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This report evaluates the quality of surface and ground
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WATER QUALITY MID WATER QUAI.ITY PROBLEMS
VEFPURA COUIfTY

CHAPTER I. I?]TRODUCTION

V/ater quality problems and their effects upon surface and ground

water supplies are of particular significance to Ventura County. Results of

a comprehensive investigation of historic and existing quality of surface and

ground water supplies, and the past and potential sources of degradation and

pollution are presented, in this report. In addition, there are presented the

results of studies respecting the effects of proposed plans of development

upon the quality of waters in Ventura County. Feasibility of the reclamation

of water from sewage and industrial waste to overcome existing water supply

deficiencies is also discussed.

This report on the quality of water supplements a prior county-wide

investigation of the water resources and water requirements in Ventura County

undertaken in 1951 as a cooperative study between the State of California and

the County of Ventura. Results of that investigation are published in State

Water Resources Board Bulletin Ko. 12, entitled "Ventura County Investigation",

fiated October, 1953-

Authorization

This investigation was conducted, and report prepared in accordance

irlth Sections 229 and 230, Chapter 2 of Division 1 of the Water Code. Section

229 13 quoted as follovrs

:

"229. The department, either independently or in cooperation with
any person or county, state, federal, or other agency, to the extent
that funds are allocated therefor, shall investigate conditions of the

quality of all waters within the State, including saline waters, coastal
and inland, as related to all sources of pollution of whatever nature

-1-



f.nd shall repoiot tlrereon to the liegiolatvxe and tc the appropriate regional
iretter polJ.utJ.oa control board 3innv.ally, and may recommend any steps which
mifstit be taken to iaqorovfe or protect the quality of such waters,"

Section 21^0 reads as fciloxfs:

"The dei..artment, either independently or in cooperation with any per-
son or any cointy, st.?.te, .fet'.eri-l, or ether agency^ to the extent funds are
allocated therefor, sti&ll conduct .-sur'/eys and investigations relating to
the re;lajjat;"on of vater XA-on serage c~ ii:dustrf.al wastes for beneficial
pv-x-poses, iiiciuding hvt xi-jt lisiited to, the determination of quantities of
S'jcb. irate:.' presently i/a/stecij, aal posBitilitiCE; of tise of such water for re-
chf.rge of u ^der^rouic-c 3to.'t.ge or i'or .^tijricultu.re or industrial uses; and
ahaill repoi"t to the LesialAture anr. the appropriate regional water pollution
control hoard thereoc annua.''J.y."

Stf-teaent of Problem

Water, in its eternal aovement fi-OM the noiantains to the ocean^

dissolves lainer&ls from the rocLs 2^id. soils with whr'.ch it comes in contact,

l^on the nature of the soils a-^d the awo'int of salts disso3.ved depends the

character and qxiaJ^ity of the nati-^'e vrater of an area. As the result of con-

suBiptive use of water by aj^ricultv-ral crops and nat:.ve vegetatiai, and waste

disposals of domestic And industrial crigin, the co.acentration of mineral

salts in water is increased and its quality deceriorates

.

In part;? of Ve:itura County, the 'unoeteriorated" water supplies,

both siirfp.ce and i?s the principeJ. 'rriter-benrin^ derjosits, contain relatively

high concentrations of total dissolved solids, sulfate, tots.l hardness, and

boron. Seepage of poor qua.\ity vix-.ters from oJ.der seBiipermeable formations,

oil brine disposal, citrus packing plant wastes, 8ind other wastes, have

contributed additional salts to the 'rater supplies. In the Oxnard Plain

Basin, progressive lo'rering of piezometric levels in the confined aquifers

to below sea level has restuted in sea-water intrusion.

-2-



Related Investigations and Reports

The following listed published and lonpublished reports were reviewed

during the investigation^ and certain information and data presented therein

were used in the preparation of this report. Reference is made to these re-

ports in the text by superscript figures in parentheses.

1. California State Department of Public Works^ Division of Water Resources.
"Ventura County Investigation", Biilletin No. k6. 1933.

2. California State Department of Public Works ;, Division of Water Resources.
"'^''entura County Investigation, Basic Data for the Period 1927 to
1932, Inclusive", Bulletin No. h6A.

3. State of California Department of Public Works, Division of Water Re-
sources, "First Progress Report of Ventvira Oil Waste Investiga-
tion". A report to Los Angeles Regional Water Pollution Control
Board (No. k) May, 1952.

4. California Stats Department of Public Works, Division of Water Resources.
"Ventura County Oil Waste Investigation". A report to Los Angeles
Regional Water Pollution Control Board (No. h) . June, 1954.

5. California State Department of Public Works, Division of Water Resources.
"Investigation of Waste Discharges from Water Softening Units,
Los Angeles Region". A report to Los Angeles Regional Water
Pollution Control Board (No. 4).

6. California State Department of Public Works, Division of Water Resources.
"First Progress Report of Investigation of Safe Dump Sites in
South Coastal Basin Within Los Angeles Region". A report to Los
Angeles RegionaJ. Water Pollution Control Board (No. 4). January,
1952.

7. California State Department of Public Health, Bureau of Sanitary Engi-
neering. "Region-Wide Sampling of Sewage T'reatment Plant
Effluents". A series of report.s to Los Angeles Regional Water
Pollution Control Board (No, 4). December, 1951; Jime, 1952;
Jferch, 1953; Jiine, 1953; February, 1954; and Jvily, 1954.

8. California State Water Pollution Control Board. "Water Quality
Criteria". SWPCB Publication No. 3. 1952.

9. California State Water Pollution Control Board. "Studies of Waste
Water Reclamation and Utilization". Publication No. 9. 1954.

•3-



10. California State Water Resources Boardo "Water Reso\irces of CaLlifornIa'

Bulletin No. 1. I95I.

11. California State Water Resources Board. "Ventura County Investigation".
Bulletin No. 12. October, 1953-

12. Eaton, F. M. "Boron in Soils and Irrigation Waters and its Effect on
Plants". United States Department of Agriculture Technical
Bulletin No. 448. February, 1935.

13. Freeman, V. M. "Preliminary Report on Cost of Reclaiming Water from
the Oxnard Domestic Sewer System". Santa Clara Water Consejrvation

District. September, 194-9.

14. Fruit Growers Laboratory, Inc. "Packing Plant Waste as 'Threatening

Pollutants of I^in Basin Waters". A report to Water Pollution
Committee of the Ventura County Citrus Packing Associations.
June, 1953-

15. Hill, Raymond A. "Salts in Irrigation Waters". Transactions of
American Society of Civil Engineers. 1942.

16. Los Angeles Regional Water Pollution Control Board (Wo, 4). "Report
on Survey of Waste Disposal Dumps in Ventura County". September,

1952.

17. Los Angeles Regional Water Pollution Control Board (No. 4), "Progress
Report on Possible Groiond Water Pollution from Waste V/ater Pro-
duced from the Citrus Packing Plants in Ventura County, California"
August, 1951.

18. Los Angeles Regional Water Pollution Control Board (No. 4). "Report
on Survey of Waste Disposal from Walnut Packing Houses in Los
Angeles and Ventura Counties". January, 1953-

19. United States Federal Security Agency, Public Health Service. "Public
Health Drinking Water Standards". 1946.

20. United States Department of Agriculture, Bureau of Soils. "Soil
Survey of the Ventui'a Area California". 1920.

21. United States Department of the Interior, Bureau of Reclamation.
"Ventura River Project, California, A Report on the Feasibility
of Water Supply Development". December, 1954.



Scope of Investigation and Report

Field and office work for this investigation was initiated in the

fall of 1951^ and continued into 1958 o In the course of the field investi-

gation,, available analyses of surface and ground waters were collected and

compiled. Additional samples of surface waters collected during varying con-

ditions and rates of flow, were analyzed in order to determine relationships

between quality and discharge. Sufficient wells were sampled to insure com-

prehensive areal water quality coverage of each of the ground water basins.

In certain areas, particularly in the vicinity of Port Kueneme, wells were

sampled periodically in an effort to determine quality trends.

In all, a total of 1,8U0 partial and 1,58^ Gom.plete analyses of

ground waters and ^39 partial and 566 complete analyses of surface waters

were mads. These analyses were made in the Department of V/ater Resources labora-

tories. In addition, in excess of 6OO complete mineral analyses of surface

and ground "water supplies, dating back to 192?^ were obtained from Fruit Grower';.

Laboratory Incorporated, United Water Conse2rvation District, Ventura Farm

(2)
Advisor, and Division of Water Resources Bulletin No. h6A

All available data concerning sources of deterioration of water

supplies were compiled. Available analyses of sewage were collected from

agencies disposing of wastes to the Pacific Ocean. Reports concerning pos-

sible pollution resulting from sewage and industrial waste discharges were

reviewed and pertinent data abstracted. A brief investigation was made to

ascertain the location of certain of the major waste discharges and conditions

of disposal. In some instances, studies were made to determine if discharges

were causing pollution or deterioration of surface or ground water supplies.

Pertinent reports respecting the reclamation of water from sewage

were reviewed. Studies were made to determine the quality, economic



feasibility, and poteij.tial sites for beneficial use of vster which could be reclaimed

from this soi.urce.

As previously stated, this report is a comparion investigarlon to Bxilletin

No. 12 of the State Wacer Resources Board. Therefore, the extensive studies of

geology and hydrology' which were prepared for and presented in xhat Bulletin, were

utilized in the preparation of this report. Also, information pertinent to the

interpretation of x/ater quality has been abstracted therefrom.-

Results of the investigation of wa';er quality and water quality problems

in Ventiira County are presented in this report in the ensuing eight chapters. Chap-

ter II contains inforr^e-t ion pertinent to this investigation which has been abstracted

from Bulletin No. 12. Chapter III, "Water llTcilization", cites the various beneficial

uses of water in Ventura County and presents data to indicate the magnitude of the

major uses. In Chapter lY, entitled ''Water Quality Criteria", there are presented

water quality criteria for each major prevailing beneficial use and a short dis-

cussion respecting each of the principal constituents foujid in water.

In Chapter V, entitled "Water Quality", there is presented a detailed

discussion of the historic and present quality of the ground and surface waters in

Ventura County as well as a discxission of the prospective quality of potential

soiorces of imported supplies.

In Chapter VI, entitled "Water Quality Problems", there is presented a

brief discussion of prevailing natural sources of deterioration in Ventura County

and discussion of deterioration as a result of development, including the effects

of industrial waste discharge.'., overdraft conditions, sewage disposals, and irriga-

tion return. In addition, aspects of basin salt balance under present conditions

are discussed. In Chapter VII, entitled "Reclamation of Water from Sewage", current

waxer reclamation projects are reviewed and the results of studies to determine the

feasibility of reclani8.tion of sewage presently disposed to the Pacific Ocean are

discussed.

r.

-6-
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In Chapter VIII, entitled "Water Quality Aspects of Water Resciurces

Development", the effects of several of the proposed plans for water supply

development in Ventura County are discussed. This includes proposals for

the further development of existing supplies and the estimated effect of the

importation of supplemental water from the Colorado River and from Northern

California on the quality of waters in Ventura County o Chapter IX,, entitled

"Conclusions and Recommendations", summarizes the conclusions presented in

the previous chapters and the actions recommended as a result of these stud-

ies of water quality and water quality prolslems in Ventijra County,

In addition to the text there are eight appendixes containing sup=

porting data. These data include mineral analyses of suarface and ground

waters, mineral and sanitary analyses of effluents from sewage treatment

plants, and a cross index of State well numbers to Ventora County well numto"

erso Also included is a paper "by DTo Lloyd Do Doneen, entitled "Evaluating

the Quality of Irrigation Water in Ventura Co^alty"o These appendixes are

hound separately in Volume II

»

Description of Area

Ventura County forms a part of the South Coastal Area of Califcmia.,

It is bounded "by Santa Barbara County on the west, Los Angeles County on the

east and south, Keam County on the north, and the Pacific Ocean en the south-

west as shown on Plate 1, "Area of Investigation". The area of the County,

excluding Anacapa and San Nicolas Islands, which axe a part of Ventura County,

is 1,857 square miles. The area of investigation includes all of the main-

land portion of Ventura Cacinty except the Ciiyama River watershed.

The County is characterized hy rugged mountainous terrain in

-7=



the northern portion and lower mountains and alluvial valleys in the central and

southern portion. Niimerous ridges in these mountains extend to elevations in

excess of 6,000 feet, attaining a maximum elevation of 8,826 feet at Mt. Pinos,

near the northern boundary of the County.

Drainage Systems '''

Ventura County is drained by four principal stream systems, formed by

the Ventura, Santa Clara, and Cuyaraa Rivers, and Calleguas Creek. With the ex-

ception of the Cuyama River, these streams discharge into the ocean along the

coastal front, forming the southwesterly boundary. The headwaters of the Cuyama

River rise in the northwesterly portion of the CoiHity and drain into the ocean

through the Santa fferia River. The Cuyama watershed and other minor areas in

the westerly, northerly, and southerly portion of the County which drain into

Santa Barbara, Kern, and Los Angeles Counties, except for that portion of the

l^libu Creek drainage area which lies within Ventura County, are not covered in

this report. In addition to the streams mentioned above, there are several

minor vratercourses and drainage channels which drain the southwesterly portion

of the County and discharge into the ocean.

Climate

The mediterranean type of climate, typical of the southern coastal

portion of California, prevails in Ventura Covmty, with proximity to the ocean

providing a moderating effect on climatic conditions throughout the developed

area. A long, dry, warm summer season is followed by a shorter wet winter

period accompanied by cooler temperatures. In excess of 80 per cent of the

mean seasonal precipitation occurs during the months of December through March.

Precipitation occurs generally in the form of rainfall, except in the mountain-

ous regions where there is some snov/fall in most years. Fog is prevalent along



the coast during portions of each yearo

Temperature extremes generally increase with elevation and distazice

from the coast. The mean annual temperattxre at Oxnard is somewhat less than

60 degrees Fahrenheit. The cities of Ojai, Vent-ura, Santa Paiila and Moorpark

have mean annual temperatures of 60 degrees or slightly above. The growizig

season is long and generally decreases with elevation and distance from the

coast. Killing frosts are rare on the coastal plain of the Santa Clara

River valley. Portions of this area are producing as many as three crops

per year.

Soils

In general, the soils in Vent'ora County may he divided into three

groups: (1) residual soilS;, which have been developed in place from the dis-

integration and weathering of consolidated rocks, both of sedimentary and

basic igneous origin; (2) old valley as.d coastal plain soils, which are derived

from elevated, "onconsolidated, water-laid deposits which have undergone marked

changes since their deposition; and (3) recent alluvial soils, which are

derived from sediments that have undergone little or no change since their

deposition. These soils have their origin in a variety of materials, includ-

ing shale, sandstoeae, conglomerate, basic igneous rocks, and old valley=fill

deposits.

Residual soils are identified with hill acd mountain areas and

comprise a relatively small area of the county. They are found principally

in the rolling hills and ridges at the perimeter of the interior valleys.

Soil textures vary from medium to heavy and soil depths are generally

shallow. Drainage is generally good, and moisture retention adequate, ex=

cept where underlying bedrock is near the surface.

Soils of old valley fill and coastal plain groups occur both on

hill and rolling lands, and on marine or stream terraces. These soils have
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medi-om texture, are friable, and are well suited to irrigated agriciilture. Sub-

soils are somewhat more compact and heaYier in texture, with local tendencies

to form a hardpaa. Siirface drainage is good but subsiirface drainage is, in some

cases, retarded by the hea-^/y compact natiire of the subsoil.

Topography, identified with the recent alluvial soils, is smooth and

gently sloping. The group covers nearly the entire coastal plain of the Santa

Clara River valley. Depth of soil is usually good, with tex-bures grading from

light to very heavy. The soils of this group have the common characteristic

of stratification in the subsoil. On alluvial fans^ both SLirface and internal

drainage is very good. However, in some of the lower valleys, where the soil

is quite heavy, drainage is poor, as in the southerly portion of the coastal

plain and extending northerly therefrom toward Camailllo, An extensive drain-

age sytem has been constructed in this area to alleviate this problem.

Population

The 1950 Federal census reported the population of Ventura County to

be 11^,6^4-7, as compared to the 19hO population of 69? 685, The increase during

this period was about 65 per cent of the 19ii-0 total o Estimates made by

Planning Research Corporation in-iicate that the total county population was

greater than l60,000 in 1957= The City of Oxnard, which ranked third in

population in 19i<-0, was first in I958, with a population of 21,567 and 34,326,

respectively, according to a I958 special census. The estimated 1957 population

of other incorporated cities in order of their magnitude was: Ventura, 28,300;

Santa Paula, 12,370j Filljnore, 4,810; Port Hueneme, 8,750; and Ojai., 4,06Q.
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Definitions

Terms, as used in this report, are defined as follows:

Aquifer - A formation or structure sufficiently permeable to yield

water to wells or springs.

Confined Ground Water = A body of ground water overlain by materials

siifficiently impervious to sever free hydraulic connection with overlying

water and moving under pressure caused by the elevation at the intake

area

.

Contamination - As defined in Section I3OO5 of the Water Code,

"Contamination means an impairment of the quality of the waters of the

State by sewage or industrial waste to a degree which creates an actual

hazard to public health through poisoning or through the spread of

disease. . ." J\irisdiction over matters regarding contamination rests

with the State Department of Health and local health officers.

Degradation - Any impairment in the quality of water due to causes

other than disposal of sewage and industrial waste.

Free or Unconfined Water - This generally refers to a body of

groiind water in the zone of saturation that is not confined beneath

an impervious formation.

Ground Water Overdraft - The quantity of ground water withdrawn

from a ground water basin in excess of safe ground water yield.

Native Water - This term, when used with respect to quality of

water, signifies the quality of the waters prior to the development

of the area by man. As a practical matter, however, it is us\ially
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used to signify tne quality found at the time of the first mineral analyses

of the water in areas where there are no evidences of pollution or deterioration

.

Pollution - As defined in Section I3OO5 of the Water Code, "Pollution

means an impairment of the quality of the waters of the State by sewage or

industrial waste to a degree which does not create an actual hazard to the

public health but which does adversely and unreasonably affect such waters

for domestic, industrial, agricultural, navigational, recreational or other

beneficial use ..." Regional water pollution control boards are respon-

sible for prevention and abatement of pollution as defined in this section.

However, the Attorney General has stated that the term "pollution"

as used in Section 229 of the Water Code, which relates to investigations

of water quality by the Department of Water Resources, is general in nature.

Thus, with respect to this study, it encompasses all types of water quality

deterioration, including sea-water intrusion and other types of degradation.

Quality of Water - This refers to those characteristics of water

affecting its suitability for beneficial uses.

Refuse - Combustible and/or noncombustible organic and/or inorganic

waste material (excepting sewage or industrial waste) originating in resi-

dential, commercial, or industrial areas.

Safe Ground Water Yield - The maximiim rate of extraction of water

from a ground water basin which, if continued over an indefinitely long

period of years, would result in maintenance of certain desirable fixed

conditions. Commonly, safe ground water yield is determined by one or more

of the following conditions:

1. Mean annual extraction of water from the ground water basin

-12-



does not exceed mean annual replenishment to the ground water body.

2. Water levels are not lowered so as to cause harmful

impairment of the qiiality of the ground water by intrusion of any

other water of undesirable quality, or by accxomulation and con-

centration of degradants or pollutants

.

3. Ground water levels are not so lowered as to imperil the

economy of ground water use by excessive costs of pumping from the

groiind water body, or by exclusion of users from that source of supply.

h. Prior rights of others in adjacent ground water basins

are not interfered with.

Semiperched Ground Water - A ground water body, usually un-

confined, lying above the main body of ground water and partially

separated therefrom by iinsaturated rock.

-13-



CHAPTER II. WATER SUPPLY
t.r

The quality of surface water is related to the geology of the tribu-

tary watershed and the frequency, intensity, and magnitude of precipitation.

