Basins, anND TO
A LESSER EXTENT, (N PIRU Basin;

(3) HiGH 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, THIiS SUGGESTION IS JUSTIFIED. THE
AVERAGE OVERDRAFT IN THE OxNARD PrLain = Mounp BAsSIN AREA FOR THE
REPRESENTATIVE RAINFALL PERIOD 1936-57 wAS ESTIMATED TO BE 13,900 ACRE-
FEET PER YEAR. WITH THE COMPLETION OF THE Santa Fericita DaM - LOWER
RIVER SYSTEM B8Y THE DisTrRiCT IN 1955, THERE WAS MADE AVAILABLE TO THE
OXNARD PLAIN AN AVERAGE ANNUAL SuPPLY oF 20,200 ACRE~FEET, WHICH MORE THAN
OFFSETS THIS OVERDRAFT. THE LONG-TERM SIGNIFICANCE OF THE SEA-WATER
INTRUSION 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 SERIOQUSNESS OF THE ACTUAL INTRUSI!ON

WHICH 1S TAKING PLACE. As AVERAGE ANNUAL DEMAND PROGRESSIVELY [NCREASES,

.THERE WILL AGAIN BE OVERDRAFT, JUST AS THERE WAS PRIQR TO THE CONSTRUCTION

oF THE SanTa FeELicia DaM - LOWER RIVER SYSTEM FACILITIES.

THOUGH MUCH LESS AN IMMEDIATE PROBLEM, THE LARGEST GCURRENT
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TABLE VI-1. OVERDRAFTS ON THE .COASTAL PLAIN

AVERAGE

REA c T

ARE g URREN 1970 1980
OXNARD PLAIN - MOUND BASIN 13,900 NONE ! 11,8007 15,000

FOX CANYON AQUIFER IN 5 s
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 FELICtA DAM AND LOWER RIVER SYSTEM OPERATING AND SUPFPLYING AN
AVERAGE OF 8,300 ACRE-FEET PER YEAR TO PLEASANT VALLEY AREA.



OVERDRAFT 1S ON THE Fox CANYON AQUIFER IN PLEASANT VALLEY. THIS OVERDRAFT
WiLL BE EASED WITHIN THE NEXT TWO YEARS WHEN THE DiSTRIBUTION SYSTEM QF
THE PLeEasanT VaLLey CounTy WaTER DISTRICT I8 8UILT.. SCHEDULED DELIVERIES
FROM THE MonTALvO BasinN wiLL averRAGE 8,300 ACRE~FEET PER YEAR. AFTER
THIS INITIAL DECREASE, OVERDRAFT WILL AGAIN RISE,

THE EXISTING FACILITIES OF THE DISTRICT DO NOT SUPPLY ENOUGH
WATER fo OFFSET COMPLETELY THE CURRENT OVERDRAFT. THERE IS AN URGENT NEED
TO INCREASE SAFE Y{ELD BY SURFACE STORAGE ON Sespe CREEK.

ADVERSE SALT BALANCE

THE DETAILED SALT-BALANCE STUDY SUMMARIZED IN CHAPTER V sHOwWS
THAT SALTS ARE ACCUMULATING IN THE FILLMORE aND SanTa PauLa Basins anoD,
TO A LESSER EXTENT, (N THE PIRU Basin. As POINTED OUT, THE HIGHER
SALINITY WATERS ARE PRIMARILY |RRIGATION RETURN WATERS. [|F LARGE QUANTITIES
OF THESE WATERS COULD BE COLLECTED AND EXPORTED FROM THE BASINS, THE
ADVERSE SALT-BALANCE PROBLEM COULD BE SOLYED; HOWEVER, SUCH A COLLECTI{ON
SYSTEM WOULD BE {MPOSSIBLE. THE ONLY FEASIBLE WAY TO REMOVE ADDITIONAL
SALT FROM THE BASINS |S TO PUMP WATER, PREFERABLY FROM THE LOWER END OF
THE BASIN, AND EXPORT |T. THE OQVERALL OBJECTIVE IS 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 IS AWAY FROM THE STREAM CHANNEL TOWARD
BOTH SIDES OF THE BASIN. THE GROUND WATERS AWAY FROM THE STREAM TEND TO
BE PUSHED FARTHER AWAY FROM THE STREAM. THIS RESULTS [N A BYPASSING, BUT
NOT FLUSHING, OF WATERS WHI!CH LIKELY HAVE BEEN DETERIORATED BY [RRIGATION
RETURN. ACTUALLY THESE POOR QUALITY BYPASSED WATERS ARE MOVING DOWNSTREAM,
BUT VERY SLOWLY., PUMPING IN THE STREAM CHANNEL WILL INGREASE THE WATER=~
TABLE SLOPES AND ALLOW THESE WATERS TO MOVE GUT OF THEIR SEMI=TRAPPED
POSITIONS.

THE WATER PUMPED MUST BE EXPORTED., WATER PUMPED FROM THE LOWER
ENDS OF SanTa Pauta anp FilLLMORE BASINS WOULD HAVE TO BE CARRIED BY
PIPELINE AT LEAST AS FAR WEST AS SATICOY. |F PUMPING WERE COMMENCED SOON
THE wATER WOULD BE OF ACCEPTABLE QUALITY FOR I[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 SESPE CREEKS TO MAXLMIZE
SPREADING DIVERSIONS AT SATICOY REQUIRES THAT THE RELEASES BE AT A HIGH
RATE. IN A WET YEAR SUGH AS 1957-58 WATER LEVELS IN THE BASINS RISE
SHARPLY FROM PERCOLAT!ON OF UNCONTROLLED FLOOD FLOWS AND THERE 1S RISING
WATER AT THE LOWER ENDS OF THE BASINS. STREAMBED RESERVOIR RELEASES MAY
AGGRAVATE THE HIGH WATER-TABLE CONDITIONS THAT NORMALLY OCGUR IN THE
LOWER ENDS OF THE BASINS DURING WET YEARS. |F RELEASES COULD BE DELIVERED
THROUGH THE BASINS BY PIPELINE, THESE HIGH~WATER TABLE CONDITIONS, WITH

THE HELP OF THE SALT-BALANCE PUMPING, COULD BE RELIEVED CONSIDERABLY.
ELEMENTS OF THE PLAN

MAIN PIPELINE DOWN SANTA CLARA RIVER VALLEY

THIS PIPELINE WOULD PERMIT D!RECT DELIVERIES OF SanTta FELICIA
WATER TO MONTALVO BASIN SPREADING GROUNDS OR TO DOMESTIC OR [RRIGATION
LineEs (PLaTE 33). CONSIDERATION SHOULD BE GIVEN TO MAKING THIS PIPELINE
OF SUFFICIENT SI|ZE FOR THE DELIVERY OF FEATHER RIVER WATER, IF ARRANGEMENTS
CAN BE MADE FOR DELIVERY OF THIS WATER T0 PIRu Lakeg. THOUGH NoOT
ESSENTIAL TO THE OPERATION OF THE PLAN, THE DELIVERY OF FEATHER RIVER WATER
To PiIRU LAKE WOULD GREATLY ENHANCE ITS FLEXIBILITYs 1O 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 DIiISTRICT POINT UP THE
NECESSITY FOR SURFACE STORAGE ON SeEsPE CREEK TO DEVELOP ADDITIONAL SAFE
YIELD AT REASONABLE COST. '
FEEDER FROM SESPE GORGE TO MAIN PIPELINE