Likewise ground water quality is related to the sources of recharge and the

geologic formations which form the ground water basins. This chapter presents

a summary of the geology and hydrology of Ventura County with emphasis on the

occurrence and movement of ground water in the principal ground water basins.-

Information set forth herein is based on detailed studies published in Bulletin

12 of the State Water Resources Board.

Surface Water Supplies

The principal sources of water supply to Ventura County are direct

precipitation on the valley floor and runoff from tributary drainage areas.

However, a small amount of water imported from Los Angeles County and rela-

tively minor quantities of water released from the Los Angeles aqueduct in

the upper reaches of the Santa Clara River watershed have contributed to

the supply. There is no record of export of water from Ventura County.

Precipitation .

Precipitation in Ventura County occurs primarily as rainfall, al-

though light snowfall is not uncommon in the higher mountains in the northern

portion of the County. The mean seasonal depth of precipitation varies from

about 32 inches in the Topatopa Mountains to about 12 inches in the vicinity

of Point .Mugu

.

Precipitation in the county exhibits extreme monthly and seasonal
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variation. The seasonal variation at Ojai, which is similar to the variation

at other stations within the county, is shown on Plate 3, entitled "Recorded

Seasonal Precipitation at Ojai". The apparent cyclic nature of the occurrence

of the precipitation at this station is shown on Plate k entitled, "Accumu-

lated Departure from Mean Seasonal Precipitation at Ojai". Approximately

Oo per cent of the seasonal precipitation occurs during the U-month period

December through March, although it is not unusual for one or more of these

months to be extremely dry in any given season.

Runoff

Runoff flowing in streams in Ventura County is derived primarily

from rainfall and exhibits similar monthly and seasonal variations. Absence

of snowpack in the tributary watersheds causes flow in all streams to diminish

rapidly at the conclusion of the winter precipitation season, although some

.'juinmer flow is m.aintained by springs in the upper reaches of the more productive

watersheds . Seasonal natural runoff in the principal streams of the county

has varied from a meiximum in excess of UOO per cent of the mean to a minimum

of less than 5 per cent. Following a severe storm, discharge in the larger

streams has been known to increase from practically no flow to a rate of

thousands of cubic feet per second in a few hours time. Seasonal variations

in the runoff of Sespe Creek near Fillmore are presented on L^late 5 entitled,

"Estimated Seasonal Natural Runoff of Sespe Creek near Fillmore", and the

cyclic nature of the occurrence of runoff at this station is shown on Plate

n entitled, "Accumulated Departure from Mean Seasonal Natural Runoff of

f;'espe Creek near Fillmore".
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Major drainage systems in Ventura County which are included in this

report are: Ventura River, Santa Clara River, and Calleguas Creek. In addition,

a portion of the lyb-libu Creek system lies within Ventura Covmty. Runoff in

each of these systems is briefly discussed "below. The locations of the various

streams in each of the drainage systems in Ventura County are delineated on

Plates 7A, B & C, entitled "Location of S\irface and Drainage Water Sampling

Stations".

Tributary runoff is disposed through percolation to ground water

storage in absorptive stream channels and artificial spreading grounds, evapo-

ration, cons\imptive use of native vegetation, diversions to meet the require-

ments of irrigated agriculture and urban development, and discharge to the

ocean.

Ventura River System . Ventura River, vmich originates in the Santa

Ynez and Topatopa Moiintains and drains an area of approximately 226 sqviare

miles, flows in a southerly direction discharging to the Pacific Ocean at

the City of Ventura. T"ne principal tributaries of Ventura River are

Ifetilija, Coyote, and San Antonio Greeks, and Canada Larga.

According to State Water Resources Board Bulletin No. 12^ , the

discharge at Station No. ^4-2-5 -7? Ventura River near Ventura, ranged from a

maximum of 256,000 acre-feet to a minimum of zero, averaging 59^00'-' acre-

feet, for the period 1936-37 tiirough I95O-5I. Average values of runoff in

the Ventura River and certain of its tributaries are presented in Table 1

entitled, "Maximum, Minimum and Average Measured and Estimated Seasonal

Runoff at Key Stream Gaging Stations in or near Ventura County, 1936-37

through 1950-51"- The location of eacn of these stations is delineated

on Plate 7A entitled "Location of Surface and Drainage Water Sang^ling

Stations, I958".
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TABLE 1

MAXIlvIUM, MINIMUM AND AVERAGE MEASURED AND ESTIMATED SEASONAL RUNOFF
AT KEY STREAI'i GAGING STATIONS IN OR NEAR VENTURA COUNTY

1936-37 THROUGH 1950-51

Stream



Santa Clara River System. The Santa Clara River drains 1,06J+ square

miles below the Ventura-Los Angeles County line and 62? square miles above the

County line or a total of 1,691 square miles. The river originates in the

Sierra Pelona and San Gabriel Mountains in Los Angeles County and flows in a
,

westerly direction to enter the Pacific Ocean just south of the City of

Ventura. The principal tributaries in Ventura County are Piru, Hopper, Sespe

and Santa Paula Creeks from the north and Salt Creek from the south. Piru

and Sespe Creeks, which drain U32 and 25^4- square miles, respectively, are

the largest of these tributaries.

It was estimated in State Water Resources Board Bulletin No. 12

that the 15-year average seasonal natural runoff at Station No. ^3-37-3,

known as Santa Clara River one-half mile west of the Los Angeles-Ventura

County line, was 33,530 acre-feet. During this period the maxiraiom flow

recorded was 86,110 acre-feet and the minimum flow recorded was i|,280

acre-feet. Average annual values of runoff during the period 1936-37

through 1950-51 at selected stations on the Santa Clara River and its

tributaries are presented in Table 1. The location of the gaging stations

is delineated on Plate 7B.

Historically, imported water has entered the Santa Clara River

drainage area through release from the Los Angeles aqueduct or as the

result of spill from Bouquet Canyon Reservoir on tiie aqueduct system. A

total of 60,900 acre-feet of water was discharged to Santa Clara River

from tuese sources during the period 1936-37 through I95O-5I. While this

release contributed to water supply to Ventura County the quantitative

effect on the long time average supply is relatively small.
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Calleguas Creek System. The Calleguas Creek system drains 33I square

miles. Arroyo Simi and Tape Creeks, the headwaters of this system, originate

in the Santa Susanna and Santa Monica Mountains. Arroyo Simi, rising near

the Los Angeles -Ventura County line east of Santa Susanna, flows in a westerly

direction through Simi Valley to a short distance southwest of Moorpark, at

V7hich point the stream name changes to Arroyo I^s Posas, The stream then

continues in a westerly direction until near Somis, where it turns to the

south, with a second change of name to Arroyo Calleguas. Southeast of

Camarillo the stream is called Calleguas Creek, and flows in a southwesterly

direction toward Mugu lagoon and the Pacific Ocean.

The runoff in Calleguas Creek System is relatively minor. The

seasonal flow in Arroyo Las Posas near Moorpark has varied from a minimum of

zero (for several seasons) to a maximum of approximately 9^000 acre-feet during

the oeriod 193^-37 to 1950-51. The runoff averaged 1,500 acre-feet per year

for the 15-year period. The locations of gaging stations on the Calleguas

Creek System are delineated on Plate 7C.

Malibu Creek System. The southerly slopes of the Santa Monica Moun-

tains within Ventura County are drained by Los Virgenes and T'riunfo Creeks,

tributaries of Kalibu Creek, together with several minor streams discharging

directly into the ocean. However, runoff from these streams is minor in

quantity and has little or no effect on the water supply situation in Ventura

County.
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Surface Reservoir Storage

Nine reservoirs in Ventiira County, utilized for stream flow regulation,

are sufficiently large to be subject to the jurisdiction of the State of Cali-

fornia. In addition, there are three reservoirs in the County which are used

to impound waste from oil field operations. Information concerning these

latter structures is presented in the discussion on oil industry wastes in

Chapter VI

.

The principal conservation reservoirs in Ventura County are created

by Matilija and Santa Felicia Dams, the locations of which are delineated on

Plates 7A and B. Matilija Dam is a concrete arch structure, 163 feet in height

forming a reservoir with storage capacity of about 7>000 acre-feet. It was

constructed in 19^8 by the Ventura County Flood Control District, Santa Felicia

Dam on Piru Creek, consti-ucted oy the United water Conservation District, was

completed in 1955- It is an earthfill type dam, creating a reservoir with maxi-

mum storage capacity of 100,000 acre-feet.

In addition to existing dams, the United States Department of Interior,

Bureau of Reclamation has initiated construction of Casitas Dam on Coyote Creek

of the Ventura River drainage area as shown on Plate 7A. An earthfill dam will

provide a reservoir with a capacity of 250,000 acre-feet which will impound

waters diverted from the Ventura River during periods of high runoff in addi-

tion to runoff from the Coyote Creek watershed.

Surface Diversions

Utilization of surface v;aters in Ventur?^ County is limited to a

relatively few user;; ulon,'; the Ventura and Santa Clara Rivers and their
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tributaries. Along the Santa Clara River system, the users divert the uncon-

trolled surface flow including rising water, of Piru, Sespe, and Santa Paula

Creeks. Supplies from these sources are not dependable in quantity, and in

some years disappear completely. I^ny users of sixrface water supplies are

also equipped to purap supplemental ground water.

The City of Ventiira is the largest user of surface waters along

the Ventura River, and has pumped ground water to sijpplement this supply when

necessary. Above the City's diversion near Foster Park, several gravity

diversions supply water to agricultiiral users and small urban entities adja-

cent to the river.

A list of the major users, sources of supply, locations of diversions,

and other pertinent data is presented in Table 2 entitled "Major Diversions

of Surface Water in Ventura County".
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Ground Water Supplies

Regulation of the available water supplies of Ventura County is

accomplished principally through utilization of the storage capacity in under-

lying ground water reservoirs . Usable ground water supplies are found in

the valleys and in some hill areas in the southern part of the county. These

supplies occur principally in alluvium and unconsolidated sediments, and to

a lesser extent in consolidated and fractured rock of sedimentary and vol-

canic origin. Underground water supplies are replenished by percolation

of surface waters, ooth in natural absorptive channels and in artificial

spreading grounds; by deep penetration of precipitation and the unconsumed

portion of applied irrigation water; and oy subsurface inflow from adjacent

ground water basins . Disposal of ground water supplies is effected by

piomped extractions, discharge as rising water, consumptive use by native

vegetation in areas subject to high ground water levels, and subsurface

outflow

.

As an introduction to the discussion of ground water geology and

hydrology in Ventura County there is presented a discussion of geologic

formations. Following this, there is a brief discussion of the geologic

and hydrologic characteristics of the individual ground water basins found

in each of the drainage systems in Ventura County. These data are sum-

marized in Table 3, "Principal Geologic and Hydrologic Aspects of Ground

V/ater Basins in Ventura County"; the areal geology of Ventura County is

delineated on Plate 8. Contours depicting the ground water level in the

spring of 1957 are shown on Plate 2.
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Geologic Formationsa g ^

Rocks found in Ventura County consist of marine and nonmarine sediments,

ranging in age from Cretaceous to Recent, and volcanics of Miocene age. The ^-^

sediments and volcanics are underlain by a pre -Cretaceous oasement complex com-

posed of igneous and metamorphic rocks. These formations are probably underlain

by sedimentary rocks of Jurassic age in some areas. From the standpoint of

water supply, geologic formations may be separated into two categories, non-

water-bearing formations and water-bearing formations. Formations included

among each of these two categories are discussed in the following paragraphs.

Monwater -Bearing Series. Nonwater -bearing deposits in Ventura County

include the basement complex, sediments of Cretaceous and Tertiary age and vol-

canics of Miocene age. Outcrops of these deposits are delineated on Plate 8.

Although the sediments of the nonwater -bearing series are generally incapable

of producing a dependable supply there are domestic wells throughout Ventura

County which extract limited amounts of water from these deposits, and a few

wells which yield large amounts of water.

VJater -Bearing Series. The water-bearing deposits in Ventura County

include lower Pleistocene age sediments, upper Pleistocene sediments and Recent

alluvium.

The deposits of lower Pleistocene age consist of the Ganta Barbara

and the San Pedro formations. The Santa Barbara formation, which ranges from

upner Pleistocene to lower Pleistocene in age, contains mudstone, shale, and

minor sandstone oeds . Near the top of the Santa Barbara formation a deposit

of sand and gravel forms the Grimes Canyon aonifer, which is an important

source of ground water in Los Posas Basin. The lower Pleistocene San Pedro
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formation consists of marine and continental sands, gravels and clays that

range up to U,000 feet in thickness, and supply water to wells in the Santa

Clara River Valley, Pleasant Valley, and Las Posas Basin areas. At the base

of the San Pedro formation is an important aquifer, known as the Fox Canyon

aquifer, which consists of IOC to ifOO feet of sands and gravels.

Upper Pleistocene silts, sands, gravels, and clays overlay the

San Pedro formation. In the Oxnard Plain area these sediments extend from

the top of the San Pedro formation to within about 20 to 50 feet of the

surface. The main aquifer in the Oxnard Plain Basin is a stream-deposited

gravel within these upper Pleistocene sediments, termed the Oxnard aquifer.

Some water is also obtained from lenticular upper Pleistocene gravels in

the Pleasant Valley area.

Deposits of Recent alluvium in the region are usually less than

50 to 60 feet thick and consist of sands, gravels, and clays. As the Recent

alluvium is very shallow, most wells obtain water from older formations.

Ground VJater Basins, Ventura River System

Ground water basins within the Ventura River system include the

Upper Ojai, Ojai, Upper Ventura River and Lower Ventura River Basins. The

location of these basins is delineated on Plate 2 and a s^ommsiry of geologic

and hydrolcgic information is set forth in Table 3« In general, the basins

of this system are small and have limited storage capacity. For this reason,

they are quickly recharged during wet periods and rapidly depleted during

periods of drought. The lands of this system not included within the

indicated limits of ground water basins are principally underlain by forma-

tions of low permeability which do not yield water readily to wells. However,
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in these areas, some water is obtained frora fractures and pervious zones within

consolidated Tertiary deposits.

Upper Ojai Basin . Upper Ojai Basin is situated in the northv;esterly

part of the Ventura lUver system. The principal water-bearing deposits are

found in the Pleistocene and Recent alluvium that covers the floor of the Basin

to an average depth of approximately 6o feet. The alluvium is flanked by the

folded and faulted 1 ico, Santa Margarita, Modelo, Rincon, Vaqueros and Sespe

formations as shown on Plate 8. Fractures in these Tertiary formations con-

tain some ground v.'ater and many small springs are supplied from fractures in

these rocks

.

In the Upper Ojai Basin, ground vrater moves westerly into Lyon Canj-on

of the Ventura River drainage system as shown by contours of water levels on

Plate 2. Consolidated Tertiary formations prevent any appreciable subsurface

outflow of ground water from the Upper Ojai Basin into Ojai Basin.

Ojai Basin. Ojai Basin, the p.rincipal ground water basin in the

Ventura River drainage system is a down faulted and folded area that has oeen

filled wiuh Recent and Pleistocene stream alluvium to depths which range up

to TOO feet in thickness. The alluvium rests on and is flanked by Tertiary

formations . Although some ground water is contained in fractures derived

from the flanking Tertiary formations, the major portion of the readily avail-

able supply is contained in the alluvial floor of the basin. Water diverted

from Hatilija Reservoir into the Ojai spreading grounds serves as a partial

source of recharge to the ground water reservoir.

Ground water in the Ojai Basin moves south and west and converges

on San /-.nto)\i.c) r;reek at its outlet from Ojai Valley. However, during oeriods
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of low water levels the water table slope has been reversed to form a de-

pression or trough in the vicinity of Ojal as indicated by ground water

contours on Plate 2. During periods of high water levels^ some wells

located in the southwestern part of the basin exhibit conditions of

artesian flow, suggesting the occurrence of locally confining conditions.

At the west end of Ojai Valley available evidence suggests that

subsurface outflow is blocked by nonwater -bearing materials of the Sespe

formation. This, and the fact that bedrock is exposed in San Antonio

Creek indicate that subsurface outflow from Ojai Basin into Upper Ventura

River Basin is probably insignificant.

Upper Ventura River Basin . The Recent alluvium is the principal

water-bearing deposit found in the Upper Ventura River Basin. This basin

includes the Upper Ventura River Valley, the Coyote Creek drainage area,

and that part of the San Antonio Creek drainage area downstream from Ojai

Valley. In the Ventura River Valley the depth of this alluviiJim ranges from

60 to 100 feet, while in the smaller San Antonio and Coyote Creeks the fill

is thinner, ranging from 5 to 30 feet in depth. These alluvial deposits

rest on and are flanked by folded and faulted Tertiary formations. Most

of the ground water in the basin is contained in the alluvial deposits,

although some water is contained in fractures in older formations. Free

ground water conditions generally prevail throughout the basin, although

there are some localized bodies of confined water. Subsurface flow to

Lower Ventura River Basin occurs around the east end of a subsurface barrier

built by the City of Ventura near Foster Park.
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Lover Ventura River Basin. Alluvial deposits that range from 60 to

100 feet thick in the floor of the Ventura River Valley are the important '

aquifers in this basin. The alluvium of the basin is generally vmderlain '^

by nonwater-bearing Tertiary formations. 'The water-bearing San Pedro formation

flanks and underlies the alluvium at the mouth of the Ventura River, although

this aquifer appears to be hydraulically isolated from the alluviurn oy imper-

meable formations, and is considered to be part of the Mound Bs.sin. Utiliza-

tion of ground water from the Lower Ventura River Basin has been negligible

since 1926, when most wells were abandoned because of poor quality.

Ground Water Basins, Santa Clara River System .

Ground water basins in this system comprise Piru, Fillmore, Santa

Paula, Mound, Oxnard Forebay, Oxnard Plain, and Pleasant Valley Basins. Col-

lectively, they are the most productive basins in Ventura County. The location

of these basins is delineated on Plate 2, and the principal geologic and hydro-

logic characteristics of these basins are given in Table 3- Direction of move-

ment of ground water in the spring of 1957, as indicated by lines of equal

elevation of ground water, is shown on Plate 2.

Piru Basin . Piru Basin is the easternmost basin lying entirely within

Ventura County. The principal water-bearing deposits of upper Pleistocene

and Recent alluviu>.. and underlying Pleistocene San Pedro formation coincide

axially with the Santa Clara River syncline, and the San Pedro formation has

been folded into the syncline. Southeast of Piru the synclinal axis has been

folded upward, causing the San Pedro formation to be truncated by erosion.

Tn addition. Tertiary formations have been moved over the younger San Pedro
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formation by thrusting along the San Cayetano and Oakridge faults. These

older formations are essentially nonwater -bearing but may contribute some

water of poor quality to the main aquifers

.

The thickness of the alluvial deposits rangesfrom 85 to 200 feet,

whereas the San Pedro formation may attain a thickness approaching ^+,000

feet. At the eastern boxindary of the basin, near Blue Cut, the alluvium

covering the nonwater-bearing deposits is thin, with the result that sub-

surface inflow is negligible. At the western boundary of Piru Basin a con-

striction impedes the flow of groiind water and results in rising water in

Santa Clara River.

Fillmore Basin . The principal water-bearing deposits in Fillmore

Basin are the alluvium of Pleistocene to Recent aige, up to 25O feet in thick-

ness, and the San Pedro formation, which may have a thickness as great as

i4-,000 feet. East of Santa Paula, the cross sectional area of the San Pedro

formation has been reduced by warping of the Santa Clara River syncline.

This restriction forms the western boundary of the basin, through which a

minor amount of subsurface outflow occurs. On the south side of the basin,

in the Bardsdale area, the alluvium overlies the shelf of nonwater-bearing

rocks which have been thrust upward by the Oakridge fault. The alluvium

overlying this shelf is up to I80 feet thick.

Historically, the alluvium has been substantially dewatered in

certain areas along the north and south sides of Fillmore Basin, with the

result that several wells have gone dry. However, in most areas, deepening

of wells into the underlying San Pedro formation would probably have allevi-

ated the difficulty. An exception to this general situation exists in the
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southerly portion of Fillmore Basin, south of the Oakridge fault, where the

alluvium is underlain by relatively nonwater-bearing Tertiary deposits.

Santa Paula Basin. The alluvium in the Santa Paula Basin ranges u^

to 200 feet in thickness, v^hile the underlying San Pedro formation is about

i4-,000 feet thick. In the northwestern part of the basin near Saticoy, deposits

of yellow silty clay overlie the principal gravel zones in the alluvial de-

posits creating locally confined conditions. Underlying and flanking the San

Pedro formation are semipermeable Tertiary deposits, which may yield water of

poor quality to wells

.

Ground water moves toward the west end of the basin, where movement

is impeded by the Saticoy fault. Water levels are 50 to 100 feet higher on

the upstream side of the fault than on the downstream side, indicating that

this fault is an effective ground water barrier. Between Santa Paula and

Mound Basins there is a relatively steep hydraulic gradient, which may be

caused by a decrease in permeability in the underlying sediments or by some

unknown faulting in the San Pedro formation.

Mound Basin. The San Pedro formation, which is the principal water-

bearing deposit in the basin, is overlain by alluvium and underlain by Santa

Barbara formation. The alluvial deposits, which range from upper Pleistocene

to Recent in age, consist of yellow clay that has intercalated lenses of sand

and gravel. The alluvium is underlain by it-,000 feet of gravels, sand, silts,

and clays which make un the San Pedro formation. The upper 500 to 1,000 feet

of the San Pedro formation consists of many permeable beds of sands and

gravels that are discontinuous and extremely lenticular. These form the

principal sources of ground water in this basin.
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At the present time, there is insiifficient evidence to indicate

that sea water is intruding into the San Pedro formation. It is possible

that the submarine extensions of the formations may be in hydraulic contin-

uity with the ocean, and consequently, inflow of sea water or outflow of

fresh water can occur. There is uncertainty as to the hydraulic continuity

of the San Pedro formation between the Mound Basin and Oxnard Plain Basin,

but it is possible that subsurface inflow to or outflow from the Oxnard

Plain Basin may occur when water levels are favorable.

Oxnard Forebay Basin. Formations in this basin include Recent and

upper Pleistocene alluvium \inderlain unconformably by the San Pedro forma-

tion and, in a small area, by the Santa Barbara formation.

Alluvium of Recent and upper Pleistocene age is the most important

material in the Oxnard Forebay since it forms the ground water reservoir

for most of the water used in Oxnard Plain Basin. The alluvium consists of

up to about i<-00 feet of river deposited gravel, clay, and sand.

The Oxnard Forebay Basin is a free ground water basin in which

there is hydraulic continuity between ground surface and the ground water

table. The upper gravels are continuous with the Oxnard aquifer of Oxnard

Plain Basin. The alluvium is underlain by permeable sands and gravels of

the San Pedro formation, called the Fox Canyon member.

Ground water in the Oxnard Forebay Basin is the principal source

of recharge to the Oxnard Plain Basin through the aquifers in the alluvium

and the San Pedro formation. Outflow through the San Pedro formation into

Mound Basin may occur at times in the area near Montalvo.
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Oxnard Plain Basin. The principal water-bearing formations in the

Oxnard Plain Basin are Recent and Pleistocene alluvial deposits, which range -^•

in thickness from 400 to 500 feet and the underlying San Pedro formation, the

thickness of which ranges from about 600 feet in the south to almost 1,800 feet

in the north of the basin. The Oxnard aquifer, of Recent and Pleistocene age,

is the most important aquifer in the basin. It ranges from 75 to 200 feet in

thickness and is confined by a layer of clay with interbedded lenses of sand

and gravel up to 150 feet in thickness. The clay supports a semiperched

vrater body, but slovr infiltration through the cap probably contributes to

the recharge of the Oxnard aquifer. Another aquifer is found in the south-

eastern part of the basin where a fairly continuous bed of gravel 70 feet

thick is encountered at depths of about 400 feet near the base of the upper

Pleistocene alluvium. The most important aquifer in the San Pedro formation

is the Fox Canyon member, consisting of sands and gravels which range from

100 to 300 feet in thickness. These three aquifers are in hydraulic con-

tinuity with the ocean near Port Hueneme, or Point Mugu or both. Limited

quantities of water are obtained from other permeable zones in the San

Pedro formation and in the upper Pleistocene sediments.

Pleasant Valley Basin . The Recent and upper Pleistocene alluvium

and the San Pedro and Santa Barbara formations are the principal sources of

ground water in Pleasant Valley Basin. In the area north of the Camarillo

fault and south of the Camarillo hills, the alluvium consists of about 400

feet of yellow and blue clays with lenticular v:ater-bearing sands and gravels.

South of the Camarillo fault, the alluvium consists mostly of clay with
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irregularly iiaterbeddei sands and gravels, with a total thickness of hOO feet.

The San Pedro formation underlies the entirs basin^, ranging in thickness from

too to 1,50c feetn and has at its base the Fox Canyon member. The Fox Canyon

member, ranging in thickness from 100 to 3OO feer,, is the most important

aquifer in Pleasant Valley Basin « Underlying the San Pedro formation is the

Senta Barbara formation, which varies from 5C to 9CC feet in thickness. Only

a few wells obtain v&'itr from this latter formation and, since the sediments

are of a fine-grained nature, it nas not been develop-ed as an important

aquifer. Adjacent to and underlying the southern part of the basin are vol-

canic rocks vhich yield water to viells from fractures and from gravels inter-

bedded with volcanic flows

.

Nearly all ground water bodies of this basin are confined, the

exception being the Fox Canyon member, which is unconfined in a limited area

near Somis. During periods of heavy draft., ground water moves tov;ard the

center of the basin, whereas when water levels are high, ground water moves

in a southerly direction ':hrough the basin.

Ground Water Bs.sins, Calleguas Creek System.

Ground water basins :'n the Calleguas Creek drainage system include

Simi, East and West Las Posas, Conejo, Tierra Rejada, and Santa Rosa Basins.

The remaining lands of the system are principally underlain by formations

of low permeability, which do not yield water readily into wells. The lo-

cation of thEse basins is delineaxed on Plate 2, Table 3 presents a summary

cf some of the characteristics of these basins. The direction of ground

water movement, as evidenced by contours of ground water elevation for the

spring of 1957? is shown on Plate 2.
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Simi Basin. The principal water-bearing formation in Simi Valley is

the Recent and "Pleistocene alluvi^jm consisting of sands, gravels, and clays,

covering the floor of the valley to depths that range up to 730 feet. The clay

content increases tovrard the vest end of the basin causing localized conditions

of confined gro'and water. Underlying the alluviiun are semipermeable Tertiary

fonaations which contain water in fractures and interstices. However, they do

no"C jdeld. large amo^r^ts of water to wells. In the Tapo Canyon area about 1,000

feet of water-bearing sands and gravels and some clays of the Santa Barbara

fonaation have been folded Into a tight syncline. This formation, the second

most jjnpcrtant source of gro'ond water in Simi Valley; is separated from allu-

vium of Si.T.i Valley by nonwat^r-bearing rocks as shown on Plate 8.

Subsurface outflow from this ba.sin moves through the alluvium to

Arroyo Simi where the al.luviua?. appears to be only 60 to 100 feet deep and

about 1,000 feet wide.

East Ijas Poses Bs.sin_^ The principal aquifers in this basin are the

alluvium and the San Pedi'o and Santa Barbara formations. The alluvitmi is

Pleistocene to Fecent in age and reaches a maximum thickness of 200 feet in

the vicinity of Mooi-park. The San Pedro formation in this basin consists of

about 2,000 feet of gravel, sands, and clays, and contains two important aqui-

fers, the Epworth gravels and the Fox Canyon member. The Epworth gravels,

which consist of up to 2,000 feet of gravels ^ sands and silts and clay, are

located near the top of the San Pedro formation. The Fox Canyon member, situ-

ated near the base of the San Pedro formation, is about 100 to 400 feet thick

and consists of sands, gravels with interbedded clay and silt lenses. With the

exception of these two aquifers, the San Pedro formation does not yield large

amounts of water to wells. The underlying Santa Barbara formation is up to
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2,000 feet thick and has at its top a coarse gravel member known as the Grimes

Canyon aquifer. The thickness of this aquifer varies greatly, ranging from

a few feet to 1,000 feet. The portion of the Santa Barbara formation under-

lying the Grimes Canyon aquifer has low permeability and yields little water

to wells

.

Subsurface inflow into the basin is limited to that coming from

older rocks and minor amounts from Simi Valley through the alluvium. Sub-

surface outflow is to Pleasant Valley Basin.

West Las Posas Basin. West Las Posas Basin is geologically similar

to East Las Posas ^sin. G?he important aquifers of the basin are the Fox

Canyon member of the San Pedro formation and the Grimes Canyon member of

the Santa Barbara formation. The San Pedro formation is over 1,300 feet

thick with the lowermost Fox Canyon member, consisting of sand and gravel,

being 200 to 300 feet thick. In this basin, the Grimes Canyon member is up

to 300 feet thick. Between the Grimes Canyon and Fox Canyon aquifers there

is a bed of clay remging up to 6OO feet in thickness, which generally acts

as an impermeable barrier between the two aquifers. There are places,

however, where the clay has been eroded away at the base of the Fox Canyon

aquifer and continuity exists between the aquifers. The alluvial deposits,

200 to 300 feet in thickness, that overlie the San Pedro formation consist

of silts and clays similar to those in the San Pedro formation. These

deposits yield minor amounts of water from sand gind gravel lenses.

Folding of the formations underlying the alluvium has resulted in

the Fox Canyon aquifer being exposed along the edges of the basin, sind

deeply buried in the middle. Ground water is confined in both the Fox
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Canyon and Grimes Canyon aquifers except where they are exposed on the south

slopes of the Oak Ridge and where they are folded in the Camarillo Hills. Sub-

surface outflow is to the Oxnard Plain Basin.

Conejo Basin. Conejo Basin differs from most of the other basins in

Ventura County in that its boundaries coincide with the drainage divides . Geo-

logic formations in the basins consist of alluvium and sedimentary and volcanic

formations of Tertiary and older age. The alluviiim is shallow, except at Newbury

Park and Thousand Oaks, where it attains a thickness of about 60 feet. Although

the formations underlying the alluvial deposits are folded and faulted, the geo-

logic structure appears to have little effect on the occurrence and movement of

ground water. Ground water is contained in the alluvium, in fractures and

weathered portions of volcanic rocks and Modelo shales, and in pervious zones

of the Modelo sandstones and Topanga formations

.

Tierra Rejada Basin. This basin is underlain by water-bearing vol-

canic rocks about 2,000 feet thick. These rocks underlie the entire basin with

the exception of a small area underlain by sedimentary formations of Tertiary

age. Most of the water in the basin occurs as unconfined water in highly

fractured volcanic rocks . Ground water moves toward the west end of the basin

where ?;ubsurface outflow to Seinta Rosa Basin is impeded by a north trending

fault

.

Santa Rosa Basin. The Santa Rosa Basin is covered with Recent and

Pleistocene alluvium consisting of sands, gravels, sind clays, ranging up to

200 feet in thickness. Underlying the alluvium is the San Pedro formation,

which contains up to 200 feet of gravel, sand, silt, and clay. At the base
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of this formation, in the western part of the basin, there is a sand and

gravel bed which is about 100 feet thick and is probably the equivalent of

the Fox Canyon member. On the south side of the basin the San Pedro formation

is underlain by Tertiary volcanics. Some Tertiary sedimentary rocks also

underlie and are adjacent to the basin. There is subsurface inflow from

both Tierra Rejada and Cone jo Basins, but the magnitude of the inflow cannot

be estimated because of insufficient data. Subsurface outflow through the

San Pedro formation is westward into Pleasant Valley.

Ground Water Basins, Malibu Creek System .

Russell and Hidden Valleys comprise the principal areas in the

Malibu Creek drainage area in Ventura County where ground water is extracted.

In these basins ground water is derived primarily from alluvial deposits

although some water is also extracted from volcanic rocks and the Topanga

and Modelo formations. Nearly all formations have low storage capacity and

low specific yield.
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CHAPTER III. WATEE 'UTILIZATION '<'.

In Vent\jrE Countyj water is utilized for many beneficial uses, in-

cluding irrigated agriculture, urban, recreational, and preservation and

propagation of fish and wildlife. In addition, water is consumptively used

by native vegetation, lost by evaporation from surface water bodies and

impervious areas, and utilized as a vehicle for the disposal of wastes.

Irrigation Use

At the present time the greatest use of applied water in Ventura

County is for the irrigation of crops. Data presented in State Water Re-

sources Board Bulletin Ko. 12 indicate that the annual use in agri-

culture is approximately l60,000 acre-feet of water. The principal crops

are citrus, avocados, beans, nuts, truck, and alfalfa. Minor crops include

deciduous fruit, sugsir beets, and irrigated pasture. Forecasts of the ulti-

mate land use pattern in Ventura County indicate that the acreage devoted

to irrigated agriculture will probably increase gradually for the next 10

or 15 years when water requirements will approximate 186,000 acre-feet

annually. After that time, it is estimated that agricultural acreages

will decrease and agricultural water requirements will decrease to roughly

one-half of present values or approximately 8o,000 acre-feet annually.

Urban Use

The urban uses of water include domestic, municipal, and indus-

trial. Utilization of water for domestic and municipal purposes includes

requirements for single family, rural, and multiple residences; stores.
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hotels, motels, laundries, and ether oormnercial establioliments; schools, public

buildings, and fire ^jrotection. Industrial uses of water are primarily repre-

sented by fruit, nut, and vegetable processing, and petroleum production and

refining. Data presented in State Vfater Resources Board Biilletin No. 12^ '

indicate that the present utilization of v/ater for urban uses in Ventura County

exceeds 2C,000 acre-feet per year. Under ultimate conditions, it is estimated

that use of water for urban purposes will increase more than ten-fold and

probably exceed 300,000 acre-feet per year.

Eecrc-.at 1onal Us

e

Fishing, swimming, boati?ig, and aesthetic enjoyment are the princi-

pal recreational uses of surface waters in Ventura GoLinty. Areas of fishing

include the Pacific Ocear.', Matilija and Piru Lakes and the upper reaches of

such streains as Sespe and Piru Creek^j. Beaches are utilized for swimming and

bathing. Several resort areas and camping grounds in Ventura Co'onty have

private swimming pools. Boating is confined almost entirely to the Pacific

Ocean, Lake Sheri'.'-ood, and Pin.i Lake.

Fish and Wildlife

The surface waters of Ventura County are extensively utilized for

the preser^/ation and propagation of fish and wildlife. Surface waters of

major and minor streams are necessary to maintain animal and bird life.

The California State Department of Fish and Game maintains a fish hatchery

at Fillmore which obtains its water supply by pumping from Piru Basin. Many

of the creeks and lakes in Ventura are regularly stocked with trout. These

include eight of the larger streams and Piru, Matilija and Rose Valley
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Lakes. In the Pacific Ocean both surf and deep-sea fishing are impor-

tant recreational and conmercial activities

.

Waste Disposal

In a semiarid area, such as Ventura County, multiple use

generally must be made of available water resources. Conflicts will

often develop where pressure for minimizing the cost of treating sevr-

age and industrial waste is opposed to the preservation of water

quality for beneficial uses, such as for domestic and industrial vmter

supply, irrigation, maintenance and enhancement of fish and wildlife,

and recreation. Proper administration and utilization of available

water resources for waste disposal involves reconciliation, so far

as possible, of these essential, but inherently competitive uses of

water

.

All of these uses must be considered legitim8.te and their

relative importance to the economy of the state and county must be

evaluated. Whenever a conflict arises, considered analysis of the

situation v/ill be required in order to establish priorities of use

and set waste discharge requirements. The best interests of the

State will be served through efforts to achieve a balanced agricul-

tural, urban, and industrial economy. This necessarily implies the

balanced use of available water resources for the many purposes de-

manded .

The control of pollution of water supplies must be fully

integrated and coordinated vfith the other aspects of water develop-

ment and use. The keynote to a successful and efficient pollution
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control 'oi'OKram ir, prevention. Kxpcrience in control activities has shov.'n that

prevention is better and cheaoer than abatement. The administration of waste '

disposal activities should j^rovide for the maintenance of the highest practicable

level of water quality. There must be no possibility of deterioration of water

quality to a degree which precludes use of the available waters for necessary

purposes, present or potential. The various types of wastes disposed to the

waters of Ventura County, together with their effects upon such waters , are

?1 Lscussed in greater detail in Chapter VI, "V/ater Quality Problems".
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CHAPTER IV. WATER QUALITY CRITERIA

Ventura County is primarily an agricultural area, with citrias and

truck crops constituting the major segment of the economy. These crops,

particularly citrus, require good quality water supplies to sustain vigorous

growth and maintain high production. V/ater of this quality is available,

as evidenced by the high crop yields obtained. However, mineral analyses

indicate that poor quality waters may be found in certain of the rivers and

creeks during periods of low flow. Ground waters derived from certain of

the geologic formations also are of inferior quality. Further, recent de-

pression of piezometric levels in the coastal plain to below sea level has

permitted sea-water intrusion into the Oxnard Plain Basin.

Dissolved Constituents in Ground and Surface Waters

Precipitation, as it reaches the earth, normally contains few

dissolved solids, although it may contain carbon dioxide and oxygen.

These waters, in their passage to the sea, either on the surface or through

the ground, dissolve minerals from the materials and rocks with which they

come in contact. The amount and type of minerals dissolved reflect the

composition of the material with which the water comes in contact and the

hydrologic conditions governing the rate of movement of the water. In

addition, salts, and other pollutants may be added to vrater by industrial

waste, sewage, and irrigation return wastes. The significance as regards

source and effect on usefulness of water, of each of the principal con-

stituents normally found in water is discussed in the following paragraphs.
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Calcium (Ca)

Calcium is dissolved from practically all rocks, the highest concen-

trations usually being found in waters which have been in contact with lime-

stone, dolomite, and gypsum. Irrigation waters containing a large percentage

of this constituent, with respect to other bases, are desirable, as a calcium

saturated soil is permeable and easily worked.

The presence of calcium in domestic and industrial water supplies,

however, results in a hard water. Calcium is largely responsible for the

formation of scale in boilers and water pipes . Its reaction with stearates

in soao products prevents lathering and produces a gray scum commonly called

"bath tub ring"

.

Magnesium (Mg)

Magnesium is dissolved primarily from volcanic and dolomitic rocks,

although large amounts may also originate from the leachings of weathered

soils and from marine deposits. Magnesium reacts with soil in much the same

manner as calcium and its effects in regard to hardness are similar to those

of calcium. For domestic use, the upper limit of concentration is usually

maintained somewhat less than 200 parts per million as concentrations aoove

this level may cause taste proolems. High magnesium concentrations, when

associated with high sulfate content, may cause drinking water to have a

laxative effect.

Sodium (Na) and Potassium (K )

Sodium and potassium are dissolved from practically all rocks.
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Fresh water supplies having very low concentrations of dissolved solids

usually contain as much potassium as sodium. However, as these and

other constituents increase in concentration, the relative proportion

of sodiiom generally becomes much larger. Moderate quantities of

sodiiAm and potassivm have little effect on the usefulness of water.

For industrial purposes, waters containing more than 50 to 100 parts

per million of a combination of these two elements may require careful

operation of steam boilers to prevent foeiming. Its presence in water,

in combination with carbonate, promotes corrosion in boiler tubes,

condensate lines, and hot water systems.

For irrigation use, waters having a high per cent sodium,

Na X 100 (constituents expressed in epm), will, as a result of
(Na+K+Ca+Mg)
cation exchange, cause dispersion of the soil, reducing its perme-

ability and tilth.