RELEASES FROM SURFACE STORAGE ON SeEsPeE CREEK COULD BE DIVERTED

NEAR THE GAGIN

[0}

STATION

AND Hne
N ANG W

N ELIVERED THROUGH A BRANCH PI{PELINE TO THE
MAIN PIPELINE, THIS FEEDER WiLL PERMIT FILLMORE BAaSIN TO BE BYPASSED WITH
SesPe CREEK RELEASES, [F OPERATIONAL OBJEGTIVES DEEM THIS ADVISABLE.
WELLS AT LOWER END OF FILLMORE BASIN

WATER PUMPED TO IMPROVE SALT BALANCE IN THE FiLLMORE BasIN

COULD BE EXPORTED To MonTaALvo BASiN IN THE MAIN PJPELINE,. lF PUMPING WERE

COMMENCED SOON, THIS WATER WOULD BE OF ACCEPTABLE CHEMICAL QUALITY FOR
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PLATE 33

'UWCD  BOUNDARY
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USE ON THE OxXxNARD PLAIN AND IN PLEASANT VALLEY, ESPECIALLY FOR IRRIGATION
PURPOSES. BY BLENDING WiITH WATER FROM RESERVOIR RELEASES AND THE FEATHER
RIVER PROJECT A GOOD QUALITY MIXTURE COULD BE OBTAINED. WITH THE OPT!ON
OF BYPASSING RESERVOIR RELEASES,; AND WITH SALT-BALANGE PUMPING, A GOOD
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
SaNTaA PAULA BASIN COULD BE DELIVERED THROUGH THE MAIN PIPELINE TO THE
MonNTaLvO BasinNn. 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 TO0 THE OXNARD PLAIN A SOURCE OF SUPPLEMENTARY
WATER DURING THE PRESENT PROLONGED DROUGHT PERIOD AND BEYOND I|F NECESSARY,
IT 1S PROPOSED THAT WELLS BE DRILLED TO THE Fox CANYON AQUIFER IN THE
MonTaLvO Basin, THIS WATER CAN BE TRANSPORTED TO AREAS NEAR THE CoAST 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 RI0 SPREADING
GROUNDS |S CURRENTLY BEING SUPPLIED To THE CiTtes oF OxNaRD AND PORT
HQENEME, aNp To THE HueneEmE Navar Base. A BRANCH LINE |S PLANNED, TO
SERVE THE Mucu NavaL BaSE. WITHIN TWO YEARS THERE WILL BE D(STRIBUTION
FACILITIES IN THE PreasanT Vatbtey CounTy WATER DISTRICT; THIS AREA WILL
BE SERVED FROM THE MONTALVO BASIN THROUGH THE AGRICULTURAL LINE BUILT
By THE DistricT IN 1955, THe proroseDd Ocean ViEw WATER STorAGE DiIsTrRiOCT

IS EXPECTED TO PROVIDE DISTRIBUTION FACILITIES OVER ANOTHER LARGE AREA OF

THE COASTAL PLAIN, IN ADDITION TO THE CONSTRUGCTED AND PROPOSED DISTRIBUTION

FACILITIES, ADDITIONAL FACILITIES SHOULD BE BUILT TO SERVE THE REMAINING
COASTAL AREAS.

GROUND WATER MANAGEMENT

PIRU BASIN

In THE PiRU BAaSIN THERE APPEARS TO BE A RATHER SMALL ADVERSE
SALT BALANCE. THE RELATIVELY GOOD SALT-BALANCE CONDITION 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 PUMPING-NEAR THE
LOWER DASIN BOUNDARY TO IMPROVE SALT BALANCE MAY BE JUSTIFIED. SucH

PUMPING, COMBINED WITH BYPASSED RESERVO|IR RELEASES, WOULD HELP CONTROL HIGH

WATER=TABLE PROBLEMS.,

FILLMORE BASIN

THERE 1S A PRONOUNCED ADVERSE SALT DALANCE IN THE FILLMORE Basin.
ALTHOUGH WELL-WATER DETERIORATION [S RELATED PRIMARILY TO IRRIGATION RETURN
WATER, EXTENSIVE AREAS OF PHREATOPHYTES CONTRIGBUTE TO THE SALT AGCUMULATION
PROBLEM. LOCAL WELL-WATER DETERIORATION OCCURS [N A FEW PLAGCES IN THE
Sesre UpLAND, OVER MucH oF THE PoLe CREEK FAN, AND IN LARGE AREAS SOUTH
oF THE SanTa CLarRa RIVER. SALT~BALANCE PUMPING AND EXPORT THROUGH THE
MAIN FIPELINE SHOULD AVERAGE AT LEAST 6000 AGRE~FEET PER YEAR. A HIGHER
RATE OF PUMPING WIiLL PRODUCE AN ACCELERATED RATE OF IMPROVEMENT. A SERIOUS
PROBLEM IS BEING EXPERIENCED B8Y THE CITy oF FILLMORE, BOTH IN OBTAINING
DOMESTIC WATER OF GOOD QUALITY AND IN KEEPING THE EFFLUENT FROM THE NEW
MUNIC!IPAL SEWAGE TREATMENT PLANT WITHIN THE QUALITY LIMITS SPECIFIED BY
THE ReEGioNaL WATER PoLrution ConNTrROL Boarbe GOOD QUALITY WATER FROM THE
RESERVOIRS SHOULD BE MADE AVAILABLE TO THE CITY OF FILLMORE FROM THE MAIN
PIPELINE AND FROM THE SEspeE CREEK. FEEDER. JTHE RESERVO!R WATER SHOULD ALSO
BE MADE AVAILABLE TO ASSIST WITH THE SEVERE QUALITY PROBLEMS ON THE SOUTH
S{DE OF THE RIVER. HIGH WATER-TABLE PROBLEMS AT THE LOWER END OF THE
BASIN CAN BE CONTROLLED THROUGH THE BYPASSING OF RESERVOIR RELEASES COMBINED
WITH THE SALT=BALANCE PUMP:NG.

SANTA PAULA BASIN

THE SALT~BALANCE CALCULATIONS INDICATE THAT SALT ACCUMULATION I[N
THE SanTA Paura BASiN 1S EVEN MORE SERIOUS THAN IN THE FlLLMORE Basin.
SALT=BALANCE PUMPING AT THE LOWER END OF THE SANTA PauLa BASIN SHOULD AVERAGE
AT LEAST 9000 ACRE~FEET PER YEAR. A HIGHER RATE OF PUMPING WOULD ACCELERATE
THE IMPROVEMENT. [HIS WATER COULD BE PUT lNTO'THE MAIN PIPELINE AND
EXPORTED.

Ltke THE CiTy oF FILLMORE, THE CiTY 0oF SaAnNTA PAULA HAS BEEN
EXPERIENCING DIFFICULTIES WITH THE QUALITY OF DOMESTIGC WATERS, AND IN

MEETING SEWAGE EFFLUENT REQUIREMENTS. DIRECT RESERVOIR RELEASES IN THE
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MAIN PIPELINE COULD BE MADE AVAILABLE TO THE CiTY oF SaANTA PAULA JUST ABOVE
THE DELIVERY POINT OF THE FILLMORE BASIN SALT-BALANCE PUMPAGE. WATER
SHOULD ALSO DBE MADE AVAILABLE ALONG THE MAIN PIPELINE TO USE IN LOCAL

AREAS OF WELL=-WATER DETERIORATION.