Carbonate (CO^) and Bicarbonate (HCOo)

These two constituents are derived principally from

dolomite, limestone and other rock minerals. They are closely

related and comparative concentrations may change with variations

in the pH. In California the bicarbonate constituent is normally

the predominant acid radical in both surface and ground waters.
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Sulfate (SO^^)

m
Sulfate is dissolved from many types of rocks and soils. It is derived

in large quantities from gyriGiferous deposits and frorn shale deposits of marine

origin. Its presence is particularly significant in waters that contain large

amounts of calcium and magnesium, as its combination with these two constituents

iray cause deposits of hard scale in water pipes, hot water heaters, and boilers.

For irrigation use, when sulfate is combined with magnesiumi and sodium, in the

absence of sufficient calcium to precipitate sulfate from the soil solution, it

may reach concentrations sxifficient to become injurious to olants

.

For domestic use, when concentrations in excess of ^00 parts per

million of sulfate are combined v/ith magnesium and/or sodium, there is a notice-

able laxative effect. This condition reflects the probable unsuitability of

high sulfate vraters for domestic use.

Chloride (Cl)

Chloride, present in nearly all waters, is dissolved originally from

rocks and natural salt deposits . Sewage and some industrial v/astes are also

rather heavily charged with this constituent. Large amounts of chloride in

water render it unsatisfactory for drinking purposes and for use in processing

food beverages. Chloride may be especially harmful in water intended for

irrigation use as it may cause subnoi-raal growing rates and burning of leave.s.

Nitrate (NO )

Ritratc, when occurring in ground water in quantities exceeding a

:Ve\i parts per million, is usually dissolved from evaporates, such as dry salt
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bedo, or originates froin soil percolate charged v/ith fertilizer loBses and the

tay-products of organic decomoosition. In rare instances nitrate may oe derived

I'rom raaf^atic sourceu .

Nitrate is of particular significance from the standpoint of public

health. Methemoglobinemia (cyanosis) among infants, in many cases, appears

to have been due to concentrations of nitrate generally exceeding 10 parts

per million as nitrogen {hk ppm as NO,) in the household vater supplies.

P'or industrial uses it has been reported that about 2 parts per million of

nitrate in ooiler feed water tends to decrease intercrystalline cracking in

boiler steel

.

Boron (b)

In nature, ooron is never found in the uncombined or elemental

state. It occurs in the form of boric acid or, more commonly, as borcitc,

especially in regions that are or have been volcanic. It is not a rare

element and is widely distributed. The known boron deposits in the United

(12)
fjtates are located principally in the semiarid regions of the west

Boron, as an ingredient in washing compounds and cleansers, is

widely used both in the home and industry. Its concentration in v;ater is

important to agriculture for two reasons; first, it is essential in very

small amounts to the growth of many, but not all, plants and, second,

it is extremely toxic to a large nuraoer of plants if present in soil solu-

tions in concentrations exceeding a few parts per million.

Total Hardness

Hardness is caused principally by compounds of calcium and
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magnesium, although other substances such as iron manganese, aluminum, bari\im,

silica, strontium, and free hydrogen contribute to the total effect. Hardness in

water is primarily an economic problem. Its presence requires an increased use

of soap, which it coagulates to form an insoluble precipitate, and it forms scale

which tends to reduce the efficiency of boilers and plimbing systems. It is

usually considered that soft water (100 parts per million or less as CaCOo) will

not interfere with the use of water for most purposes, although lower concen-

trations may be required for use in high pressure steam boilers and for some

industrial processes. Water considered moderately hard (101 to 200 parts per

million as CaCOo) may in the upper ranges require softening for laundry and indus-

trial use. Very hard waters (exceeding 200 parts per million as CaCO-,) usually

require some softening prior to \ise for most domestic or industrial purposes.

Hydrogen Ion Concentration (pH)

The acidic or alkaline nature of water is given in terms of pH, a

measure of the hydrogen ion concentration. pH, which denotes the "hydrogen

ion exponent" is the logarithm to the base of 10 of (h), the negative sign being

omitted. A neutral solution has a pH of 7-0. As pH decreases the acidity

increases and pH increases as the liquid becomes more alkaline. The pH of most

water is between 6 and 9-

The hydrogen ion is a potential pollutant because of its corrosive

action. In addition, it is related in various ways to other pollutemts. It

increases the toxicity of such weaikly acidic substances as cyanide and it

dissolves other pollutants from substances with which it comes in contact.

In nature its effect is limited by the presence of buffering substances.

-50-

1



principally b] carbonates . Itiese have a partially neutralizing; effect on added

acid so that the hydrogen ion concentration is less than it would have been

in the absence of the buffer. Similarly, a buffer will increase the hydrogen

ion concentration of an added base.

Fluoride (iQ

Fluoride is obtained chiefly froii fluorspar and cryolite rocks

.

It is reported that this constituent may be found in the above-named rocks

in concentrations similar to that of chloride; however, owing to their origin

in only certain types of rocks, high concentrations of fluoride are not com-

mon to surface waters but may occur in detrimental concentrations in ground

vraters

.

Fluoride is reported to be toxic tc humans in concentra-

tions as low as 180 'arts per million ^^), However, there is considerable

information 00 indicate that waters containing this constituent in excess

of 2 to 3 parts per million may cause mottling on teeth of grovring children,

particularly, between the ages of 8 and 12. Many dental authorities main-

tain fluoride concentrations ranging from 0.8 to I.5 parts per million

in drinking water is of considerable aid in the prevention of dental caries

.

Fluoridation of water supplies to bring the fluoride content within this

range is increasingly nracticed-

Salts of Heavy Metals

Included in this group are salts of lead, arsenic, hexavalent

chromium, selenixjm, copper, zinc, iron, and manganese. All of these metals

in small concentrations may be detrimental to human health, livestock, or
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otherwise be objectionable in the water supply.

Certain of these salts, such as lead and arsenic, apparently are

toxic to humans in concentrations as low as 0.1 to 0,2 parts per million.

Other of the constituents such as copper and zinc will impart an astringent

taste to water in concentrations of very few parts oer million. Iron and

manganese have staining properties at low concentrations and for this reason

they are objectionable in waters to be used for domestic and laundry pur-

poses .

Total Dissolved Solids (TDS)

The concentration of total dissolved solids furnishes an indication

of the overall mineral quality of a water and as such serves as a valuable

criLerion for determining the suitability of a water for beneficial use. Tn

general, the total dissolved solids concentration is determined by evapo-

ration. In certain of the analyses presented in Appendixes A and B, the

total dissolved solids is reported as the arithmetic surn of the parts oer

million of all the constituents with the exception of oicarbonate, which

is included as equivalent carbonate.

Criteria established for dissolved solids for irrigation use are

generally given in the form of electrical conductance or conductivity

(EC X 10 at 25° C). Conductivity is a physical property of water which

depends, to a great extent, upon the quemtity of salts in solution. For

most waters if the conductance is multiplied by 0.7, a value approximating

that of the total dissolved solids is obtained. l-Yirther, dividing the con-

ductivity by 100 will give an approximate value of the total anions or

cations in equivalent parts per million (epm).
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Physical Properties of l-^ater

In addition to dissolved mineral constituents, there are certain

physical properties of water which must be considered in determining its

suitability for beneficial uses. Included among these are dissolved oxygen,

color, turbidity, odor, and taste.

Dissolved Oxygen (PO)

The presence or absence of dissolved oxygen in water is of special

significance when dealing with surface waters as it is important to natural

purification processes. Natural surface waters of a satisfactory quality

should oe saturated, or nearly so, with dissolved oxygen (7 to lU parts

per million depending upon the temperature). A consistant deficiency in

this constituent is an indicator of organic pollution, In the absence of

sufficient quantities of dissolved oxygen, anaerobic bacteria attack organic

po] ].ution in the stream and result in the evolution of -foul -smelling gases.

Color

In water analyses, the term colbr refers to the appearance of a

water that is free from suspended solids . Color may be due to mineral or

organic matter in solution, in suspension, or as a colloid. Its presence

is undesirable for domestic and industrial purposes as it may stain laun-

dry, food, or other materials with which it comes in contact . Color may

be objectionable in waters used for recreational purposes.
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Turbidity

Turbidity is a measure of the suspended and colloidal raatter in water.

It is generally composed of fine pb.rticles of sand and/ or clay which are not

particularly detrimental to the potability of the water or to most uses. Tur-

bidity in surface water may be removed by chemical coagulation, sedimentation,

or filtration. Its particular aignificance i:: geiierLlly in connection with

the spreading of surface waters containing quantities of suspended and col-

loidal material which tend to clog spreading basins, and thus, reduce infil-

tration rates. Turbidity is objectionable in waters utilized primarily

for recreational piorposes.

Odor and Taste

Odors and tastes in water may result from any one or a combination

of micro-organisms, living or dead; dissolved gases such as hydrogen sulfide,

marsh gas, carbon dioxide or oxygen combined with organic matter; mineral

substances such as chloride, iron, carbonates, and sulfates; and phenols or

other tarry or oily wastes, especially after chlorination. Some tastes such

as those Imparted by oxygen and carbon dioxide are pleasant. Most of the

other substances mentioned have a disagreeable taste. The odor of a water

is dependent to some extent upon its temperature, and the heated odor may

be different from the cold odor. IThile standard methods of analysis of the

("19)
United States Public Health Service^ include a quantitative method for

the determination of odor, the application of the method depends to a great

extent upon the skill and the experience of the analyst. There is no known

method for analyzing for taste.
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V.'ater Quality Requirements

As stated in Chapter III, the waters of Ventura County are u;:cd

nrincipally for domestic, municipal, and irrigation purposes with lesser

amounts utilised for industrial and recreational purposes. Suitability of

uiese waters for each of these uses dooends in part upon the amount and

l\ind of minerals dissolved therein. Water quality criteria for the above

beneficial uses are discussed in the followin,?, r .aran;ranhs , in order that

the reader may better interpret the analyses and evaluate the suitability

of a particular water for a specific purpose.

Doiriestic and i'iunicipal Use

V/ater that is to be used for drinking and culinary niirooses

should oe clean, colorless, odorless, pleasant to the taste, free frora

toxic salts, and should not contain an excessive amount of dissolved

mineral solids. Frooably the most widely used criteria in deterraining the

suitability of a water for this use are the "United f^tates Public Health

Service Drinking V.'ater Standards, I9U6'' . Limits for mineral constituents

in water are divided into mandatory requirements and recommended criteria.

The mandatory lirdts ere as follown

:

Lead (Pfc) 0.1 ppm
Fluoride (F) 1.5 Ppi"

Arsenic (As) O.O5 ppm
3elenii:uii (3e) 0.05 ppn
Hexavalent chromium C.05 ppm
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Factor

Conductance
(ECxlO° at 25°C)
Chloride, epm
Per cent sodium
Boron, ppm

Class 1

Excellent
To Good

Less than 1,000
Less than 5

Less than 6o
Less than .

5

Class 2

Good to
Injurious

1,000-3,000
5-10

60-75
0.5-2.0

Class 3

Injurious to
Unsatisfactory

More than 3,000
More than 10
More than 75
More than 2.0

(End of quotation)

Actual practice in Ventura County indicates that waters rated as

Class 2 or Class 3> particularly in regard to conductance, are successfully

utilized to irrigate citrus, a relatively sensitive plant. Accordingly, a

method of evaluating the effective salinity of irrigation water, together

with standards based on the evaluation, is presented in Appendix F. The

tentative classification of irrigation waters in Ventura County established

as a result of field surveys in Ventura County is as follows:

Effective salinity in milliequivalepts

Soil Conditions

Little or no leaching of the soil
may be expected

Some leaching but restricted
Deep percolation or slow
drainage

Open soils. Deep percolation
of water easily accomplished

Class
1

Less than 3

Class
2

3-5

Class

3

More than 5

Less than 5



(20)
of Ventura County indicates that more than 75 per cent of the irrigable

lands in this county may be classified as open soils. For this reason water

quality criteria for open soils will obtain throughout this report unless

otherwise stated.

Industrial Use

Allowable concentrations of dissolved minerals in vrater to be

utilized by laundries, textile manufacturing plants, and various other in-

dustries are presented in Table ^i, entitled "V/ater Quality Tolerances for

Various Industrial Urses", The values presented in this table are suggested

in the Progress Report of the Committee on Quality Tolerances of Water for

Industrial Uses, Journal New England Water Works Association, Volume ^h,

19^0. These limits are tentative and serve only as a guide in evaluating

the suitability of water for certain industrial uses. The concentrations

listed are those beyond which treatment of the water is generally necessary.

Specifications suggested by the above-named committee for boiler waters are

more exacting and a separate list of allowable concentrations for that use

is presented in Table 5 entitled "Suggested Water Quality Tolerances for

Boiler Feed V/ater".
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TABLE 5

SUGGESTED WATER QUALITY TOLERANCES FOR BOILER FEED WATER

(Allowable limits in parts per million)

(a)

Pressure (lb. per sq. in.) 0-150 150-250 250-UoO
Over
iiOO

Turbidity
Color
Oxycen consumed / x

Dissolved oxygen

Hydrogen sulfide (Hps) '

Total hardness as CaCO
Sulfate-carbonate ratio

(A . S .M . E
. ) (KapSO)^ : Nag CC^

)

Aluminum oxide
.Silica (oiOg)
Bicarbonate (HCO )

Carbonate (CO. )
^

Hydroxide (OHJ
Total Solids ('^^

pH value (minimum)

(AI2O3)

20



CHAPTER V. WATER QUALITY

This chapter discusses the quality of the grovind and surface waters

in Ventura County. It also includes a discussion of the prospective quality

of imported supplemental supplies which may be made available to Ventura

County in the future. Based upon complete ajid partial mineral analyses, the

character and quality of surface waters and the variation of quality with

changes in flow is derived. The character and quality of ground waters, in-

cluding changes which have occurred in the interval between this investigation

and the investigation reported in Bulletin No. U6 , is also discussed.

Sources and Character of Data

Basic data used to evaluate the quality of water in Ventura, County

include complete and partial mineral analyses of samples collected from wells

and streams during the period 1951 to I958 in the Department of Water Resources

'

monitoring programs, historical data from Bulletin No. k6A of the Division of

Water Resources, and data from files of Fruit Growers Laboratory and of the

Ventura County Farm Advisor. Analyses of samples collected from wells in the

vicinity of Port Hueneme in 195^, and related data obtained by the Division

of Water Resources in a study conducted for Los Angeles Regional Water

Pollution Control Board (No.U) have also been utilized. A total of 2,750

complete and 2,279 partial analyses, exclusive of those published in Bulletin

,
. (2)

No. 4-6A have been used in studies made for this report. The complete and

partial analyses of surface waters are presented in Appendixes A and G,

analyses of ground water are presented in Appendixes B and H, analyses of heavy

metals and trace constituents determined for about 3^+6 samples are presented
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in Appendix B, Tables B-l? and H-l? and partial analyses of selected wells of long

record are presented in Appendix C. Analyses presented in Biilletin Wo. h6A

have not been reproduced in this report.

Complete mineral analyses reported in this bulletin include the de-

termination of calcium, magnesium, sodium and potassium, carbonate, bicarbonate,

chloride, sulfate, nitrate, fluoride, boron, total dissolved solids, electrical

conductance (EC x 10 at 25° C), pH, per cent sodium, and effective salinity.

Partial mineral analyses include determination of chloride, bicarbonate, pH,

and electrical conductance. In some instances, the boron determination was

included in the partial mineral analysis. Analysis for trace constituents in-

cluded the determination of iron, aluminum, manganese, chromium, zinc, copper,

lead, silica, and arsenic. In some instances determinations were also made

for strontium, barium, nickel, silver, tin, molybdenum, and vanadium.

Concentrations of the principal constituents in a complete mineral

analysis are reported in Appendixes A and B in both parts per million (ppm),

a weight basis, and equivalents per million (epm), a chemical equivalent basis.

Exceptions are boron, fluoride, and total dissolved solids, which are reported

in ppm only. To convert equivalents per million to parts per million the

concentration in equivalents per million should be multiplied by the equiva-

lent weight of the ion. To convert parts per million to equivalents per

million the concentration in parts per million should be divided by the

eqiiivalent weight of the ion. Equivalent weights of the principal constit-

uents found in water supplies are presented in the following tabulation:
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the quality of the surface water fluctuates inversely with flow as illustrated

on Plate 9^entitled "Relationship Between Discharge and Total Dissolved Solids

Concentration in Santa Clara River", and Plate 10, entitled "Relationship Be-

tween Discharge and Total Dissolved Solids Concentration in Tributaries of Santa

Clara River". This is because low flows are generally derived from effluent

ground water, which has a greater opportunity to dissolve salts than has rapid

runoff from rainfall

.

Analyses may also indicate fluctuations in quality at similar flows.

For example, samples collected during the early oart of the rainy season gen-

erally contain /greater salt concentration than samples collected at an idcnticc]

flow in the latter part of the season, and a sample collected during the rising

stage of a flood may contain greater salt concentrations than a sample collected

at the saine flow during the falling stage. Thus, the quality of surface water

varies with discharge and time with respect to ooth season and flood crest.

In the following paragraphs the character and quality of the surface

waters are described for each of the stream systems in Ventura County, Ventura

and Santa Clara Rivers, and Calleguas and Malibu Creeks. The locations of

surface sampling points are delineated on Plates 7A, B, and C, entitled "Loca-

tion of Surface and Drainage VJater Sampling Stations", An explanation of the

numbering system used is given in Appendix A.

Ventura River System.

Water of good quality for domestic, municipal, industrial, and

irrigation uses is found in the Ventura River above Foster Park, during periods

of high flow, generally reflecting the quality of the principal tributaries

above this point, namely. Coyote, San Antonio, and Matilija Creeks- However,
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during periods of low flow, these waters may contain concentrations of certain

constituents which render them marginal for irrigation use. This is indicated

by the data presented in Table 6, entitled "Summary of Character and Quality

of Surface Flow in Ventura River System".
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The character of the waters flowing in the Ventura River above Foster

Park generally reflects the character of the three principal tributaries, as

may be observed from the data presented in Table 6. However, the data are

insufficient to correlate in detail the effect of any one of the tributaries

on the parent stream. The predominant cation is calcium at both high and low

flows in nearly all cases, while the anion character is principally sulfate-

bicarbonate. Because of the predominantly calcium character of the flow in

this river, and high concentrations of dissolved salts, the waters are gen-

erally very hard.

Mineral analyses of samples collected during periods of low flow

in Matilija Creek, at a point below the dam, show boron concentrations ex-

ceeding 2.0 ppm prior to December, 1951> when the reservoir filled and

spilled for the first time. After that date, boron concentrations in samples

collected below the dam have varied from 0.1 to 1.0 ppm. Source of this

boron is believed to be water from two springs seeping from Cretaceous

deposits located in an upstream portion of the watershed.

Data were presented in Bulletin No. U6 to show that Wheeler

Springs affect the boron concentration in the flow in the North Fork of

Matilija Creek. Although data collected during this investigation at

station 42-15.6a-0.7 does not seem to confirm this effect, the samples

were collected during periods of relatively high flow and it is probable

that the effect of flow from Wheeler Springs is masked by runoff from rain-

fall on the watershed tributary to the station.

Data presented in Table 6 suggest the flow in Canada Larga at

station U2-^. 5-0.2 to be Class 2 for irrigation use during periods of

high flow and Class 3 during periods of low flow because of the excessive
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dissolved solids and high effective salinity. By inspection of Table Al of

Appendix A it may be seen that tributaries to Canada Larga, namely, Cash,

Sulphur Canyon, and Lion Canyon Creeks, also discharge Dcor quality waters

which are calcium-sodiura sulfate in character. Origin of these poor quality

waters is probably geologic, since the surface watershed tributary to these

streams consists primarily of Pico and Santa Barbara formations , It is known

that gypsum crystals (Calcium sulfate) eire commonly found in these deposits.

The effect of streams such as Canada Larga which are tributary to

the Ventura Hiver belovf Foster Park is evidenced by the data presented in

Table 6 for the Ventura River at station 42 -0. 7- These data indicate that

even the higher flows at this station exhibit effective salinities of suff j

-

cient magnitude to classify the waters as marginal for irrigation use. An

additional effect of discharges to the Ventura River by tributaries below-

Foster Park is an increase in the percentage of sulfate between stations

42-5.9 and 42-0,7-

Rincon Creek and those small stream.s discharging to the Pacific

Ocean between Rincon Creek and the Ventura River have been included in the

Ventura River system. There is a oaucity of data with which to evaluate the

quality of the surface flov; in these streams. However, available analyses

presented in Table Al of Appendix A suggest that waters of Rincon Creek are

of good quality at flows exceeding one second -foot. At flows below this

value, however, the quality appears to depreciate rapidly. V/aters in J^os

Sauces Creek are of very poor quality, at least during periods of low flow.

Hall Canyon Creek, also included within the Ventura River system,

discharr;es to the Pacific Ocean between the Ventura and Santa Clara Rivers .

The analyses of the waters of th J s creek, nresented in Appendix A, reveal
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them to be of poor quality, with excessive chloride and boron concentrations.

As described in Chapter VI, this creek has a history of pollution by oil

brine discharges, which generally contain high concentrations of these con-

stituents. It is considered that the available analyses reflect, to some

degree at least, the effect of the brine discharges and not the native quality

of Hall Canyon Creek.

Santa Clara River System

During periods of relatively high flow, the waters of the Seinta

Clara River and its tributaries are of good quality and suitable for domestic,

municipal, industrial, and irrigation uses. However, during periods of low

flow, certain of the streams exhibit characteristics which reduce the quality

for irrigation purposes to Class 2 or Class 3 and impair suitability for

prevailing uses. In general, the character of both high and low flow waters

is calcium to calci\im-sodium sulfate and the parent stream generally re-

flects the character and quality of its tributaries. However, data are

insufficient to correlate, in any detail, the effect of any one tributary

on the Santa Clara River. Because of the predominantly calcium character,

many of the surface waters are very hard. All available analyses of sixr-

face waters flowing in the Santa Clara River and its tributaries are pre-

sented in Appendix A, Tfebles A2 and G2. Data for certain stations is given

in Table 7, entitled "Summary of Character and Quality of Surface Flow

in Santa Clara River System" . Locations of sampling points are shown on

Plate 7B.
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The quality of the surface waters entering the county in the Canta

Clara River is represented by analyses of samples collected at station ^3-37' 5-

These waters, which typically contain high percentages of sulfate, range from

Class 1 to Class 3 for irrigation use even during periods of high flow. They

may contain dissolved solids concentrations ranging as high as 1000 ppm.

However, boron concentrations are generally within limits for use on even the

most sensitive crops. During periods of low flow the quality of waters at

this station ranges from Class 2 to Class 3 for irrigation purposes with ef-

fective salinities reaching 30 epm, total dissolved solids sometimes exceed-

ing 3000 ppm, and boron conceutrations often greater than 1.0 ppm.

Piru Creek, a major tributary to the Santa Clara River, is gener-

ally a calcium-magnesium sulfate water of only moderate salinity, even during

periods of lov; flow. However, with the exception of periods of flood flow,

waters of this stream contain boron concentrations of such magnitude as to

render them unsuitable for irrigation use on the more sensitive crops.

Analyses indicate that flows as large as 200 or more second-feet must be

reached before boron concentrations consistently become less than 1 ppm.

Source of this boron appears to be, in part, Seymour and Lockwood Creeks

which drain Lockwood Valley. Bulletin No. 46 reports that along the north

side of this valley there are boron minerals, chiefly colemanite, which on

weathering yield boron salts . Analyses of waters derived from springs in

this area indicate boron concentrations as high as 32 ppm. Previous studies

further suggest that not all of the boron in Piru Creek is derived from

Lockwood Valley, since waters from Agua Blanca Creek and other minor streams in

that vicinity contain relatively high concentrations of this constituent.

Sespe Creek, another major trioutary of the Santa Clara River,
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discharges waters containing a relatively low total dissolved solids concen-

tration even during periods of low flow. However, during periods of low flow,

boron concentrations are high. Analyses of samples collected at times when

flows were less than about 30 second-feet indicate concentrations of this con-

stituent usually too high to be suitable for use on citrus, v;alnutG, and other

boron sensitive crops. Inflow from Hot Springs Creek appears to be one of the

wore important boron sources . Of interest concerning the character of waters

of besoe Creek is the higher -lercertage of chloride found during periods of

low flow. While the increased percentage of chloride is accompanied by an

increase in chloride concentration the values are not of sufficient magnitude

to render the waters unsuitable for beneficial uses. Source of the chloride

ap'cars to oe, at least in part, the flov/ from Hot Springs Creek. Four

^ (2)
analyses of this creek Mrescntcd In Bulletin No. hvA show relatively high

concentrations of this constituent. Historically, oil brines have been dis-

charged directly to Sespe Creek and to Tar Creek, a tributaryc V/hile there is

no direct evidence of the effect of these brine discharges it seems probable

that they have contrioutcd to the total amount of chloride in the waters of

Sespe Creek.

Hopper and Santa t'aula Creeks, important tributaries of the Santa

C].ara River, generally discharge water of good quality during periods of high

flow. During periods of low flow, Santa i-aula Creek generally luaintains good

quality, but the waters of Hopper Creek become marginal or unsatisfactory for

irrigation or domestic use.

In addition to the creeks discussed above, there are many small

streams dischnr/ji.ng into the Santa Clara River and its principal tributaries.

On the basis of the scattered analyses ni-csented in 'I'able h2 of Appendix A,
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these appear to have generally poor quality water during periods of low flow.

These minor tributaries include Aliso Canyon, Wheeler Canyon, Adams, North

Tapo Canyon, and Salt Creeks, all tributary to the Santa Clara River; Mud

Creek, tributary to Santa Paula Creek; Little Sespe Creek, tributary to Sespe

Creek; and Modelo Canyon and Holser Canyon Creeks, tributary to Piru Creek.

Data presented in Table 7 for Santa Clara River at station U3-I7.O

indicate the waters of the river at this point to be Class 2 for irrigation

use during periods of both high and low flow. The highest flow for which

analyses are available is 1500 second-feet. The analyses of samples col-

lected at this station during periods of low flow probably represent the

quality of rising water effluent of Fillmore Basin and entering Santa Paula

Basin.

Analyses of the Santa Clara River at station ^3-^' 5 generally

represent the quality of waters which constitute the principal recharge

waters for the Oxnard Forebay Basin, and consequently the Oxnard Plain Basin.

Available data indicate these waters are Class 1 for irrigation use during

periods of high flow, and range from Class 2 to Class 3 during times of low

discharge.

Calleguas Creek System

Many of the streams of the Calleguas Creek system discharge rela-

tively minor amounts of water and flow generally continues only for short

periods of time following rainfall. For this reason, there is a paucity

of data with which to evaluate the quality of surface waters of this system.

In general, data exhibited in Tables A3 and G3 of Appendixes A and G

for Calleguas Creek near the Camarillo State Hospital station ^^'1-6.5,
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suggest that the quality of these waters varies from Class 1 to Class 2 for I

irrigation use, with total dissolved solids concentration ranging from about ||

380 to 1060 ppm, the lower concentration being associated with the higher dis-

charges. Calleguas Creek at station hk-o.'^, above its confluence with Conejo "

Creek, appears on the basis of seven analyses to be of somewhat better quality,

with total dissolved solids concentration generally less than 900 ppm. The X

data available indicate the character of the waters flowing in this creek to

be calcium sulfate.

Analyses of Conejo Creek^ a tributary of Calleguas Creek, at station

iti)._7.9_3 .0 indicate these waters to be of excellent quality with total dissolved

solids concentrations ranging less than 26i+ ppm. However, at station UU-7.9-I2.8

the low flow quality ranges from Class 2 to Class 3, with higher total dissolved

solids and effective salinity values . The cation character of the waters in

Conejo Creek varies from calcium-magnesium to magnesium-calcium,while the anion

character at station 3.0 is bicarbonate -sulfate and at station 12.8 is sulfate.

Analyses of samples collected from Arroyo Simi on March ^ , and I5,

1952, present a rather interesting phenomenon. The sample collected March 7j

at a time when discharge was estimated to be 60 second-feet, contained 679

ppm of total dissolved solids while the sample collected March 15 during a

flow estimated to be 2000 second-feet, contained IU53 ppm total dissolved solids.

The character of both samples was calcium sulfate, the only difference in the

tvro camples being a higher percentage of calcium and sulfate in the March 7

sample. The analysis of a sample collected at this station on April I6, 19?2,

showing over 7000 ppm total dissolved solids, is considered to be effluent

flow from a semiperched zone v;hich exists in the western portion of Simi Basin-

Ajialyses of samples collected from Taoo Creek, a tributary of Arroyo
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Simi, indicates the waters of this creek to be of Class 3 quality for irrigation

and generally unsuitable for domestic use during periods of low flow. As in

the Arroyo Simi, the quality of the flow on March 7, 1952, was considerably

better than the quality on March 15 of the same year although the flow on

the latter date was five times that of the former.

Data collected for Revolon Slough at station Ui^-2.1-1.7 indicate

the water to be of poor quality. However, this slough is primarily used as

a wasteway for the disposal of irrigation drainage from the Oxnard Plain,

and Pleasant Valley ground water basins, and the character of the analyses

for this stream presented in Table A3 of Appendix A strongly suggests that

irrigation drainage represents the primary source of the sample collected.

Malibu Creek System

Data for this stream system are limited to seven analyses presented

in Tables Ah and G^': of Appendixes f aadj;6,r*hree frt)i».Sig-SyKiainor© Greek and three

from Little Sycamore Creek and one from La Jolla Creek. These analyses

indicate the waters to be of good quality and suitable for beneficial uses.

However, both streams discharge waters that are classified as very hard.

Quality of Ground Water

The quality and character of ground waters in Ventura County vary

widely, depending upon the gedlxjglc formations from which the water is der-

ived; the quality of the ground water recharge; the extent to which the

ground water has been affected by pollutants and degradants; and fluctua-

tions resulting from cyclic periods of above normal and subnormal water

supply. The suitability of the ground waters for beneficial use depends
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upon the quantity and type of salts in the water. For irrigation use, suita-

bility depends on soil drainage, climate, and sensitivity of the crop.

In general, much of the ground water in Ventura County is of suitable

or marginal quality for the prevailing beneficial uses although many of the

waters are very hard. For this reason, water softening may be desirable be-

fore use of ground water for domestic and certain industrial purposes. There

is discernible variation in both the character and quality of ground water,

not only between drainage systems but between basins within drainage systems

and aquifers within basins

.

In view of this diversity, the ensuing discussion of ground water

quality has, for simplicity of presentation, been divided into drainage systems

and subdivided into ground water basins, A tabulation of complete mineral

analyses, including a limited number made for trace constituents, of samples

(2)
collected subsequent to the publication of Bulletin No. hSk is presented

in Appendix B, while partial mineral analyses for selected wells are presented

in Appendix C. Appendix H contains analyses made subsequent to 1952.

Ventura River System

Ground water basins within this system include Upper Ojai, Ojai,

and Upper and Lower Ventura River Basins

.

Upper Ojai Basin . In general the ground waters of Upper Ojai Basin

are of good quality and suitable for domestic and irrigation uses. This is

shown by the following data summarizing the values of total dissolved solids,

boron, and effective salinity of samples collected from 12 wells in this basin

during the late fall of I95I and the summer of 1952.
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Ojai Basin . Mineral analyses indicate nearly ail the ground v/aters

derived from this basin to be of good-mineral quality and suitable for the pre-

vailing beneficial uses. On the basis of analyses of samples from 19 wells

collected in 1952, the total dissolved solids content ranges from about ii-50 to

aboui: llUO ppm and averages 61+0 ppm. Effective salinity^ while ranging from

abouT: 3 to over 11 epra, seldora exceeds 6 epm and averages about ii,8 epm>

Boron concentrations are in the order of 0.1 ppm and never exceed 0.4 ppm.

In comparison to the data presented in the foregoing paragraph,

analyses of samples collected from nine wells in 1933 show that the average

total dissolved solids concentration at that time was about i^QO ppm. Thus,

it is Indicated that in an interval of 19 years, the average concentration

of total dissolved solids has increased about 150 ppm in Ojai Basin = This

increase suggests that the inflow of salts to the ground water body may

exceed the disposal of salts therefrom. Sixty-eight analyses of samples

collected during the period 1953 to 1957 from 27 x/elis show this trend of

increasing salinity to be continuing. Although this continuing increase

indicates a possible adverse salt balance, consideration must be given to the

fact that the period of increase has not occurred over an average water

supply period.

Ground waters of Ojai Basin are principally calcium bicarbonate-

sulfate in character although several of the wells, scattered throughout

the oasin, yield waters with bicarbonate concentrations exceeding 50 per

cent of the total anions. In addition, several wells, including Nos.

hn/2Z!-6D3, UN/22W-9B1, and kli
/

-j,k^I -12Y:2 , produce waters with sulfate as

the principal anion and there is one well, No. 5N/22V/-32J3, with a chloride

concentration exceeding 50 per cent of the total anions.
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With the exception of well 6D3, the quality of the water derived

from these wells is somewhat inferior to that of waters found in other parts

of the oasin, as the total dissolved solids content exceeds 1000 ppm. In-

formation is lacking concerning the depth or the deposits encountered while

drilling the three wells yielding poorer quality waters. However, it is

possible that a portion of this water is in some manner derived from older

deposits underlying or bounding the alluvium.

Upper Ventura River Basin. The quality and character of waters

derived from wells in this basin generally reflect the quality and char-

acter of the surface waters of the Ventura River, particularly those found

during periods of high flow. The effect may be seen by reference to Table

8, entitled "Similarity of Quality and Character of Surface and Ground Water

in Upper Ventura River Basin". This close correspondence occuru because

the primary source of recharge to this basin is deep percolation of sur-

face flow in the river. Furthermore, the shallow alluvial deposits, from

which the major portion of ground water in this basin is derived, permit

only limited amounts of carryover storage. Hence, ground water storage

and quality rapidly reflect changes in quantity and quality of flow in

Lhe river.
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TABLE

SIMILARITY OF QUALITY AND CHARACTER OF SURFACE AND GROUND v/ATER

IN UPPER VENTURA RIVER BASIN

Constituents in
percentage equivalents

Ca : Ms Ka :HCO^:SOl.

r : Total :

t Boron 'dissolved :Effective
; : solids • salinity

CI
; ppni ; ppra i epm

Ventura River at

Foster iark (high

flow

)

Ventura River at

Foster -"ark (low

flow)

Average of eight
wells pumping
from alluvium of
Uoper Ventura
River Basin

5if 28 lo i+l Uq 10 0.2 500 h,3

tjU 22 2k kO 39 21 0.5 8^1 6.3

55 25 20 iv3 37 10 0.5 618 U.6

In generaJ. the quality of ground waters produced from this basin may

be considered suitable for domestic, municipal, and irrigation uses. Presented

below are data which reflect the extreme and average mineral quality attributes

of these ground waters = This summary is based upon analyses of 23 samples col-

lected in August of 1952, and April and May of 1953-

Chemical
Property



Analyses made during the period 1953 to 195^ shov/ only minor changes

in quality except for several wells in which the 195^ samples shov?ed improve-

ment in quality.

About 75 per cent of the samples collected in 1952 and 1953 arid,

between 1953 and 195S; indicate that the cation character of the gi'ound waters

is predominately calciujn, although waters of a sodiura-calciuin and raagnesium-

calcium type were derived from a few scattered wells. The anion character

of the ma.jority of the waters varies narrowly betv/een sulfate -oicarbonate

and Dicarbonate-sulfate. There are, however, analyses from two wells drilled

into deposits in San Antonio Creek which show a sulfate character and nine

analyses from wells deriving waters from deposits in Santa Ana Creek, in the

vicinity of Meiner's Oaks and along the east side of the Ventura River above

Oakview, which show a bicarbonate character. Comparison of the locations

of wells of deviating anion character with the areal geology, suggests that

the sulfate waters are derived from shale deposits, while nearly all waters

of bicarbonate character are from wells drilled into the Sespe formation

or adjacent deposits.

The oicarbonate character of waters, produced from the Sesne for-

mation, is indicated by the analysis of soring hl\ / P^^i-ikAl , which emanates

from these deposits. The excellent quality of the water from oh Is snriirg

suggests that waters of the Sespe formation are of good quality near' the

surface. However, data obtained from electric logs of wells drilled into

these deposits suggest that saline waters may occur at depth.

There are two wells located adjacent to San Antonio Creek, which

yield waters with total dissolved solids and effective salinity values

considerably above average. These waters are Class 2 for irrigation use,
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have a sulfate anion character, and are probably derived from Tertiary deposits

such as the Modelo shale and the Vaqueros formations. Hovrever, only a minor

quantity of v^ater is derived from these deposits and their effect on the over-

all quality of the waters in the Upper Ventura River Basin is considered minor.

Lower Ventura River Basin. There are very few water wells drilled

into the alluviuin of this basin and mineral analyses with which to interpret

the quality of the ground water are almost completely lacking. Furthermore,

available analyses present somewhat conflicting information. Analyses of well

3K/23V/-33KI suggest the waters to be of very poor mineral quality, while the

analysis of v/ell 3K/23W-33CI suggests excellent mineral quality. Of signif-

icance, however, is the fact that these samples were collected by bailing the

wells and for an extended period prior to sampling neither of the wells had

oeen pumped. The effect of such a period of idleness is evidenced by the

analyses of well 3N/23V/~33N1 presented in Appendix B, Table B3, wherein

seimples of rather different quality were found at variations in depth of

only 10 feet. These differences may be the result of slow settling of ions

in solution vrith a consequent increase in salt concentration near the bottom

of the well and decrease in concentration near the top.

Discussion presented in Bulletin No. U6^ indicates that concen-

trations of chloride, boron, and dissolved solids in the ground waters of the

oa.sin ma/e the v;aters unsuitable for beneficial use. This is substantiated

oy reports from local farmers and by the electric log of well 2N/23W-5P1,

which suggests salty water to occur for the first 3OO feet. It is further

reported that hydrogen sulfide gas may be found in these waters, particularly

during periods when water levels are lowest, and that the waters often contain

oil.
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Reasons for this poor quality water are obscure, although it is re-

ported that oil field waste disposal practices in the early history of the

Ventura Oil Field may have polluted ground water.

The quality of ground waters derived from the alluvial deposits in

Canada Larga, a tributary of the Lower Ventura River Basin, is shown by the

analyses of well 3N/23W-12D1 presented in Appendix B, Table 83- These waters

are apparently Class 3 for irrigation uses and unsuitable for domestic use.

The source of the poor quality water is considered to be geologic in origin,

since the salts are probably derived from nearby deposits of Tertiary age.

Santa Clara River System

Ground water basins within this drainage system include Piru,

Fillmore, Santa Paula, Mound, Oxnard Forebay, Oxnard Plain, and Pleasant

Valley. The character and quality of ground waters in each of these basins

and the suitability of the waters for prevailing and anticipated beneficial

uses are discussed in detail in the following section.

Piru Basin . Ground waters, derived from the alluvium and under-

lying San Pedro formation within Piru Basin, range in quality from Class

1 to Class 3 for irrigation use. In some instances, certain of the con-

stituents, notably magnesium, fluoride, sulfate and total dissolved solids,

exceed the recommended and/or mandatory limits for domestic use established

in the United States Public Health Service Drinl^ing V/ater Standards. Sum-

marized below are pertinent statistics relative to total dissolved solids,

boron and effective salinity for a series of ssimples collected from 26
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wells during the last week of May, 1952. These data emphasize the variation in

quality in this basin.