MONTALVO BASIN

TaHe MonTALVO BASIN 1S THE CENTER OF THE GROUND WATER MANAGEMENT
PLAN. WATER DELIVERED FROM UPSTREAM THROUGH THE MAIN PIPELINE CAN BE
DIRECTED TO THE SATICOY OR EL R10 SPREADING GROUNDS, OR DELIVERED THROUGH
EXISTING, PROPOSED, AND RECOMMENDED MUNI|CIPAL AND AGRICULTURAL LINES. THE
ADDITIONAL SAFE YIELD FROM SURFAGCE STORAGE ON SESPE CREEK, AND THE
INCIDENTAL SAFE YIELD DERIVED FROM THE SALT-BALANCE PUMPING WOULD ALMOST
OFFSET ANTICIPATED OVERDRAFTS UNTIL THE ARRIVAL oF FEaTHER RIVER WATER.
THE ADDITIONAL WATER REQUIRED GOULD BE MET BY MODEST WITHDRAWALS 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 TiIMES. IN ADDIT!ON TO BLENDING, "sLuG~TYPE'" DELIVERIES COULD BE MADE.,
FOR EXAMPLE, UNBLENDED HIGH QUALITY RESERVOIR RELEASES COULD BE SPREAD AT
THE EL R0 SPREADING GROUNDS DURING LOW DEMAND PERIODS THEN PUMPED OUT
SEVERAL MONTHS LATER DY THE PRODUGCTION WELLS ON THE SOUTHWEST SIDE OF THE
SPREADING GROUNDS. THE BETTER QUALITY Fox CANYON WATERS COULD BE PUMPED

FOR DIRECT DELIVERIES OR FOR OLENDING PURPOSES.

MOUND BASIN

THE MouND BASIN OFFERS RELATIVELY FEW OPPORTUNITIES FOR D[REGCT
GROUND WATER MANAGEMENT. THERE 1S A MODERATE OVERDRAFT AT THE PRESENT TIME,
WITH ACCOMPANYING INTRUSION OF SEA WATER INTO THE SEAWARD EXTENSIONS OF THE
BasAL UPPER PLEISTOCENE AQUIFERS. WATER QUALITY AVERAGES SOMEWHAT POORER

THAN IN THE OTHER DISTRICT BASINS. As THE CiITYy OF VENTURA EXPANDS [INTO THE

MounD BasiN, IT IS EXPECTED THAT INCREASINGLY MORE WATER WiLL DE SUPPLIED
FROM CITY SOURCES AND DELIVERED TO THE NEWLY ANNEXED AREAS. BECAUSE OF THE
INFERIOR QUALITY OF THE WATER IN THE CITY OoF VENTURA'S DEACH WELLS, IT IS
ANTICIPATED THAT THE CiITY's DRAFT ON THE MOUND BASIN WILL DECREASE [N THE
NEAR FUTURE AS THE BETTER QUALITY GRAVITY WATER FROM CASITAS RESERVOIR 18
MADE AVAILABLE. THE suPPLIES FROM CASiTAS RESERVOIR ARE EXPECTED TO BE ADE-

QUATE UNTIL AFTER 1980, THERE 15 A HIGH PROBABILITY THAT THE MounD BASIN wiLL
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EXPERIENCE NO SUBSTANTIAL [NCREASE IN OVERDRAFT PRIOR To 1980. IF waTER
OF BETTER QUALITY WERE DESIRED IN PARTS OF THE MOUND BASIN, IT COULD BE

DELIVERED. . FROM THE MoNTALVO BASIN THROUGH EXISTING FPIPELINES OR NEW

DISTRIBUTION FACILITIES.

OXNARD AQUIFER

SEA-WATER INTRUSION INTO THE OXNARD AQUIFER NEAR PORT HueNEME
IS THE MOST SERIOUS GROUND WATER PROBLEM IN THE DisTRICT. THIS IS CAUSED
BY EXCESSIVE PUMPING DRAFT AND AGGRAVATED BY SUBNORMAL DROUGHT RECHARGE.
IT 1s 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. 10 AGHIEVE SUCH AN OBJECTIVE, SEVERAL PROCEDURES HAVE
BEEN CONSIDERED:
(1) INCREASING UNDERFLOW FROM THE MONTALVO Basing

(2) CREATION OF A FRESH-WATER BARRIER BY INJEGTION WELLS LANDWARD FROM
THE INTRUDED AREA;

(%) 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 MonNTaLvO Basin. THE
UNGOOPERATIVE GLIMATIC CYCLE HAS NOT PERMITTED THE DISTRICT TO OPERATE THE
‘SaNTA FELICIA-LOWER RIVER FACILITIES TO MAXIMUM ADVANTAGE. WITH A RETURN
TO WETTER CONDITI{ONS, LARGE SUPPLIES WILL BE AVAILABLE FOR SPREADING IN
THE MoNTALVO BASiN.

THE CREAT!ON OF A FRESH-WATER BARRIER BY A LINE OF INJECTION
WELLS SIMILAR TO THOSE IN THE WEsT Basin oF THE L0OS ANGELES COASTAL PLAIN
HAS BEEN CONSIDERED AS A MEANS OF CURBING SEA=-WATER INTRUSION AT PoRT
HUENEME. TO ENCIRCLE THE EXISTING SEA~WATER WEDGE WOULD REQUIRE A LINE
OF INJECTION WELLS ALMOST SIX MILES LONG. CAPITAL COSTS FOR THE WEST
BASIN PROJECT HAVE AMOUNTED To #186,000 Per MiLE. THE RECHARGE LIiNE AT
PorT HUENEME wouULD COST NEARLY $71,000,000. IN ADDITION TO THIS WOULD BE
THE COST OF WATER BROUGHT FROM INLAND AREAS FOR INJECTION. [T Is VERY
DOUBTFUL THAT THE COSTS OF SUCH A PROJECT COULD BE JUSTI!FIED,

THE MOST FEASIBLE MEANS OF ALLEVIATING TH!S BEA-WATER INTRUSION
IS BY A REDUCTION OF PUMPING IN THE COASTAL AREAS AND SUPPLYING THESE

DEMANDS BY WATER BROUGHT FROM {[NLAND. DISTRIBUTION LINES FROM THE EL Rlo
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SPREADING GROUNDS ARE CURRENTLY SUPPLYING WATER TO THE CITtES OF OXNARD
AND PorT HUENEME, AND To HueENEME NavaL Base. ANOTHER LINE IN THE PLANNING
STAGES WiILL SERVE THE Musu Naval Bast. JUST REGENTLY THE OGEAN View WaTER
STORAGE DISTRICT WAS ORGANIZED; T IS PLANNING A SERIES OF DISTRIBUTION

LINES OVER A LARGE COASTAL PORTION OF THE OXNARD AQUIFER. THE REMAINING
AREAS OVERLYING THE COASTAL PORTIONS OF THE OXNARD AQUIFER SHOULD BE
ENCOURAGED TO FORM ORGANIZATIONS FOR THE DISTRIBUTION OF WATER DELIVERED
FROM INLAND,

THE SOURGES OF INLAND WATER USED WHEN AVAILABLE ARE AS FOLLOWS:

{1) DIVERSIONS OF RISING WATER AT SATICOY;