Cheraical

i/roperty



total dissolved solids content of these ground waters was about 12^40 pprn in

1S29 compared to an average of I32O ppm in 1952. Direct comparison of analyses

of samples collected from four wells in I929 and I952 indicates that during the

23-year period the total dissolved solids content increased from 1125 to 15^+0

ppm. It is apparent from these data that the ground waters of Piru Basin

have experienced an increase in salt content. However, the magnitude of the

increase indicated is not necessarily a dependable figure since the period

of comparison does not correspond to an average water supply period. Forty-

three analyses of ground water from 26 wells for the period I953-I958 are

presented in Table E-k. These analyses indicate that no significant changes

in quality or character have occurred during this period.

The character of the ground waters of Piru Basin is consistent,

with calcium the most important cation and sulfate the predominant anion.

Studies relating quality and location indicate that the water in the upstream

portion of the basin contains considerably greater concentrations of dissolved

salts than the water derived from the downstream portion. As previously

stated, the quality of surface waters of the Santa Clara River at the up-

stream end of the basin, as evidenced by analyses of samples collected at

Blue Cut, station ^3-3^" 5> is very poor. It is considered probable that the

higher total dissolved solids concentrations found in the upstream part of

the basin reflect the deep percolation of these poor quality siirface waters

.

The lesser quantity of dissolved salts evidenced in the downstream portion

of the basin is considered to reflect, at least in part, the influence of

waters derived from Piru Creek. The effect of the flows in this creek on

ground waters of Piru Basip is emphasized by the high boron concentrations

found in the waters derived from wells located in the vicinity of and
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dovmstream of the mouth of the creek where the concentrations of boron are in'

the order of 1 ppni.

Three of the wells in this basin, Nos , Un/i8W-29F2, UN/19W-25CI, and

3UC2, yield waters of relatively poor quality. The effective salinity of waters

from these wells generally exceeds I6 epm and total dissolved solids concentra-

tions are proportionately high. Water levels in well i4-N/l8W-29P2 are consider-

ably higher than in other nearby wells and the general water table elevation

of the basin = The inference is that the water in this well is supplied from

older de-iosits which form, the southerly boundary of the alluvial deposits.

Concerning the other two wells, similar hydrolcgic data suggest the effect

of ground water emanating from older deposits. However ;, well 25C1, which is

drilled near the mouth of Hopper Creek, may, to some extent, reflect the poor

quality waters which are found in this creek during periods of low flow.

There are available analyses of three wells located outside the

principal water-bearing formations of Piru feisin, but within the drainage area

of the basin Wells Un/i8W-3Q1 and 3Q2 are drilled into the alluvium of Piru

Creek, and well Un/i8W-12P1 into the alluvi\am of Holser Canyon. The waters

derived from the wells adjacent to Piru Creek contain high concentration of

boron. The quality of waters derived from the alluvium of Holser Canyon is

extremely poor with effective salinity values in excess of 60 epm.

Fillmore Basin. Ground waters of this basin, principally derived

from alluvial and San Pedro deposits, vary in quality from Class 1 to Class

3 for irrigation use. P\irthermore, certain constituents in waters from

various parts of the basin, notably sulfate, fluoride<,and total dissolved

solids, exceed the recommended and/or mandatory limits for drinking water.
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To illustrate the quality traits in this basin, there is presented oelo\r a

sujiimary of data secured from analyses of samples collected from kk wells

during the months of May and June, 1952.

Chemical



in 1930 indicate that the average total dissolved solids content in the ground

waters of Fillmore Basin was about 970 ppra at that time. This is compared to

an average total dissolved solids content of aoout 1200 ppm in 1952. Direct

comparison of analyses of samples collected from six wells indicates the average

total dissolved solids concentration to have increased from 660 ppm. in 1932 to

1090 ppm in 1952. However, the foregoing comparisons do not cover an average

water supply period and the magnitude of the increases may not accurately indi-

cate the average rate of increase of salt concentration in this basin. Ninety-

three analyses of ground water from 50 wells covering the period of IS 53 through

1957 are presented in Table H-5- These analyses indicate that no m^jor changes

in ground water quality or character have occurred during this period.

The principal cation in the ground waters of Fillmore Basin is gen-

erally calcium, although analyses indicate that there are a fevf wells producing

waters of a calcium-magnesiujn or calcium-sodiim type. Sulfate exceeds 50 per

cent of the total anions throughout the major part of the basin, although in

ground waters derived from that portion of the basin lying north of Santa Clara

River and west of Sespe Creek the predominant anion is generally bicaroonate.

These waters are of relatively good quality, although two of the wells, Nos.

UN/2OW-25DI and 26PI, have ooron concentrations somewhat in excess of maximum

values recommended for use on sensitive crops. No specific water quality data

are available with which to determine the source of the water of this character .|

A study comparing the quality of the waters on an areal basis revealed

that poorer than average quality waters are found in the southern portion of the

basin and in a limited area south and west of the City of Fillmore. The waters

in the southern portion of the oasin have effective salinities generally exceed-

ing 12-15 epm and boron concentrations in the order of 1 ppm, while the waters
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found in the vicinity of Fillmore have effective salinity values in the order

of 150 per cent of the average for the basin.

Wells in the southern portion of the basin which yield waters of

poor quality are found in Sections 8, 9^ 10 > and 11 of Township 3 North,

Range 20 West. The areal extent of degradation is much more widespread

in this area than in other areas adjacent to the hills flanking the south

side of the Santa Clara River and it is therefore considered that surface

runoff from nearby hills is not the sole contributing factor to the poor

quality.

Furthermore, it has been previously stated that Tertiary rocks

bordering the basin on the south have been eroded by the Santa Clara River,

followed by the deposition of up to about 200 feet of Recent alluvixim.

Most of the wells which yield poor quality water are drilled into this over-

lying alluvium. Available information does not indicate that any of the

wells have been drilled into the Tertiary deposits. It is therefore con-

sidered that in this area there is an upward movement of water from the

Tertiary deposits which is causing at least part of the indicated degrad-

ation.

Ground water movement in this area, as indicated by the contoixrs

delineated on Plate 2, is in a westerly direction toward the main stream

of the basin. At the present time the extent of appreciable degradation

is probably limited by dilution by better quality waters. However, it

is believed that during periods when water levels are drawn doyn in the

main part of the basin, an increased volume of this poor quality water

moves a greater distance Into the basin. It follows that any plan to
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operate Fillmore ground water basin as a ground water reservoir should consider

the effects of this poor quality water on the overall quality of the water of

the basin. m-

The areal extent of the poorer quality water found south and west 6f

the City of Fillmore is in the form of a triangle with its apex near the point

where Sesoe Creek discharges into the Santa Clara River and its base through

the city. The quality of these waters is Class 2 for irrigation use with ef-

fective salinity values in the order of 15O per cent of the average for the

basin.

The source of this inferior quality is obscure. However, available

data suggest two possibilities: (l) percolate from Pole Creek which, based

upon available analyses, discharges waters of relatively poor quality and (2)

discharges to cesspools and septic tanks, possibly within the City of Fillmore,

which over a long period of time may have caused impairment of ground waters

.

Santa Paula Basin. Ground water derived from the Recent and Pleisto-

'cene alluvium and the San Pedro formation in this basin varies in quality from

Class 1 to Class 3 for irrigation use. In some instances, certain of the con-

stituents, notably sulfate and total dissolved solids, exceed the limits for

domestic use recommended by the United States Public Health Service. The

following summary illustrates the quality conditions v/hich exist in this oasin.

The values are computed from analyses of samples from 28 wells collected during

the fall of 1951 and the spring of 1952.
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rise, with increases amounting to as much as 100 per cent of the I928 concen-

tration. In the period between I936 and about 19^5, salt concentrations de-

creased, although not to the I928 level. Between I5U5 and 1952, salt concen-

trations- again reached, and in some instances exceeded, 1935 values. An

attempt was made to correlate quality fluctuations with hydrologic factors such

as rainfall, runoff, and ground water levels. It is indicated that a qualita-

tive relationship does exist, although the data available did not permit the

determination of quantitative values

.

The cation character of the ground waters of Santa Faula Basin is

usually calcium, although several analyses indicate a calcium-sodium character.

The principal anion is sulfate, except for water derived from a very few wells

located near the mouth of Santa Paula Creek. These latter wells have a sul-

fate-bicarbonate character similar to that of the high flow waters of the

creek.

With respect to geographical location, the ground water derived

from the eastern portion of the basin in the vicinity of the mouth of Santa

Paula Creek indicates the effect of the high quality v/aters from this creek

on the underlying ground water.

A fevr wells in this basin produce waters of considerably poorer

than average quality. These include wells 3N/21W-16h1, 28M1, and 3ICI, and

3N/22W-35P1- In the instance of well 16HI, ooservations made in the course

of water level measurements indicate the well to have a leaky casing, sug-

gesting that the waters are being degraded by a poor quality water, possibly

from a localized semiperched body, migrating to the principal aquifer through

the leaky casing. A similar occurrence is suspected in the instance of wells

3N/21V/-31Ci and 3N/22W-35P1. Both of these wells produce waters of Class 3
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quality. They are more than 250 feet deep and yield waters of similar chemical

character to the ground water in much of the remainder of the basin, suggesting

irrigation return water as the source of deterioration. Suitable methods of

construction and abandonment of wells should be developed and utilized in

pressure portions of this basin.

Well 3N/2IW-28MI, mentioned previously as producing waters of poor

quality, is located south of the Oak Ridge fault and adjacent Pico formation.

It seems probable that poor quality waters migrating from these older Pico

deposits are reflected in the water derived from this well.

In addition to the cited instances of poor quality water, the

analyses presented in Appendixes B & H indicate that four wells, Nos. 3N/21W-21B1,

21E1, 21F1, and 21F2, produce waters with boron concentrations exceeding one

ppm. These wells which are located downstream from the sewage treatment of

the City of Santa Paula have been affected by discharges from the plant.

An additional source of deterioration to the ground waters of this

basin is percolation of poor quality surface waters flowing in Wheeler Canyon.

Analyses of two wells, Nos. 3N/22W-2G2 and 3N/22W-11H1, suggest the direct

effect of waters from Wheeler Canyon on ground waters. Both of these wells

produce Class 3 waters with a sodium-calcium sulfate character. The effect

of surface flow from Wheeler Canyon is also evidenced in the quality of well

3N/22W-2i+Rl

.

Mound Basin. The principal deposits yielding ground water to wells

in this basin are of the San Pedro formation, although minor amounts of water

are also derived from the overlying Recent alluvial and upper Pleistocene

deposits

.
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The quality of the waters derived from the San Pedro formation, as

depicted by analyses of samples collected from 15 wells in June and July of 1952,

ranges from Class 1 to Class 3 ^or irrigation use. The total dissolved solids

content ranges from a minimum of 700 ppm to a maximxim of 2,599 PPm, with an

average of 1,211 ppm and a median of 1,113 PPm; the boron concentration ranges

from a minimtun of 0.2 to a maximum of 0.6; averaging 0.4; and the effective

seuLinity ranges from a maximxim of 20.6 to a minimvmi of 7»7 epm, averaging 10.1

epm. The median value for effective salinity is 9-6 epm. The character of

the waters derived from these deposits is generally calcium- sodixim sixlfate.

Thirty-five ground water analyses are available from 20 wells cover-

ing the period since 1952. With but one exception these analyses show no

significant changes in mineral quality or character and do not indicate any

basin-wide trends. The exception is ajialyses from well 2N/23W-5L1 which

show a pronounced increase in chloride ion and total dissolved solids content.

Insttfficient data are available to establish the source of impairment; which

may be poor quality waters from adjacent formations, oil well brines, or sea-

water intiTasion.

Since the soils of this basin are fairly permeable, it is believed

that the waters are usable for irrigation. However, as the concentrations

increase above the average, care must be taken to prevent an undesirable soil

solution condition. Concerning domestic use, certain of the mineral constit-

uents, notably siilfate and total dissolved solids may, in some instsinces,

exceed the limits recommended by the United States Public Health Service.

Information concerning the quality of the waters derived from the

alluvium is limited to one analysis from well 2N/22W-10R2. It would appear

from these meager data that the water derived from the alluvium is of suitable
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quality for established beneficial uses, at least in the vicinity of the

cited well.

In Chapter II, it is stated that the San Pedro deposits vrithin

the lower portion of the Ventura River drainage area are separated from

the overlying Recent alluvium and probably hydrologically interconnected

with the MDund Basin. Available water quality data, although meager, tends

to support this suggestion. This may be seen from aaa inspection of Table

9, entitled "Comparison of Quality eind Character of Waters in Alluvi\un

and San Pedro Deposits of Lower Ventura River and Mound Basin". This

table presents water quality data for high and low flows in the Ventura

River, for waters derived from the alluvium of the lower Ventura Basin,

for two wells deriving waters from the San Pedro deposits in the Lower

Ventura River Basin, and average quality of water from 15 wells producing

from the San Pedro deposits in the MDund Basin. This effect is also

shown on Plate 11, entitled "Mineral Character of Gro\ind Waters, Mound

and Lower Ventura River Basins", graphically illustrating the cheuracter

of these waters. The data indicate that the water from the two wells

producing from the San Pedro deposits in the Ventura Basin is similar

in character and quality to the waters in Mound Basin and differs from

the waters found in the alluviiim of the Ventura Basin and low flows in

the Ventura River.
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Oxnard Forebay Basin. Ground water produced from the Oxnard Foreoay

Basin is derived from Recent and Pleistocene alluvium and the San Pedro forma-

tion. The quality of the waters in these deposits, which are contiguous and

in hydraulic continuity, is generally Class 2 for irrigation use. Analyses

of samples collected from Ik wells in the summer of 1952 indicate a concen-

tration of total dissolved solids ranging from a maximum of 19^ ppm to a

minimum of 838 ppm, with an average of about 1270 ppm, and a median concen-

tration of I2U5 ppm. The boron content ranges from a minimiim of O.3 Ppm to

a maximum of 0.9 ppm with average and median values of 0.6 ppm. The effective

salinity ranges from a minimum of 7-8 to a maximum of 15-3 epm, with an aver-

age of 10.6 and a median of 10.0 epm.

An indication of the quality trend in this ground water basin

during a period of 21 years is furnished by comparison of data presented

in the foregoing paragraph with analyses of samples collected in 1931 • Based

upon 7 analyses, the average total dissolved solids concentration was about

1000 ppm in I93I or about 270 ppm less than the 1952 value. While it appears

that there is a general over -all increase in the salt concentration in this

basin, the period of record does not correspond to an average water supply

period. The magnitude of the difference, therefore, should not be used

to determine the average rate of salt concentration increase.

Seventy-two analyses of ground water are available from 27 wells

covering the period 1953 to I958. These analyses indicate only minor in-

creases in dissolved solids and show no significant changes in quality or

character

.

The character of the ground waters found in the Oxnard Forebay is

generally calcium-sodium sulfate, similar to the high flow waters in the
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Santa Clara River. Since the area is not only recharged under natural conditions

by the Santa Clara River, but also by artificial spreading of this water during

periods of high runoff, the similarity to the surface supply is to be expected.

Oxnard Plain Basin. Ground water produced for beneficial use in the

basin is derived primarily from the Oxnard aquifer, although some water is ob-

tained from the Fox Canyon aquifer of the San Pedro formation, from discontinuous

gravels of the upper San Pedro formation and, in minor amounts, from the Santa

Barbara formation and Quaternary alluvium. In addition there is a semiperched

ground water body in permeable deposits overlying the clay cap which confines

the Oxnard aquifer. These latter waters are of poor quality and there are no

known wells which intentionally derive water from this zone.

Nearly all wells for which analyses are presented in Appendix Tables

B, B9,and H-9 produce from the Oxnard aquifer. However, there are analyses

available for three wells pumping from the Fox Canyon aquifer, one well deriving

water from miscellaneous gravels of the upper San Pedro formation, and two wells

producing from the Quaternary alluvium. To indicate the quality of the waters

from these aquifers, the results of a series of samples collected during the

summer of 1952 are summarized "n the following tabulation.

Source and
chemical property Maximum Minimum Average Median

Oxnard Aquifer (8l analyses)

Total dissolved solids, ppm
Boron, ppm
Effective salinity, epm
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Analyses of samples collected in 1931 from 27 wells producing from the

Oxnard aquifer indicate that the average total dissolved solids content in that zone

was about 85O ppm at that time. When this figure is compared to the 977 ppm average

for 1952, it is apparent that there has been an increase in the salt concentration

in the waters of this zone. The Oxnard aquifer is confined, as previously discussed

and is recharged primarily by subsurface movement from the Oxnard Forebay Basin.

It is, therefore, not subject to quality fluctuations characteristic of free ground

water aquifers which are recharged directly by deep penetrating rainfall and per-

colating surface waters of variable quality. It will, however, show an integrated

reflection of changes in the Oxnard Forebay Basin, which is subject to variations

in quality related to both time and hydrologic conditions. One hundred thirty-six

analyses of water from 66 wells producing from the Oxnard aquifer and covering the

i^eriod 1S53 '^^o 195*^' are presented in Table H-9 of Ar3pendix H. Except in the vicin-

ity of Port Hueneme where sea-water intrusion is continuing, the analyses show no

significant changes in quality or character. However, the trend of increasing salt

concentration within this zone appears to be continuing.

The most important cation in the waters of the Oxnard aquifer is calcium

generally followed by sodium, although certain wells, particularly in the area north

of the City of Oxnard, yield waters with magnesium as the second most important

cation. Sulfate is in nearly all instances the predominate anion, although a fevf

wells located adjacent to the line delineated as the boundary between Pleasant

Valley and the Oxnard Plain Basins, have sulfate concentrations of less than 50

per cent of the total anions with bicarbonate as the second most important anion.

This is oelieved to be, at least in part, the result of pumping from a series of

continuous or discontinuous lenses of water-bearing deposits recharged principally

from the alluvial and Upper San Pedro deposits of adjacent Pleasant Valley Basin.
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studies relating the quality of water in the Oxnard aquifer with

f.eographical location indicate that waters found in the area between the City

of Oxnard and the Cxnard Forebay Basin and adjacent to the periphery of the

Oxnard Forebay Basin are generally inferior in quality to those waters found

in the balance of the aquifer. This may be seen from the data presented In

the following tabulation.

Total dissolved Effective salinity
Basin or



of Oxnard Plain in order to maintain the water level belovr the root zone of

crops. Analyses of samples of these seraiperched waters, collected near points

of discharge of drainage water, are presented in Taole 10, entitled "Mineral

Analyses of Drainage V/ater from Coastal Plain of Ventura County" . The locationf,

of sarapling points used are delineated on Plate "JB.

Inspection of Table 10 will indicate that the waters of the semi-

perclicd body are similar in character to the waters derived from the Oxnard

aquifer; hov/ever, they are Class 2 to Class 3 quality for irrigation use and

generally unsuitable as a domestic supply. It is apparent that the serai-

perched ground water body represents a potential source of degradation to

the valuable aquifers which underlie it. This water may gain access to the

underlying deposits through improperly constructed or abandoned wells or

through the lenticular sands and gravels which tend to increase the perme-

ability of the cap. At the present time there is no direct evidence of

degradation of the Oxnard aquifer by water of the semiperched body. However,

it is suspected that waters from this source are contributing to the poor

quality waters found adjacent to the zone of recharge and in the vicinity of

well 1N/22W-11C2 which evidences high total dissolved solids and boron

concentrations

.
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Pleasant Valley Basin. Ground waters of the Pleasant Valley Basin

are derived from Recent and Pleistocene alluvium; the San Pedro formation,

of which the principal aquifer is the Fox Canyon aquifer; and to a limited

extent, the Santa Baroara formation and Miocene volcanics. The interpre-

tation of the character and quality of the ground waters derived from each of

these water-Dearing deposits is difficult because of the widespread practice

of multiple zone perforation of wells and the folding, faulting, and rapid

thinning of formations

.