(2) DIVERSIONS OF STREAMBED RELEASES FROM SANTA FELICIA Damy

(3) PuMPAGE FROM THE OXNARD AQUIFER IN THE MoNTALVO BASIN.
BECAUSE THESE SUPPL{ES MIGHT NOT ALWAYS BE AVAILABLE iN THE AMOUNTS NEEDED,
IT IS RECOMMENDED THAT WELLS BE DRILLED To THE Fox CANYON AQUIFER IN THE
MONTALVO BASIN TO PROVIDE A SUPPLEMENTARY SUPPLY, WHEN -RECOMMENDED
UPSTREAM FACILITIES ARE BUILT, THE ADDITIONAL WATER COULD BE SUPPLIED
THROUGH THE MAIN PIPELINE FROM Santa FerLicia Dam, Sesre CrREEK SURFACE
STORAGE, AND THE SALT-~BALANCE PUMPING,

CONSIDERATION HAS ALSO BEEN GIVEN TO THE POSSIBILITY OF MAKING
UNDERGROUND STORAGE AVAILABLE IN THE SEMI~PERCHED ZONE SO0 THAT ADDITIONAL
FLOOD WATERS COULD BE SPREADs [|HIS WOULD HAVE TO BE ACGOMPLISHED 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 [N AN EXPERJMENTAL PLANT DESIGNED TO CONVERT BRACKISH
WATER TO FRESH WATER. JHE AMOUNT OF WATER SUCH A PLANT COULD USE WOULD
NOT EQUAL THE AMOUNT DERIVED FROM IRRIGATION RETURN (EVEN AFTER AN

ALLOWANCE FOR THE DOWNWARD LEAKAGE TO THE OXNARD AQUIFER). JUSTIFYING

THE COSTS OF PUMPING AND EXPORTING, AND MAINTAINING AVAILABLE STORAGE
CAPAC[TY WOULD ALL BE DIFFICULT.
FOX CANYON AQUIFER

THE Fox CaNYON AQUIFER IS HEAVILY PUMPED IN PLEASANT VaLLEY.
CURRENT OVERDRAFT 1S ESTIMATED AS 19,000 ACRE~FEET PER YEAR. A PORTLON
OF THIS OVERDRAFT WILL SOON BE OFFSET BY DELIVERIES FROM THE MONTALVO
Bas!n To THE PreasanT VaLLeY CounTy WaATER DiISTRICT IN THE AVERAGE AMOUNT

oF 8300 ACRE~FEET PER YEARe. ALTHOUGH ON THE OXNARD PLAIN THE PUMPING FROM
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THE Fox CANYON AQUIFER HAS BEEN MINOR, THERE 1S LITTLE, IF ANY, UNUSED

SAFE YIELDe FURTHERMORE, UNLIKE THE OXNARD AQUIFER, THERE IS 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 PRAETICALLY VIEWED AS A VERY LARGE RESERVE

OF GROUND WATER. THE FRESH WATERFHN STORAGE IN THE FoxX CANYON . AQUIFER
BENEATH THE OxnarRD PLAIN, MONTALVY Basin, anD PLEASANT VALLEY |S ESTIMATED
AS 6 MILLION ACRE~FEET. ADD]TIONAL LARGE VOLUMES OF FRESH WATER ARE STORED
IN THE SUBSEA EXTENSIONS. A LARGE PERCENTAGE OF THIS WATER CAN BE
RECOVERED; IT {S ENTIRELY PRAGTICABLE AND FEASIBLE TO DO SO. FOR MANY YEARS
WATER HAS BEEN DRAWN FROM STORAGE IN THE Fox CANYON AQUIFER BY PUMPING IN
PLEasSANT VALLEY, AND NO Fox CANYON WELL HAS YET BEEN INTRUDED BY SEA WATER.
NEVERTHELESS, IN ALL PROBABILITY SEA-WATER INVASION HAS ALREADY STARTED

IN THE AQUIFER'S SUBSEA EXTENS!ONS,

!T Is RECOMMENDED THAT A SMALL PORTI!ON OF THE WATER STORED IN
THE Fox CANYON AQUIFER BE PUMPED TO HELP RELIEVE THE HEAVY DRAFT ON THE
OXNARD AQUIFERe 10 MINIM|ZE THE EFFECT OF THIS PUMPING'S CONTRIBUTION
TOWARD INDUCING SEA~WATER INTRUSION, THE WELLS SHOULD BE LOCATED FAR
INLAND=IN THE MoNTALVO BasiN. THE QUALITY OF THIS WATER WIiLL BE
APPREC]ABLY BETTER THAN MOST WATERS IN THE OXNARD AQUIFER. BY.DRAWING
MODESTLY ON THESE Fox CANYON RESERVES, SUPPLEMENTAL WATER CAN BE MADE
AVAILABLE FOR ALL USES ON THE COASTAL PLAIN OF THE DISTRICT UNTIL THE
ARRIVAL OF FEATHER RIVER WATER.

No RECOMMENDATION |S MADE THAT THESE RESERVES BE WITHDRAWN
INDISCRIMINATELY. THIS PUMPING CAN NOT SUBSTITUTE FOR WATER FROM SAFE
YIELD SCURCES., Evz?v EFFORT SHOULD BE MADE TO DEVELOP ALL ECONOMICALLY
FEASIBLE UPSTREAM sGRFACE STORAGE., EVENTUALLY, SUPPLEMENTAL SAFE YIELD
WATER WiLL BE REQU1§gD FROM THE FEATHER RIVER PROJEGCT. UNTIL THE ARRIVAL
oF FEATHER RivVER WArgR, AVAILABLE SAFE Y!ELD SUPPLIES SUPPLEMENTED BY A

MODEST DRAFT ON VERY LARGE RESERVES, COULD SUPPLY ALL DisTRICT NEEDS.
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APPENDICES

GLOSSARY

Acre-FooT. ONE ACRE-FOOT IS THE AMOUNT OF WATER REQUIRED TO GOVER 1

ACRE 1 FooT IN DEPTH = 43,560 cusic FeEeT = 325,851 gaLLons =
25,2083 MINER'S INCH DAYS. ONE ACRE-FOGT OF WATER WITH A TOTAL
DISSOLVED SOLIDS CONCENTRATION OF 735 PARTS PER MILLION CONTAINS

”

I TON OF DISSOLVED SALTS. ONE ACRE-FQOT OF 0OIL FIELD LIQUID =

7764 BARRELS, )

ALKALINE., WATER OR SOILS WHICH CONTAIN A SUFFICIENT AMOUNT OF ALKAL
suasTanceEs (saLTs oF SODIUM, POTASS!UM, MAGNESI|UM AND CALC!UM)
PRESENT TO RAISE THE pPH-vaLue asove 7.0,

OR TO BE HARMFUL TO THE
GROWTH QF CROPS.

ALLuviaL FaN. A BODY OF ALLUVIAL MATERIAL 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
WHICH THE TRIBUTARY EMERGES.,

RADIALLY OUTWARD FROM THE POINT AT

ALLUVIUM. STREAM DEPOSITS OF COMPARATIVELY RECENT GEOLOGIC TIME.

ANTIGCL INE. A FOLD OR ARCH OF ROCK STRATA DIPPING IN OPPOSITE DIRECT}ONS
FROM AN AXI[S.

AQUIFER. A GEOLOGIC FORMATION OR STRUCTURE THAT TRANSMITS WATER IN

SUFFICIENT QUANTITY TO SUPPLY PUMPING WELLS OR SPRINGS.

ARTESIAN HeEaD (PrREzssurRe). THE WATER LEVEL IN A WELL WHIGH TAPS A GONFINED
AQUIFER WILL EITHER STAND ABOVE THE WATER TABLE (POSITIVE ARTESIAM
HEAD) OR FALL DELOW THE WATER TAGLE (NEGATIVE ARTES!AN HEAD).