To summarize the quality of the waters in the water-bearing de-

posits wherein data are available, there is presented in the following tab-

ulation the maximum, minimum, average, and median values for total dissolved

solids, ooron, and effective salinity for a series of samples collected from

19 wells during the summer of 1952.

Chemical
property Maximum Minim\Jin Average Median

Q.uaternary Alluvium (7 analyses)

Total dissolved solids, pom
Boron, pom
Effective salinity, epm

San Pedro Formation (4 analyses)

Total dissolved solids, ppm
Boroii, pprn

Effective salinity, epm

Fox Canyon Aquifer (7 analyses)

Total dissolved solids, ppm
Boron, ppm
Effective salinity, epm
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The foregoing data show that, in general, the quality of the waters

derived from the San Pedro formation and the Fox Canyon aquifer are Class 1

to Class 2 for irrigation purposes. However, certain constituents, notably

sulfates and total dissolved solids, generally exceed the recommended limits

for domestic use. Comparison of the quality of waters in relation to geo-

graphic location indicates that waters derived from the northern and eastern

portions of the basin are generally of better quality than those extracted

from the central and the southwestern parts

.

Eighty ground water analyses from 50 wells in Pleasant Valley

Basin covering the period 1953 to 195^ are presented in Table H-l^^- of

Appendix H. These analyses show no significant changes in the general char-

acter or quality of the waters of this basin.

Available data indicate that the quality of the water obtained

from deposits of Quaternary alluviiim is generally unsuitable for domestic

and/or irrigation use. Individual exceptions to this may occur, however,

as evidenced by the analysis of well 2N/20W-33Q1 which produces water of

good quality. Source of the poor quality water found in this deposit is

obscure, but it appears probable that irrigation return is a factor.

The character of the ground waters of this basin varies T^rLdely,

not only between aquifers, but within aquifers. Generally, the cation

character is calcium-sodium, although several wells yield waters of a

sodium-calcium character and a few waters show relatively high magnesium

percentages. The predominant anion is usually sulfate, although sulfate-

bicarbonate and bicarbonate waters are not unusual, particularly in the

northern portion of the basin.

Comparison of the character of the ground waters of this basin
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with respect to geographical location and direction of ground water movement,

suggests the influence of inflow from Las Posas and Santa Rosa Basins on the

character of ground water of Pleasant Valley. The influence of inflow from

Santa Rosa basin is particularly noticeable because of the relatively high

percentage of magnesium found in the waters from that basin. Over -all studies

of ground water in Ventura County indicate that waters derived from volcanic

formations nearly always contain a high percentage of magnesium. This char-

acteristic provides a convenient indicator with which to trace the movement

of waters emanating from volcanic formations . The influence of runoff from

the volcanic formations which form the southeastern border of the basin is

indicated by analyses of well 2N/20W-33Q1- While the character of water ex-

tracted from this well is similar to that emanating from Santa Rosa Basin,

hydrologic conditions are such that the hills forming the southeastern border

of the basin are the only possible source for water extracted from this well.

Calleguas Creek System

Ground water basins within the Calleguas Creek System include Simi,

East and West Las Posas, Conejo, Tierra Rejada, and Santa Rosa Basins.

Simi Basin. The principal water-bearing deposits in Simi Basin

are Recent and Pleistocene alluvium. Underlying and flanking the alluvium

are semipermeable deposits which yield some water to wells . These include

volcanics, the Sespe formation, the upper and lower Llajas formations, the

Santa Susana -Martinez formation, and Cretaceous sandstones. In addition, con-

siderable quantities of water are imported to the basin from Santa Barbara

deposits found in Tapo Canyon which is within the drainage area tributary
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present conditions of deficient water supply in this valley it is anticipated

that this condition will not only continue but becorae increasingly severe.

The situation is further complicated by the existence of a poor

quality semiperched ground water body in a portion of the westerly end of the

basin. This water body serves to prevent dispersion of the salts in irriga-

tion return waters. While this protects iirmiediately underlying vmter, it

results in serious degradation at points where the semiperched water com-

mingles with the pr-ncipal ground water body in the alluviiim. This effect

is demonstrated by the very poor quality water found in Section 8j T. 2 W., R.

18 W, beyond the westerly extent of the semiperched body. The existence of

the poor quality semiperched water indicates the necessity of careful well

construction and abandonment within the areal extent of the semiperched

water body to prevent further deterioration of the principal ground water

body from this source.

There is a paucity of data relative to the quality of the waters

derived from the older deposits which bound and underlie the alluvium.

However^ waters derived from the Sespe formation appear to oe Class 1 and

Class 2 waters and suitable for both domestic and irrigation use, at least

within the limited depths from which water is extracted in this basin. The

quality of water derived from the other formations ranges from Class 1 to

Class 3 and varies widely in character between deposits . The effect of

these variations is reflected in the seemingly erratic quality and char-

acter of water found in the eastern part of the basin. In this region

many of the wells produce from both the alluvium and an underlying forma-

tion and it is believed that quality and character fluctuations reflect

the influence of water from deeper formations

.
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In the latter part of the recent period of subnormal water supply, the

water level in Simi Basin was lowered to such an extent that the alluvium was

dewatered in part of the eastern area. For this reason, samples collected during

this time may be considered representative of waters derived from deeper deposits

It appears that water pumped from Cretaceous deposits is of good quality, at

least within the limited depths of wells in this valley, while the water derived

from the Santa Susana-Martinez formation is variable in quality ranging from

poor to good in quality.

There is evidence of dissolved hydrogen sulfide in waters extracted

from six wells located in the southern and eastern parts of the basin. These

wells, Nos. 2N/17W-9F1 and SQ3, and 2N/i8W-1UD2, 15F1, 15J5, and 16g2, derive

all or part of their supply from older deposits. The presence of the gas, to-

gether with lower than average sulfate content and higher than average bicar-

bonate concentrations, suggests the occurrence of sulfate reduction by bacteria

of genus Desulfovibrio. The existence of this gas in concentrations normally

found in water subjected to sulfate reduction has little effect upon its suit-

ability for agriculture use, although it will impart a disagreeable taste and

odor to the v/ater

.

The limited data available indicate that ground waters derived from

the Santa Barbara formation in Tapo Canyon are of good quality and suitable

for prevalent beneficial uses

.

East and West Las Posas Basins

.

Ground water extracted for bene-

ficial use in the Las Posas Basins is derived primarily from the Fox Canyon

aquifer of the San Pedro formation. However, some water is also pumped from

the Epworth gravels, an upper member of the San Pedro formation found primarily

in the northern part of the basin; from the Grimes Canyon aquifer, which
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criteria established for both domestic and irrigation use. Conversely, v;ater

derived from the Quaternary alluvium appears to be of poor quality and generally

unsuitable for most beneficial uses . The quality of water produced from the

upper San Pedro formation ranges from Class 1 to Class 3 for irrigation use.

It is noted that many of the wells, particularly those penetrating only to

shallow depths in the formation, yield waters of good quality

Thirty-seven analyses of ground water from 30 wells in the Los Posas

Basins are available for the period of 1953 "to 195&' These analyses shov/ no

significant changes in general quality or character of the ground waters,

However, it is notable that 10 of Ik analyses of waters from the San Pedro

formation showed total dissolved solids content of less than 700 ppm. during

this period.

The mineral character of water derived from the Epworth Gravels

is generally calcium-sodium bicarbonate while the character of water produced

from the Fox Canyon aquifer ranges from calcium bicarbonate in East Las Posas

Basin to calcium-sodium bicarbonate -sulfate in West Las Posas Basin. It is

noted however, that a majority of veils yield waters of calcium oicarbonate

character. Waters derived from the Grimes Canyon aquifer range in character

from calcium-sodium sulfate to sodium, bicarbonate, while waters derived from

the undifferentiated San Pedro formations vary rather widely in character

from calcium sulfate to calcium-sodium bicarbonate. Waters derived from vhe

alluvium are generally calcium sulfate to calciuin-sodium or calcium-magnesiuir'

sulfate in character. With minor exceptions, the bicarbonate anion charactc.--

indicated above is peculiar to basins in the Calleguas Creek system, vrith the

result that the influence of ground waters moving from the Las Posas Basins

on the character of the ground waters of the northwestern portion of Pleasant
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Valley Basin is readily discernable.

Studies relating the quality of waters from each of the aquifers

or formations on an areal basis revealed little significant information.

However, the wide difference in quality between the waters of the Quaternary

alluvium and those derived from deeper formations indicates the necessity

for the promulgation and utilization of adequate standards for well con-

struction and abandonment

.

Santa Rosa Basin. Ground water of Santa Rosa Basin is derived

from three formations: Recent alluvium, Miocene volcanics, and the San

Pedro formation. The latter formation can be divided into two parts, one

of which is probably the equivalent of the Fox Canyon aquifer, which may

be traced in the western portion of the valley. The other part is gener-

ally silty and is found throughout the central and eastern portion of the

valley. The silty deposits include lenses of sand and gravel which con-

tain extractable ground water.

Data tabulated below from a series of samples collected during

the summer of 1952 indicate the general quality of the waters derived

from each of the three water-bearing formations.

Source and
chemical property Maximum Minimum Average Median

San Pedro Formation (7 analyses)

Total dissolved solids, ppm
Boron, ppm
Effective salinity, epm

Volcsuiic Formation {k analyses)

Total dissolved solids, ppm
Boron, ppm
Effective salinity, epm

-115-

8U2



Source and
chemical property Maximum Minimuni Average Median

Recent Alluvium (l analysis)

Total dissolved solids, ppm 719
Boron, pom 0.6
Effective salinity, epm 6.2

The data indicate that gj'ound waters of Santa Rosa Basin are of good

quality and suitable for prevalent beneficial uses. The most imfjortant catio ,

in nearly all of the ground water of this valley is magnesium, and in nearly

all instances the predominant anion is bicarbonate.

Twenty-two additional analyses of ground water from 12 wells within

this basin are available covering the period 1953 to 1958 and are presented

in Table H-13 of Appendix H. These analyses show no significant changes in

water quality or character.

Tierra Rejada Basin. Ground water in the Tierra Rejada Basin is

derived almost entirely from highly fractured volcanic rock. Availaole

analyses indicate water nroduced from these rocks to be of excellent quality

and suitable for nrevalent beneficial uses. The maximum total dissolved

solids concentration is less than 600 parts per million, effective salinities

are generally less than 5 epm, and the boron content is less than O.k ppm.

The cho.racter of ground water is magnesium-calcium bicarbonate, illustrating

tlie high magnesium nercentage typical of water derived from volcanic forma-

tions in Ventura County.

Conejo Basin. Ground water in Conejo Basin is principally derived

from fissures and weathered zones in the volcanic rock, although water is

i'^^n '.roriuced fi'Oip. (.Idcr ;4cd i.mentary formations, sucii as the :^odeIo and

Topanga sandstones and shales. The alluvium in this basin is very
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thin and not considered significant as a source of ground water.

The quality of waters extracted from the volcanic, Topanga, and

Modelo formations is presented in the following summary, based upon sample?

collected in June and July, 1952

»

Source and
chemical property Maximum Minimum Average Median
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The character of ground water produced from the volcanic formation

generally ranges from magnesium-calciurd bicarbonate to calcium-magnesium oicar-

bonate. The character of waters derived from the Modelo and Topanga formation;:

varies from calcium-magnesium bicarbonate to magnesiuia-calcium sulfate, v;ith the

ooorcr quality v/aters usually being calcium sulfate in character.

In this basin the preponderance of poorer quality water is found in

the vi<;inity of Section "-j, T. 1 N., W, IS' W., where water is derived from the

Topan.";a and Modelo formations

.

i'-iall >u Crcel< oystem

Information concerning ground water quality in this drainage systen

is limited to analyses of sampies collected from a few of the wells drilled

in Hidden and Russell Valleys. The scarcity of available data permits only a

genera] evaluation of the quality and character of the ground waters

,

Ground waters of hidden Valley are derived primarily from fissures

in volcanic rocks and from overlying alluvium. The quality of ground water

anpears to be good, with total dissolved solids concentrations less than 800

ppm, effective salinity values less than 6 epm, and boron concentrations less

than 0.5 ppm. The character usually varies from calcium bicarbonate to cal-

cium-magnesium oicarbonate.

Ground vraters of Russell Valley are produced from alluvium, volcanic,

Toranga, and Itodelo formations. These vmters range in quality from Class 1 to

Class 3 for irrigation use, with total dissolved solids concentrations ranging

from about UOO oo 280O upm, and effective snUnity values ranging from about

2.5 to over ?£> cpm. Insufficient data are available to enable differentiation

of the quality of water from different deposits or to determine sources of poor
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quality waters. The character of ground water in this valley varies from

sodium bicarbonate to calciuin-magnesium sulfate.

Quality of Prospective Imported
Supplemental Suppli e

s

On the oasis of presently planned future water supply development

in California, there are two possible sources from which a supplemental water

supply could be imported into Ventura County. These sources are the Colo-

rado River, from which water could be imported through facilities of The

Metropolitan v/ater District of Southern California, and surplus v/aters from

northern California to be conveyed in the facilities of the authorized

Feather River Project of the State of California.

Colorado River Water

Either natural or softened Colorado River v/ater could be imported

into Ventura County, depending on the location of the connection made to

the Metropolitan Water District System. The mineral quality of the treated

and natural waters is indicated by the analyses presented in Table 11,

entitled "Mineral Analyses of Natural and Softened Colorado River V/ater".

These data indicate that the natural waters have sodium-calcium sulfate

character similar to that of many waters of Ventura County, particularly

in the Santa Clara River valley, and are of better quality than most of the

ground vrater in Ventura County. The softened water is sodiurn sulfate in

character, with a total dissolved solids concentration nearly the same as

that for the unsoftened water. The softened water has a high sodium per-

centage and would therefore be less desirable for prolonged irrigation of

certain crops

.
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San Joaquin Valley - Southern California Aqueduct System

The San Joaquin Valley - Southern California Aqueduct System author-

ized by the Legislature in 19^1 provides, among other things, for the export

of surplus waters available in the Sacramento-San Joaquin Delta to areas of

deficiency in southern California. Water will be transported to the San

Luis Reservoir for storage an,d regulation prior to delivery to the San

Joaquin Valley service area and to southern California.

A study of the mineral quality of water which may be expected

under the most adverse conditions has been made. In this study, an evalu-

ation of the effect of the San Luis Reservoir water to be delivered south

has been made. These studies reflected the effect of evaporation losses

in the reservoir but canal losses were assumbed to be negligible. As a

result of these detailed studies, it was found that the water to be deliv-

ered to southern California under the most adverse conditions would not

exceed a mean monthly value of 300 ppm total dissolved solids, kO ppm

chlorides, and 15O ppm total hardness. The mean annual value of water

diverted for use in southern California based on the mean of an historic

eight-year drought period is 200 ppm total dissolved solids, 30 ppm

chloride, and 100 ppm total hardiless. The mineral character of the water

will be calcium bicarbonate with each constituent less than 100 ppm.

Detailed Information on recommended limits for other constituents is

presented in Chapter III of Bulletin No. 3:> "The California Water Plan",

State Department of Water Resources, May, 1957-

On the basis of these studies, it is apparent that northern Cali-

fornia surplus waters planned for export to southern California will be of
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better mineral quality than any of the existing water supplies In Ventura County

The cation character will be calcium similar to most of the waters In Ventura

County. The anion character, however, Is bicarbonate as opposed to sulfate whlci^

Is predominate In most of the water supplies In Ventura County. This difference

should not cause or create any problems or difficulties upon mixing.

Quality of Tidal Waters

Tidal waters In Ventura County consist almost entirely of saline

waters from the Pacific Ocean. The mineral quality of these waters Is typified

by the following analysis of a san^ile collected from the ocean near the Inter-

section of West 5th Street and Beach Road, Ventura County, In May, 1953'

Cations epm ppm ' Apions epm ppm

Ca



wastes is such that their effect upon the mineral quality of tidal waters

is negligible.

Sanitary wastes are discharged to the ocean, via ocean outfalls,

by the cities of Ventura and Oxnard, the Port Hueneme Sanitary District,

and the U. S. Naval Construction Battalion Center at Port Hueneme. Sani-

tary wastes from the U. S. Naval Air Missile Test Center are discharged

into tidal waters of Mugu Lagoon. The effect of these discharges on the

mineral quality of tidal waters is insignificant but their effect upon

sanitary quality is important. The los Angeles Regional Water Pollution

Control Board has adopted waste discharge requirements for all discharges

except those by the naval installations. At this time the discharges to

tidal waters do not appear to have adversely affected beneficial uses.

However, as the population grows and larger areas are sewered, the dis-

charges of wastes to tidal waters will increase, with attendant pollution

problems

.

Summary

During periods of high flow, the quality of waters in the sur-

face streams of Ventura County is generally suitable for nearly all bene-

ficial uses. However, during periods of relatively low flov/-, certain of

these streams contain siAfficient concentrations of total dissolved solids,

or of a particular constituent, notably boron, to render them marginal or

unsuitable for some uses . Streams which contain high concentrations of

total dissolved solids include Canada Larga, Hopper Creek, Santa Clara

River near Blue Cut, Arroyo Simi, and Tapo Creek. Streams which contain

high concentrations of boron during lov/ flow periods include Matilija,

Sespe, and Piru Creeks.
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The quality of ground water derived from Recent and Pleistocene de-

posits in Ventura County ranges from suitable to unsuitable, with the pre-

ponderance of the waters becoming of marginal quality for prevailing beneficial

uses during periods of below normal water supply. For domestic, municipal, and

industrial uses the ground waters are, almost without exception, "very hard".

Waters of good mineral quality are generally produced from the Miocene volcanics

in Conejo, Tierra Rejada and Santa Rosa Basins. Waters derived from normally

semipermeable Tertiary deposits, which are capable of yielding only minor

quantities of water, are generally of very poor quality and contain high con-

centrations of calcium and sulfate.

In areas where antecedent data are available, it is indicated that

the quality of ground water has deteriorated measurably during the past 20

years . In nearly all of the 17 ground water basins in Ventura County there

are areas of good quality water and areas of very poor quality water. There

are notable areas of good quality water in Conejo, Ix)s Posas, Ojai, Santa

Rosa, and Tierra Rejada i3asins. Specific areas v/here the quality of ground

water is such that it is essentially unusable include the Recent alluvial

deposits of the Lower Ventura River Basin and the semiperched ground water

body of the Oxnard Plain Basin. Poor quality waters in other basins ran^e

from marginal to coirpletely unsuitable. The extent of such poor quality water,

however, is usually confined to localized areas.
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CHAPTER VI. WATER QUALITY PROBLMS

Deleterious effects on the quality of water are generally mani-

fested as a consequence of surface and ground water deficiencies^ lack

of drainage, ajnd improper disposal of wastes. Problems of water quality

are common to nearly all other water problems. In order to provide for

the maximum beneficial uses of the available water supplies^ thus mini-

mizing the necessity for the importation of costly supplies from other

areas of the state^ it is necesssiry that every practicable effort to

maintain the existing quality of locally available waters be made.

Man's development has characteristically exerted an adverse

effect upon the native quality of waters. Most uses of water by man,

for irrigation, for instance, as well as for the disposal of sewage and

industrial wastes, add pollutants to the waters with resultant deteri-

oration in quality. Hence, as these uses increase, the necessity for

adequate treatment and disposal of waste waters becomes increasingly

imperative if the quality is to be maintained at satisfactory levels for

the higher beneficial uses. This is particularly true in areas of de-

ficiency, for the quality of imported waters must be maintained at suf-

ficiently high levels to permit necessary re-use.