Ax1aL TrRACEs THE
SURFACE«

INTERSECTION OF THE AX}IAL PLANE OF A FOLD WITH THE GROUND’

Base PErR!OD. A PERIOD CHOSEN FOR DETAILED HYDROLOGI!C ANALYSIS BECAUSE
PREVAILING CONDITIONS OF WATER SUPPLY AND CLIMATE WERE APPROXIMATELY

EQUIVALENT TO MEAN CONDITIONS, AND DBECAUSE ADEQUATE DATA FCR SUCH
HYDROLOG|IC ANALYSIS WERE AVAILABLES,.

CONFINED AQUIFER. AN AQUIFER WHICH 1S SURROUNDED BY FORMATIONS OF LESS
PERMEABLE OR [MPERMEABLE MATERIAL., WATER |S UNDER SUFFICIENT HEAD

TO CAUSE IT TO RISE ABOVE THE ZONE OF SATURATION [F THE AQUIFER IS
PENETRATED '

ConsumeTiveE Use oF WaTER. WATER CONSUMED AND EVAPORATED BY V

v

EGETAT ! VE
GROWTH, SOIlL, WATER SURFACES, URBAN AND NONVEGETATIVE TYPES OF LAND
USE.

CoNNATE WATER. WATER ENTRAPPED IN THE INTERSTIGCES OF A SEDIMENTARY ROGK
AT THE TIME THE ROCK WAS DEPOSITED.,

CONTAMINATION, IMPAIRMENT OF THE QUALITY OF WATER BY SEWAGE OR INDUSTRIAL

WASTE TO A DEGREE WHICH CREATES A HAZARD TO PUBLIC HEALTH.



ConTiINENTAL DEPOSIT. SEDIMENTARY DEPOSITS LAID DOWN WITHIN 4 GENERAL
LAND AREA AND DEPOSITED [N LAKES OR STREAMS OR OY THE WIND.

CrR0osS—SECTION. A PROFILE PORTRAYING AN INTERPRETATION 0F A VERTICAL SECTION
OF THE EARTH EXPLORED BY GEOPHYS!CAL AND/QR GEOLOGIGCAL METHODS.

Cusic FeeT Per Seconp (Seconp FeeT). ONE cUBIG FOOT PER SECOND IS
EQUIVALENT To 448.83 caLLons PeR MINUTE, 50 MINERS INCHES (SOUTHERN
CaLiForniA), 1.983471 ACRE-FEET PER DAY, OR 723.97 ACRE-FEET PER YEAR.

Cusic Foor. ONE cuBic FooT conNTAains 7.4805 caLLowns.

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

DIASTROPHISM. THE PROCESSES BY WHICH THE CRUST OF THE EARTH IS DEFORMED,
PRODUCING MOUNTAINS, FLEXURES AND FOLDS OF STRATA, AND FAULTS.

Dir. THE ANGLE AT WHICH A STRATUM IS INCLINED FROM THE HORIZONTAL

DraG. MiNOR FOLDING OF STRATA ALONG THE WALLS OF A FAULT IN WHICH THE

"DrAG! OF DISPLACEMENT HAS PRODUCED FLEXURES IN THE BEDS ON EITHER
SIDE.

EFFECTIVE SALINITY. THE RESIDUAL EQUIVALENTS PER MiLLionN (OF CATiONS OR
ANIONS) WHIGH CANNOT BE BOUND UP (N THE SALTS OF CALCIUM CARBONATE,
MAGNES UM CARDONATE AND CALCiUM SULFATE.

EFFLUENT. SEWAGE, WATER, OR OTHER LIQUID, PARTIALLY OR COMPLETELY TREATED,

OR IN TS NATURAL STATE, FLOWING QUT OF A RESERVOIR, OR TREATMENT
PLANT, OR PART THEREOF.,

ELecTric Log. THE LOG OF A WELL OR BORE HOLE OBTAINED BY LOWERING
ELECTRODES IN THE HOLE AND MEASURING VARIOUS ELECTRICAL PROPERTIES
OF THE GEOLOGICAL FORMATIONS TRAVERSED.

EVAPOTRANSPIRATIONS. WATER WITHDRAWN FROM THE SCOIL BY EVAPORATION AND
PLANT TRANSPIRATION.

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

FauLT PLANE. THE SURFACE ALONG WHICH MOVEMENT HAS TAKEN PLACE.

FauLT ScarRP., THE CLIFF FORMED DY A FAULT. MOST FAULT SCARPS HAVE BEEN
MODIFIED BY EROSION SINCE THE FAULTING.

FauLT TrACE. 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, ETGC.

FauLT TROUGH. A RELATIVELY DEPRESSED FAULT BLOCK LYING BETWEEN TwO FAULTS

WiTH ROUGHLY PARALLEL STRIKES.

Fierp CapaciTy. 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 WEI[GHT
OF DRY SOiL.

FREe WATER TaABLE. 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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GravEL=-PackeED WELL, ARTIFICIAL ADDITION OF GRADED GRAVEL TO A WELL TO

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

HARDNESS. . A CHARACTERISTIC OF WATER, CHIEFLY DUE TO THE EXISTENCE THEREIN
OF THE CARBONATES 'AND SULFATES OF CALCIUM, [RON AND MAGNESIUM, WHICH
causes "curRDLiING'™ OF WATER WHEN SOAP IS USED, AN INCREASED GONSUMPTION
OF S0AP, THE DEPOSITION OF SCALE IN BOILERS, INJURIOUS EFFECTS IN

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

HEAD. THE DISTANGCE ABOVE OR BELOW THE LAND SURFACE, TO THE ELEVATION TO

WHICH THE WATER IN AN ARTES!AN AQUIFER OR GROUND WATER BASIN WOULD
RISE, AT A GIVEN POINT OVER THE AQUIFER OR BASIN,y IF FREE TO DO SO0.

Hyorautlc CONDUCTIVITY.
(sEe PERMEABILITY).

THE ABILITY OF A MATERIAL TO TRANSMIT WATER

Hyorauric CONTINUITY. AQUIFERS,

GROUND WATER BASINS, OR OTHER HYDRAULIC
SYSTEMS INTERCONNECTED

IN SUFFICIENT DEGREE TO ALLOW THE MOVEMENT OF
GROUND WATER TO OCCUR FROM ONE TO ANOTHER OR PARTS THEREQF.

HyprautL ¢ GRADIENT. A PROFILE SHOWING THE STATIC LEVEL OF WATER AT ALL
POINTS ON THE PROFILE. THE WATER TABLE REGISTERS THE HYDRAULIC

GRADIENTS OF FREE GROUND WATER, AND THE PIEZOMETRIC SURFACE THOSE OQOF
CONF INED WATER.

HYDROGRAPH. A GRAPHIC PLOT OF CHANGES

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

IMPERMEABLE

HAVING A TEXTURE THAT DOES NOT PERMIT WATER TO MOVE THROUGH

IT PERCEPTI!IBLY UNDER THE HEAD DIFFERENCES ORDINARILY FOUND
SURFACE WATER

IN SUB~

INCOMPETENT SEDIMENTS. MATERIAL WHICH LACKS SUFFICIENT FIRMNESS AND
FLEXIBILITY TO TRANSMIT PRESSURE FOR ANY DISTANCE.

INFILTRATION. J[|HE FLOW OF A FLUID
OPENINGS; IT CONNOTES FLOW
POROUS SUBSTANCE.

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

INITtAL FaLL SoiL MoisTURE DEFICIENCY. THE AMOUNT OF WATER REQUIRED TO
RESTORE THE SOIL TO FIELD CAPACITY AT THE START OF A RUNOFF YEAR
(OctoseER 1),

MINER'S INCH, ONE MINER'S INCH 15 EQUIVALENT To 1/50 0F A SECOND FOOT
OR APPROXIMATELY 9 GALLONS PER MINUTE. (SOUTHERN CALIFORNIA UNIT)

OVERDRAFT. THE EXTRACTION OF A QUANTITY OF WATER FROM A GROUND WATER
BASIN OR AQUIFER [N EXCESS OF THE SAFE YIELD, RESULTING IN A
DETRIMENTAL DEPLETION OF STORAGE IN THE BASIN.,

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

PERCOLATION, FLow 0F WATER THROUGH

INTERCONNECTED OPENINGS OF SATURATED

GRANULAR MATERIAL'UNDER HYDRAULIC GRADIENTS COMMONLY DEVELOPED UNDER=
GROUNDa
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PERMEABILITY, THE CAPACITY OF A WATER~BEARING MATERIAL TO TRANSMIT WATER.
THE PERMEABILI|TY COEFFICIENT IS THE NUMDER OF GALLONS OF WATER PER
DAY THAT 1S CONDUCTED LATERALLY THROUGH EACH MILE OF WATER~BEARING
BED FOR EACH FOOT OF THICKNESS OF THE BED AND FOR EACH FOOT PER MILE
OF HYDRAULIC GRADIENT.

PH. HYDROGEN—-ION CONGCENTRATION. REPRESENTS THE WE!GHT OF HYDROGEN [ONS
IN GRAMS PER LIJTER OF SOLUTION AND |S EXPRESSED AS THE NEGATIVE
LOGARITHM OF THE HYDROGEN JON CONCENTRATION.

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

PIEZOMETER. A SMALL DIAMETER PIPE OR CASING DRIVEN INTO THE GROUND FOR
MEASURING PRESSURE HEAD.

PlezoMETRIC SURFACE. THE SURFACE TO WHICH THE WATER FROM A G!VEN AQUIFER
WILL RISE UNDER ITS FULL HEAD.,

PLUNGE. VERTIGCAL ANGLE BETWEEN A HORIZONTAL PLANE AND THE MAXIMUM
ELONGATION OF THE STRUCTURE.

PoLLuT!iON, IMPAIRMENT OF THE QUALITY OF WATER BY SEWAGE OR [NDUSTRIAL
WASTE TO A DEGREE WHICH DOES NOT CREATE A HAZARD TO PUBLIC HEALTH,

BUT WHICH ADVERSELY AND UNREASONADBLY AFFECTS SUCH WATER FOR BENEF|CIAL
USE.

PorROSITY. THE PROPERTY OF A ROCK CONTAINING [INTERSTICES WITHOUT REGARD
TO SIZE, SHAPE, INTERCONNECTJON, OR ARRANGEMENT OF OPENINGS. I't 1s
EXPRESSED AS A PERCENTAGE OF TOTAL VOLUME OCCUPIED BY INTERSTI{CES,

PumMpPiNG TROUGH. AN IMAGINARY SURFACE INDICATING PRESSURE RELILEF CONDITIONS
IN A CONFINED " AQUIFER DUE TO PUMPING.

Reverse FauLT. A FAULT ALONG WHICH THE UPTHROWN BLOCK IS THRUST ON TOP OF
THE DOWNTHROWN BLOCK.

Risineg WATER., »GROUND WATER FORCED TO THE GROUND SURFACE BY A SUBSURFACE
BARRIER OR CONSTRIGCTION IN THE TRANSMITTING AQUIFER.

SAFE YIELD Maxi1MuM PERENNI AL RATE OF EXTRACTION OF AN AQUIFER OR GROUND
" WATER BASIN WITHOUT LOWERING THE WATER LEVELS SO FAR AS TO MAKE
PUMPING UNEGCONOMICAL, CAUSING A SERIOUS DETERIORATION OF WATER QUALITY,
OR INTERFERING UNREASONADBLY WITH EXISTING WATER RIGHTS.

SALINITY. CONCENTRATION OF DISSOLVED SALTS IN A SOLUTIiICN, USUALLY MEASURED
BY SPECIFIC ELECTRICAL CONDUCTANCES.

SEa-WATER WeDGE. WEDGE~-SHAPED CONF{GURATION 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 I[INTRUDING
INCREMENT OF SEA WATER.

SpeciFic CarPaCiTY. THE NUMBER OF GALLONS OF WATER PRODUCED BY A PUMPING

WELL PER FOOT OF DRAWDOWN,

SPECIFIC RETENTION. THE RATIO OF THE VOLUME OF WATER WHICH A ROCK OR SOIL

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



SpeciFic YIeLp. THE RATIO OF THE VOLUME OF WATER A SATURATED MATERIAL
WiLL YIELD BY GRAVITY TO [TS OWN VOLUME, AND IS COMMONLY EXPRESSED
AS A PERCENTAGE. GROUND WATER STORAGE CAPACITY IS ESTIMATED AS THE
PRODUCT OF THE SPECIFIC YIELD AND THE VOLUME OF MATERIAL IN THE
DEPTH INTERVALS CONSIDERED.

SollL SoLuTioN. WATER IN THE SOIL ZONE INCLUDING GRAVITY WATER AND SOIL
MO ISTURE.

STRIKE. THE COURSE OR BEARING OF THE OUTCROP OF AN INCLINED BEDO OR STRUCTURE

ON A LEVEL SURFACE.

Suo-ALLuviaL OQuTcRoP. TRUNCATED OLDER STRATA EXPOSED BY EROSION AND LATER
BURIED BY DEPOSITS OF ALLUVIUM.

SuBMARINE CaNYON. AN ELONGATED,y STEEP~WALLED CANYON RUNNING ACROSS OR

PARTIALLY ACROSS THE OFF=-SHORE SHELF, THE BOTTOM OF WHICH GRADES
CONTI{NUALLY SEAWARD. '

SuBMAR[INE QUTCROP. THE INTERSECTION OF A STRATUM WITH THE OCEAN FLOOR.

SYNCLINE. A FOLD IN ROCKS IN WHICH THE BEDS DIP INWARD FROM BOTH SI|DES
TOWARD THE AXIS.

THROWS THE VERTICAL COMPONENT OF DISPLAGCEMENT IN A FAULT.

THrRuST FauLT. A REVERSE FAULT THAT IS CHARACTERIZED BY A LOW ANGLE OF
INCLINATION WITH REFERENCE TO A HORIZONTAL PLANE.

TRANSMISSIBILITY, AN EXPRESS!ION OF HYDRAULIC PERMEABILITY OF A MATERIAL.
EXPRESSED AS THE RATE OF FLOW, IN GALLONS PER DAY, THROUGH EACH
VERTICAL STRIP OF THE AQUIFER 1 FOOT WIDE HAVING A HEIGHT EQUAL TO
THE THICKNESS OF THE AQUIFER AND UNDER A UNIT HYDRAULIC GRADIENT.

UNCONFORMITY. A SURFACE OF EROSION THAT SEPARATES YOUNGER DEPOSITS FROM
OLDER ROCKS.

WATER~LEVEL CONTOUR. A LINE OF EQUAL ELEVATION ON THE WATER-~TADLE SURFACE.

WaTER-TABLE RIDGE. A MOUND-SHAPED OR RIDGE~SHAPED ADDITION TO THE GROUND

WATER BODY BUILT UP BY I[INFLUENT SEEPAGE.

WaTeER YEar (RunoFF YEAR). A T12~MONTH PERIOD BEGINNING OCTOBER T AND

ENDING SEPTEMBER 30 OF THE FOLLOWING YEAR.



10

11,

12.

13.

Th.

BIBLIOGRAPHY

AGUIRRE, ET. AL. vs. FISH AND GAME COMMISSION OF THE STATE_QF
CALIFORNT A, ET. AL. = 1956 « APPELLANTS' OPENING BRIEF:
106 pe,

BAILEY, THOMAS L. -~ Octoser 1948 - UNDERGROUND WATER SUPPLY FOR
THE POINT MUGU NAVAL BASE, VENTURA COUNTY, CALIFORNIA:
REPORT TO NAVAL AIR MISSILE TEST CENTER, POINT MUGU, 8 rr.

BLANEY, H. F. anpo CRIDDLE, W. D. - 1950 ~ DETERMINING WATER REQUIRE~
MENTS IN IRRIGATED AREAS FROM CLIMATOLOGICAL AND IRRIGATION DATAj
U. S. DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE;
SCS~TP-06.

BUREAU OF RECLAMATION, UNITED STATES DEPARTMENT OF INTERIOR -~ 1955 =~
CALLEGUAS BASIN, CALIFORNIA: MEMORANDUM REPORT, 126 pr,

BUREAU OF RECLAMATION, UNITED STATES DEPARTMENT OF INTER{OR - 1958 -
CALLEGUAS PROJECT, CALIFORNIA,

BUREAU OF SOILS, U. S. DEPARTMENT OF AGRICULTURE -~ 1901 - SOIL SURVEY
OF THE VENTURA AREA, CALIFORN{A; REPORT OF FIELD OPERATIONS
OF THE BUREAU OF SOILS FOR 1901, Pr. 521=557.

BUREAU OF SOILS, UNITED STATES DEPARTMENT OF AGRICULTURE -~ 1920 -
SOIL SURVEY OF THE VENTURA AREA, CALIFORNIA; 87 erp.

CAL ENGINEERS = MAY 1958 - VENTURA COUNTY WASTE DISPOSAL STUDY;
REPORT TO VENTURA COUNTY DEPARTMENT OF PUBLIC WORKS, 109 epr.

CALIFORNIA STATE DEPARTMENT OF PUBLIC HEALTH - 1959 - SUMMARY REPORT
ON.VENTURA COUNTY WATER QUALITY STANDARDS STUDYs PRESENTED ¥0
STATE BOARD OF.PUBLIC HEALTH, IN LOS ANGELES, Jury 10, 1959.

CALIFORNIA DEPARTMENT OF PUBL!IC WORKS, DIVISION OF WATER RESOURCES -
1933 - VENTURA COUNTY INVESTIGATION: BULLETIN 46,

CALIFORNIA DEPARTMENT OF PUBLIC WORKS, DI!VIS|ON OF WATER RESQURCES -
1933 — BASIC DATA, VENTURA COUNTY INVESTIGATION; BULLETIN 46A,

CALIFORNIA DEPARTMENT OF PUBLIC WORKS, DIVISION OF WATER RESOURCES -
MAY 1952 - VENTURA COUNTY OiL WASTE INVESTIGATION: FIRST
PROGRESS REPORT TO LOS ANGELES REGIONAL WATER POLLUTION CONTROL
BOARD (NO. 4).

CALIFORNI/ DEPARTMENT OF PUBLIC WORKS, DIVISION OF WATER RESOURCES =~
JULY 1953 -~ WASTE DISCHARGE NO. 2 BY THE CULLIGAN WATER SERVICE,
EL R10, VENTURA COUNTY, CALIFORNIA; REPORT TO REGIONAL WATER
POLLUTION CONTROL BOARD (NO. &4),.

CALIFORNIA DEPARTMENT OF PUBLIC WORKS, DIVISION OF WATER RESOURCES -
JUNE 1954 - VENTURA COUNTY OIL WASTE INVESTIGATION: REPORT
PREPARED FOR CALIFORNIA STATE REGIONAL WATER POLLUTION CONTROL
BOARD (NO. 4), 89 Pr. aND APPENDICES.



15.

16.

17-

18.

19.

20.

21,

22,

23.

2k,

. 25.

26,

27.

28.

29.

CALIFORNIA DEPARTMENT OF PUBLIC WORKS, DIVISION OF WATER RESCURCES -
MAY 1955 -~ INVESTIGATION OF WASTE DISCHARGES FROM WATER
SOFTENING UNITS, LOS ANGELES REGION: REPORT TC LOS ANGELES
REGIONAL WATER POLLUTION CONTROL BOARD (NO. 4).

CALIFORNIA DEPARTMENT OF WATER RESOURCES - NOVEMBER 1958 ~ VIEWS AND
RECOMMENDATIONS OF THE STATE OF CALIFORNIA ON'A REPORT ON THE
PLEASANT VALLEY PROJECT, CALIFORNIA 12 pPr.

CALIFORNIA DEPARTMENT OF WATER RESOURCES ~. NOVEMBER 1958 - SEA-~WATER
INTRUSION IN CALIFORNIA; BULLETIN 63.

CALIFORNIA DEPARTMENT OF WATER RESOURCES - FEBRUARY 1959 - WATER
QUALITY AND WATER QUALITY PROBLEMS, VENTURA COUNTY: BULLETIN
75, 2 VoLs.

CALIFORNIA STATE REGIONAL WATER POLLUTION CONTROL BOARD (NO. 4) -
SEPTEMBER 1952 -~ SUMMARY OF ACTIONS TAKEN ON FIRST PROGRESS
REPORT ON VENTURA COUNTY OIL WASTE INVESTIGATION: EXECUTIVE
OFFICER'S REPORT TO REGIONAL WATER POLLUTION CONTROL BOARD.

CALIFORNIA STATE REGIONAL WATER POLLUTION CONTROL BOARD (NO. &) -
MARCH 1959 - SECOND PROGRESS REPORT ON POSSIBLE GROUND WATER
POLLUTION FROM THE CITRUS PACKING PLANTS IN VENTURA COUNTY,
CALIFORNIA, 28 pr.

CALIFORNIA STATE WATER POLLUTION CONTROL BOARD - 1952 -~ WATER QUALITY
CRITERIA: PUBLICATION NO, 3, 512 prr.

CALIFORNIA STATE WATER POLLUTION CONTROL BOARD - 1954 - WASTE WATER
RECLAMATION AND UTILIZATION: PUBLICATION NO. 9.

CALIFORNIA STATE WATER RESOURCES BOARD =~ 1953 -~ VENTURA COUNTY
INVESTIGATION: BULLETIN 12,

CALIFORNIA STATE WATER RIGHTS BOARD -~ 1958 ~ TRANSCRIPT OF HEARINGS
AND DECISION NO. D~884 WITH REGARD TO APPLICATIONS 12092, 15145
OF UNITED WATER CONSERVATIQON DISTRICT AND APPLICATIONS 13417,
13417A, AND 13418 OF CALLEGUAS MUNICIPAL WATER DISTRICT.

CONKLING, HAROLD - 1947 - WATER SUPPLY OF SANTA CLARA WATER CONSERVA-
TION DISTR!ICT, 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
RESQURCES BULLETIN NO. 75.

CROWELL, J. C. = JANUARY 1952 - SUBMARINE CANYONS BORDERING CENTRAL.
AND SQUTHERN CALIFORNIA: JOURNAL OF GEOLOGY, VoLe. 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.



30. FREEMAN, V. M. = 1936 - WATER SPREADING AS PRACTICED BY THE SANTA
CLARA WATER CONSERVATION DISTRICT, VENTURA COUNTY, CALIFORNIA:
TRANSACTIONS AMERICAN GEOPHYSICAL UNION, 17TH ANNUAL MEETING,
PART 11, pr. L465-471,

31,  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,

32, 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 rPra

33,  GREGOR, H. F. - 1952 - THE SOUTHERN CALIFORNIA: WATER PROBLEM IN THE
OXNARD AREA: GEOGRAPHICAL REVIEW, VoL, 42, No. 1, pp. 16-36.

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

35. HINDS, JULIAN ~ 1953 - [NVESTIGATIONS, PLANS AND ESTIMATES FOR A
SUPPLEMENTAL WATER SUPPLY FOR AGRICULTURAL, MUNICIPAL AND
INDUSTRIAL USES IN THE SANTA CLARA RIVER VALLEY AND VICINITY:
UNITED WATER CONSERVATION DI!STRICT REPORT.

36. HINDS, JULIAN - SEPTEMBER 1953 - REPORT OF [NVESTIGATION AND RECOM=~
MENDATIONS FOR ACQUISITION AND CONSTRUCTION OF A WATER CONSER~
VATION SYSTEM: REPORT TO BOARD OF DIRECTORS, UNITED WATER
CONSERVATION DISTRICT.

37 INMAN, D, L. = JULY 1950 - SUBMARINE TOPOGRAPHY AND SEDIMENTATION
IN THE VICINITY OF MUGU SUBMARINE CANYON, CALIFORNIA: U. S.
ARMY CORPS OF ENGINEERS, BEACH EROSION BOARD, TECHNICAL
MEMORANDUM NO. 19.

38. INMiAN, D. L. = 1950 - REPORT ON BEACH STUDY IN THE VICINITY OF MUGU
LAGOON, CALt{FORNIA: U. S. ARMY CORPS OF ENGINEERS, TECHNICAL
MEMORANDUM NO. 14, 47 pe.

39. ISHERWOOD, J. D. ano PILLSBURY, A. F. = 1958 - SHALLOW GROUND WATER
AND TILE DRAINAGE N THE OXNARD PLAIN: TRANSACT!IONS AMERI!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, Voir. 64, No. 7, JuLy, 1959, er. 857~
860,

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

41, KAPLOW, E. J. - 1948 ~ OXNARD OIL FIELD: CALIFORNIA STATE DIVISION
OF OIL AND GAS, SUMMARY OF OPERATIONS, Vor. 33, No. 2, pP. 16-20.

L2,  KAWANO, RAY Y. - JULY 1957 - CELERITY OF THE MOUND WAVE: RESEARCH
PAPER, 12 PP, - :

43, 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.



ik,

45-

L6,

L7.

48,

k9.

50,

51.

52.

53.

54,

55.

56.

57.

KELLY, W. P., LAURANCE, B. M. ano CHAPMAN, H. D. -~ JANUARY 1949 =
SOIL SALINITY IN RELATION TO IRRIGATION: HILGARD!A=-CALIFORNIA
AGRICULTURAL EXPERIMENT STATION, VorL. 18, No. 18.

KIMBLE, J. C. - 1936 - UNDERFLOW AT WHITTIER NARROWS, SAN GABRIEL
RIVER VALLEY, LOS ANGELES COUNTY, CALIFORNIA&: TRANSACTIONS
AMERICAN GEOPHYSICAL UNION, pPr. 521-525,

LONG, N. S. ~ 1953 -~ HYDROLOGIC EFFECTS OF PUMPING THE OXNARD CITY
WATER SUPPLY FROM SANTA PAULA BASIN: REPORT TO CHIEF ENGINEER,
UNITED WATER CONSERVATION DISTRICT.

LOS ANGELES COUNTY FLOOD CONTROL DISTRICT - MARCH 1957 - INVESTIGA-
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 ENG!NEERINGlFEATURES OF RECLAIMING
WATER FROM DOMESTIC SEWAGE [N THE MONTALVO BASINj REPORT TO
SANTA CLARA WATER CONSERVATION DISTRICT DATED AUGUST 6, 1949.

MANN, JOHN F., JR. = 1952 - OVERDRAFT ON THE DEEP AQU!FER IN PLEASANT
VALLEY AND POSSIBILITIES OF RECHARGE BY SPREADING: REPORT TO
- BOARD OF DIRECTORS, UNITED WATER CONSERVAT!ON DISTRICT.

MANN, JOHN F., JR. = JANUARY 1954 -~ LOCATION OF NEW SPREADING GROUNDS
[N THE MONTALVO BASIN: REPORT TO BOARD OF DIRECTORS, UNITED
WATER CONSERVATION DISTRICT, 9 rP.

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 PP

OLIVER, GRAYDON - NOVEMBER 1949 - WATER INVESTIGATION INCIDENTAL
TO WATER WELL DRILLED BY UNITED STATES NAVY IN POINT MUGU AREA:
REPORT TO SANTA CLARA WATER CONSERVATION DISTRICT, 39 Pr.

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

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

POLAND, J. F., GARRETT, A. A., anD MANN, J. F. - AUGUST 1948 -
PROGRESS REPORT ON WATER SUPPLY FOR THE POINT MUGU NAVAL BASE,
VENTURA COUNTY, CALIFORNIA: U, S. GEOLOGICAL SURVEY REPORT
PREPARED FOR BUREAU OF YARDS & DOCKS, DEPARTMENT OF THE NAVY.

PRICE, WM. P., JR. = 1956 ~ SEA WATER INTRUSION INTO THE OXNARD

: AQUIFER IN THE VICINITY OF PORT HUENEME, CALIFORNIA; REPORT
BY UNITED WATER CONSERVATION DISTRICT TO COMMANDING OFFICER,
U. S. NAVAL CONSTRUCTION BATTALION CENTER, PORT HUENEME.
DATED NOVEMBER 14, 1956.



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

59. QUINTON ENGINEERS, LTD. - JUNE 1959 = LAND USE AND VALUATI-ON SURVEY
OF CALLEGUAS, LAS VIRGENES, OXNARD PLAIN AND SOUTH VENTURA LANDS,
62 PP. '

60, SCHIFF, LEONARD = MAY 1954 - SUITABILITY AND CHARACTERISTICS OF THE
PROFOSED EL RI0O SPREADING GROUND, VENTURA COUNTY, CALIFORNIA:
U, S. DEPARTMENT OF AGRICULTURE, SOIL AND WATER CONSERVATION
RESEARCH BRANCH.

61. SCHIFF, LEONARD - 1958 ~ MAINTENANCE~EL RIO 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 POTENT!AL IMPROVEMENT OF QUALITY BY DAM
STORAGE OF STORM WATERS.

64, SCIL 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 SOQUTHERN CALIFORNIA
WITH SPECIAL REFERENCE TO THE DROUGHT OF 1944-51: U. S,
GEOLOGICAL SURVEY, WATER SUPPLY PAPER 1366, prp. 92-103,

66. UNITED STATES SALINITY LABORATORY, UNITED STATES DEPARTMENT OF
AGRICULTURE ~ 1954 -~ DIAGNOSIS AND IMPROVEMENT OF ALKALINE
SOILS: AGRICULTURE HANDBOOK NO. 60, 160 pr.

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

68, WILDE, G. [. ano 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 TO BOARD OF SUPERVISORS,
VENTURA COUNTY FLOOD CONTROL DISTRICT, 46 re.