In numerous coastal ground water basins normally containing

fresh water, overdraft conditions have resulted in the intrusion of sea

water into the aquifers, the natural \inderground formations which store

and transmit water. This has been caused by reversal of the natural sea-

ward ground water gradient due to excess of pumped extractions over the

natural ground water replenishment. The restoration of basins wtiich have
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been lost to sea-water intrusion, or to any other type of impairment, will be

a long process - if possible at all. Saline water must be physically removed,

either by pumping or by maintenance of favorable gradients for an extended

period.

Potential sources of quality degradation from deep connate brines

and adverse salt balance also exist. Connate brines are ocean waters that

were trapped in ground water basins which were inundated ii? past geologic

periods

.

Salt balance refers to that desirable condition wherein the amount

of soluble salts entering a basin is balanced by the amount of salts leaving

a basin, either by natural disposal, sewage outflow, or by pumping for export.

The extent of adverse salt balance in ground water basins is not known at the

present time, due to the lack of long-term records of mineral analyses.

In the process of drilling and altering wells, improper methods are

being employed in many instances. Such practices may result in an inadequate

seal between strata of usable and unusable waters, thus allowing interchange,

and degradation or pollution of ground water. Lack of adequate surface seals

may permit inflow of inferior surface waters with consequent damage to ground

vfater quality. Likewise, failure to seal abandoned wells, or improper seal-

ing when attempted, may result in pollution of ground water. These problems

are rapidly becoming more serious as older well casings deteriorate and are

abandoned and the drilling of new wells continues at an unprecedented rate.

Disastrous results may be caused by disposal of inadequately treated

sewage and industrial wastes to streams and to ground water basins. Waste

disposax problems may arise not only from liquid-borne wastes Dut also from

disposal of garbage, refuse, and industrial wastes. Every effort must be made
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to maintain the quality of available waters by appropriate planning for, and

control of, the treatment and disposal of wastes, giving consideration to the

effect of such waste disposal upon future planned uses as well as the present

uses of the receiving waters. To this end the Legislature in 19^9 created

the State and 9 Regional Water Pollution Control Boards to exercise authority

over the disposal of wastes.

Problems of water quality may be broadly classified as resulting

from (l) degradation from natural causes, or (2) impairment as the result of

cultural development. This chapter discusses the various sources of impair-

ment and degradation which have altered or may, in the future, affect the

mineral quality of surface and ground waters of Ventura County.

Degradation from Natural Sources

Degradation from natural sources results in the deterioration of

surface and ground water supplies through the introduction and commingling

of native waters of poor quality. In Ventura County, such poor quality

waters usually exist in marine sedimentary deposits of Tertiary age or

older. Because of the tightness of the older soils and formations, these

deposits have not been entirely leached of the more soluble salts . In

some instances, these waters may be connate waters which have been released

by changes in hydrologic or geologic cond.itions.

Surface and ground v/aters in Ventura County have been subjected

to degradation by natural sources in many instances . Boron concentration

in the low flow of several streams is above the safe limit for irrigation

use on highly sensitive crops. Several of the smaller creeks and streams

in Ventura County discharge waters containing high salt concentrations,

particularly during periods of low flow.
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Basins v;here ground water has been degraded by poor quality v.'aters

from natural sources include Upper Ojai, l^iru, Fillmore, and Santa Paula Easins.

There are three v/ells in the eastern end of Upper Ojai Basin which have been

degraded oy high chloride waters. In PLru Basin, in the vicinity of the mouth

of Firu Creek, ground waters occur which (;ontain high concentrations of boron.

To the south of Piru, Fillmore, and Santa Paula Basins, there are wells v/hlch

apparently have been degraded by ground vraters moving from the older formations

oounding these basins. In addition, it seems probable that some degradation

of ground v/aters in nonpressure areas has occurred as a result of deep perco-

lation of poor quality waters near the mouths of the numerous small streams.

Impairment as a Result of Cultural Development

In the normal processes of day-to-day living in any developed area,

wastes which may have a degrading effect on the quality of surface and ground

waters are produced. These wastes include irrigation return water, effluents

from industrial operations, sev^age, and miscellaneous wastes produced by the

population inhabiting the area. Continued pumpage and utilization of water

from ground water basins may result in adverse salt balance. Intrusion of

saline ocean water may occur in aquifers outcropping under the sea if piezo-

metric levels are depressed below sea level for protracted periods.

Irrigation Return Water

Evaporation and transpiration consume much of the water applied to

irrigated crops with little or no effect on the quantity of dissolved minerals

originally contained in the water. As a result, the portion of applied v/ater
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which percolates below the root zone contains a higher concentration of dis-

solved minerals than the water from which it was derived. It has been esti-

mated that the salt concentration in this residual water ranges from two to

over eight times that in the water originally applied. This effect prevails

despite the precipitation of certain salts, as described in Appendix F,

"Evaluating the Quality of Irrigation Waters in Ventura County"

.

In Ventura County, where large land areas are devoted to irrigated

agriculture, the percolation and commingling of irrigation return water

with underlying ground water supplies can result in appreciable degradation

of the over -all quality of the ground water. Derivation of the magnitude of

such degradation involves determination and analysis of a large number of

variables. Intensive studies leading to definition and solution of the

intricate chemical relationships involved are presently being accomplished

by the Department of Water Resources. The over-all effect of the n\;unerous

known or suspected sources of degradation are described by using the con-

cept of salt balance, as discussed later in this chapter.

In basins where free ground water table conditions prevail, such

as Piru, Fillmore, and Ojai Basins, irrigation return water percolates

directly to, and commingles with, the underlying ground water. Degradation

attributable to this source is, therefore, fairly evenly distributed over

the basin. Its effect is usually recognizable as a gradual increase in

the salt concentrations of ground waters as they move downstream under the

prevailing hydraulic gradient.

In areas where semiperched bodies of water occur, as on the

Oxnard Plain and in Pleasant Valley, Simi, and Las Posas Basins, irriga-

tion return water percolates to a semiperched water zone and remains as a
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body of poor quality water vhich may affect underlying aquifers containing

waters of better quality. Degradation of good quality water may occur by sla

percolation through tight, materials underlying the semiperched zone, movement

around discontinuous clay lenses which support the semiperched zone, and/or

interconnection of aquifers through broken well casings, improperly construct

or abandoned wells, or gravel-packed wells.

Ground water basins in Ventura County wherein degradation is consid

ered to have occurred as the result of the downward migration of irrigation

return water include Oxnard Plain, Santa Paula, Mound, Simi, and Conejo Basins

In Santa Paula Basin three wells yield v;ater which may have been degraded by

poor quality semiperched water migrating to the principal aquifer, apparently

through casing leaks in the wells

.

In the Oxnard aquifer of the Oxnard Plain Basin, ground waters be-

tween the City of Oxnard and the Forebay Basin, and on the periphery of the

Forebay Basin, are generally inferior in quality to those waters found through-

out the balance of the aquifer. It appears that this inferior quality may be

due to the downward movement of semiperched water through the clay cap. Inter-

connection of aquifers by wells improperly constructed or abandoned may also

contrioute to the degradation of the water in the Oxnard aquifer

Ground waters in the alluvium of the western part of Simi Valley

appear to have been degraded by semiperched waters moving downstream from a

limited pressure area which exists in this basin. It also seems possible that

poorly constructed or aoandoned wells have allowed ingress of poor quality semi

perched water at other points in the pressure portion of this basin. Some

deterioration from irrigation return water may also have occurred in the

oJdcr To-ann-.f! o.nd Modclo formations which occur in Conejo Basin.
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From the foregoing discussion it is apparent that wells improperly

constructed or abandoned and wells with leaky casings are providing a conven-

ient route through which semiperched waters may migrate to and deteriorate

the mineral quality of important ground water aquifers in Ventura County.

It appears that appropriate action should be taken to establish standards

for the construction and abandonment of wells in areas where interconnection

of aquifers may result in degradation of ground waters.

Sevage

Sevrage is defined in the Water Code as "any and all waste sub-

stance, liquid or solid, associated with human habitation, or which con-

tains or may oe contaminated with human or animal excreta or excrement,

offal, or any feculent matter". The organic increment normally associated

with sewage can be readily reduced or removed by treatment. However, the

contribution of dissolved mineral salts resulting from the utilization of

water for domestic purposes is not removed by ordinary treatment processes.

According to Publication No. 9 of the California State Water Pollution Con-

trol Board, entitled "Waste Water Reclamation and Utilization", the incre-

ment of total dissolved solids contributed to domestic sewage will, on

the average, range from 100 to 3OO ppm. In areas where sewage treatment

and disposal facilities result in planned or incidental recharge to ground

water, some deterioration in ground water quality will undoubtedly occur.

The principal sewage .treatment plants in Ventura County are

listed in Table 12, entitled "Sanitary Sewage Treatment Plants, Ventura

County", together with pertinent information concerning plant facilities,

method and volume of discharge, and effect on receiving waters. The
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locatioiio O.I;' the v. rluur; plant:; ure dslineated on Plate 12, entitled. "Oil

Fields nd \f ate Dinch- rge Lccl tion:;" . Miner.v.l and sanit-j-ry anclyaej of

the plant effluents are presented in Table D.3 oi' / ppendix i).

The Los ruigele.-j Re.gional wc.,ter Pollution Control Board h;,s pre-

crlbed v; ate di.schar,D;e :oe.- uirementa for all :,;ew; ge tref.-tment plantc except

the City of Ventura and the United States naval instullatiors . In all Cosen

where dischc-rgea ire to lind the Bocrd has also prescribed ground water

monitoring progrc;in3 to determine the effects of the discharges on receiving
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As stated, domestic use of water adds on the average between 100 and

300 ppm total dissolved solids. The estimated incremental quantities of salts,

in sewage annually discharged in such a manner that it can percolate to economi-

cally important ground water bodies in the Ventura River, Santa Clara River,

and CalD.eguas Creek systems, are presented in the following tabulation. In

the instance of sewage treatment plants, discharge volumes based upon metered

flows were used where available. In other areas, estimates were aased upon

the average increment, average sewage disposal of 70 gallons per capita per

day and population estimates as obtained from a report to the County of

Ventura entitled "Ventura County Waste Disposal Study".

Estimated quantity of salts
discharged

tons per year

Source of discharge Minimum Maximum

Ventura River System Above Foster Park

Ojai Sewage Treatment Plant 50 Ik^
Cesspools and septic tanks k^ 13^

TOTALS 95 280

Santa Clara River System Above Oxnard PD.aln Basin

Santa Paula Sewage Treatment Plant



It is apparent from the foregoing tabulation that, in the areas con-

sidered, discharges to cesspools and septic tanks constitute the principal nietho

of disposal of sewage. V/hile the over-all effect of these disposals is certain

to result in deterioration of ground water, it is considered that the individual

effect of discharges to private disposal systems on the mineral quality of re-

ceiving waters is of minor significance. On the other hand, the concentration

of effluent discharges from community sevage treatment plarts may have a

noticeable effect upon ground water in the vicinity of the discharge.

The only sewage treatment plants in Ventura County discharging large

quantities of sewage effluent to streams or percolation ponds are the Cities

of Fillmore, Ojai, and Santa Paula, the Saticoy Sanitary District, and the

Camarillo State Hospiteil. The discharges of the Cities of Ojai and Santa

Paula, the Saticoy Sanitary District, and the Camarillo State Hospital were

investigated and memorandum reports were made to the Los Angeles Water Pollution

Control Board (No. k) in June and July, 195^- As of the date of sur>/ey, it

did not appear that degradation of groxmd water had occurred as a result of

these discharges. In the Santa Paiola and Ojai Basins, however, recent mineral

analyses of ground water indicate that mineral concentrations have increased

in ground waiters below the effluent disposal site. It is probable that the

higher concentrations of dissolved salts are due, at least in part, to dis-

charges from these plants.

A memorandiim report was also made in March, 1955> to the Los Angeles

Water Pollution Control Board (No. k) concerning the proposed waste discharge

from the City of Fillmore sewage treatment plant. The effects of this dis-

charge on the receiving waters are not yet known.
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Industrial Waste

The production, manufacture, or processing of many marketable goods

results in the production of waste materials or solutions requiring disposal.

In some instances, industries by means of reprocessing can evolve a market-

able product from such wastes. In the majority of cases,, however, disposal

of the waste is made by the most convenient and economical means available,

commensurate veith public welfare.

The mineral quality of wastes may r8.nge from innocuous vrastes

containing little, if any, dissolved or water soluble salts to wastes con-

taining acids, caustics, toxic substances or high concentrations of minerals.

Where these latter wastes are disposed to land, especially in areas where

movement to surface streams or percolation to economically important ground

water bodies may occur, pollution or contamination m.ay result. In areas

such as Ventura County, where the quality of much of the water supply is

marginal, the addition of such wastes may ultimately render the water

supply unfit for domestic or irrigation use.

Industries in Ventura County which produce waste containing rela-

tively high concentrations of dissolved minerals include the petroleum in-

dustry and citrus, walnut, and vegetable processing and packing plants.

Other sources of degradants are the by-products of the regeneration of

industrial and domestic water softeners, and salts leached from industrial

and domestic wastes which have been deposited in dump sites. The methods

of disposal and their effect on water supplies have been the subject of

investigations and reports by the former Division of V/ater Resources and

the Los Angeles Regional Water Pollution Control Board (No. U). In the
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paragraphs to follow there is presented a summary of information found as a result

of these surveys and such additional data as were gathered in the course of the

investigations for this report.

Oil Industry. One of the major industries in Ventura County is the ex-

traction of oil from subterranean formations. Coincident with this extraction, a

waste water which usually contains high concentrations of dissolved minerals and

small quantities of oil is obtained. Newly drilled oil wells generally have a

low production of brines in relation to their oil production. However, as a well

or a field grovfs older, the brine production generally increases and oil production

decreases. According to figures obtained from the State of California, Division

of Oil and Gas, oil production from the 15 oil fields of Ventura County during

the period July 1, 1951^ to June 30> 1952, exceeded 37 million barrels. Waste

production for the same period was estimated to exceed eight million barrels.

In an investigation of oil waste disposal practices in Ventura County

for the Los Angeles Regional Water Pollution Control Board, it was found that

ultimate disposal of oil field waste waters could be made to the Pacific Ocean,

to injection wells, or to sumps or stream channels. When properly controlled,

the first two disposal practices cause no pollution of fresh or saline waters.

The disposal of oil field waste waters to permeable stream channels or to un-

lined sumps can be a serious pollution hazard to both surface and ground water.

Statistical data respecting discharges are summarized for each of the

oil fields in Ventura County in Table 13, entitled "Summary of Oil Waste Disposal

Data, Ventura County". Disposal practices, areas of disposal, and effects on

receiving waters are summarized in Table Ik, entitled "Oil Waste Disposal

Practices, Ventura County". Typical mineral analyses of oil brines are presented
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in Table 15, entitled 'TjTio^l Mineral jinalyses of Oil Field Wtsteo, Ventura

County". Tliese latter data indicate the highly mineralized character of the

waste

.

In the report entitled "Ventura County Oil W=ste Investigation",

June, I95U, prepared for the Los Angeles Regional Water Pollution Control

Bocrd by the former Division of Water Resources, it was estimated that the

brine disposed of annually contained approximately 27,^+00 tons of salt. It

was concluded that the disposal of oil field waste w ters in the South Mount .in,

Sespe, Bardsdale, Piru, Temescal, and Simi Oil Fields and the unconfined dis-

charges and spill from sumps in portions of the Ventura Avenue, Ojai, and

Santa Paula Oil Fields constituted a threat of pollution to ground waters

in Ventura County.

Acting on the data and conclusions reached in these reports the

Regional Board took immediate steps to correct discharge practices which

were considered as a source of pollution or ;- threat of pollution. In

virtually all cases improper waste disposal practices were voluntarily

corrected by the industry. V/herever appropriate, waste discharge require-

ments have been prescribed by the Regional Board.
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Citrus Packing Pl--.nts . In order to inhibit L.poilsge, cjtruo fruit ij

w£shed, cleaned, given fungicidsl tre'jtment, and . final rince uri^;r to p;tckinfi

for shipment. Agents cororoonly urjed in this ti-eattnent v.re "Red 3t- :>' Cryox.ali;",

soap, bcrax. scda '-oh, 3odiu>n hypochlorite, -^r.d "Decco''. Thei^e r.gents muy be

used alone or in combination.

V.'oKtes from citrui.; packing plants consist of w;ter ndxcd with the

vs.riou3 chemical agents used to f. cilitate wi^shing snd fungicidal treatment.

Discharges consist primarily of dumping of i-he final rinse tankc; and occa-stonal

draining of washing tanks. Mlnersl analyses of various types of packing pl^nt

wastes are presented in Table l6. entitled "Mineral Analyses of Citrus Packing

Plant V/astes". The d-.ta in this table reveal a considerable variation in the

chemical composition of the different types of wastes. Total dissolved solids

range from over 2^1.000 ppm for borax treatment zo 2,700 ppm for "Decco" treat-

ment. The pH ranger; from 1.8 for "Decco" waste to over 10 for combinations of

soap and "Red Star Crystals". It is noted that all of the wastes with the

exception of that from the "Decco" treatment contain high concentrations of

boron and a high percentage of sodium. Boron concentrations exceeding one

part per million have ^n adverse affect on boron sensitive crops, and the effect

of sodium, degr-'idation can assume widespread proportions. It Is apparent that

packing plant wastes have a serious potential effect upon the quality of ground

water.
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T/.BLI'. 16

MINERAL AW/d.YSES OF CITRUS PACKING PLANT WASTES'

(Constituents in parts per million)

Type cf waste

,| Calciiim

ij Mignesium

i

Sodium
Pot -- 3 s iuni

Hydroxide
Carbonate
Bic^irbonate

Chloride
Sulphate
Nitrrce
Boron
Bor.x (Bi^O )

Tot'l solids
Tot ,1 hc.rdne:

'H Sodium

Bor-v.x

Soda y.sh

i:,nd hypo-
chlorite

1.8



In 1951, there were 28 citruij packing plants in operL'tion in Ventura

County. Two of these plants discharged their waste to cesspools, lU to neo-rby

stream channels, and seven to community sewer systems with ultimate disposal

to pond or f.tre.ra. Five plants discharged waste into sewers with ultimate

disch;-rge to the Pacific Ocean. It vis estimated th.t roughly 8 tons of bcron,

l.i| tons of chloride, and 12.75 tons of sodium were annually disposed to land

by citrus packing plants.

The report prepared by the Regional V/ater Pollution Control Board

recommended en investigation to be undertaken by the citrus industry to develop

ssfe and permanent me^ns for the disposal of v/aste water produced from packing

plants in Ventura County on an industry-v^ide basis. As a result of this report,

the industry foraied a V7r;ter Pollution Committee of the Ventura County Citrus

Packing /.ssociatlon to investigate ways and means of reducing or eliminating

deleterious materials from the wtste discharges. The cooper^stlon of the

pc- eking plants in this effort to protect water qu .lity is demonstrated by the

fact that five of seven plants formerly using boron processes changed to

cleaning a.gent3 containing little or no boron.

W. ste discharge and disposal practices for each packing plant whose

w-ste may hive an effect on the quality of w;-ter is presented in Table I7

entitled "Significant Industrial Waste Disposals, Ventura County - June

195'^"- Locations of the discharges are delineated on Pl-^te 12.
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Water Softener Regeneration Wastes. As has been stated, the waters of

Ventura County are generally very hard. Total hardness concentrations nearly

always exceed 200 ppm and values exceeding 600 ppm are not uncommon. Hardness

in water utilized for domestic and industrial purposes requires excessive

quantities of soap and causes scaling of boilers and plumbing fixtures. Ex-

cessive cost and inconvenience have resulted in increased use of ion exchange

type water softeners

.

There are two general types of ion exchangers, cation exchangers and

anion exchangers. The cation exchangers may be subdivided into hydrogen cycle

exchangers and sodium cycle exchangers, while anion exchangers may be divided

into weakly basic exchangers and strongly basic exchangers. Of these ex-

changers only the sodium cycle softener is extensively utilized, the other

softeners having only limited industrial application at the present time.

The sodium cycle softener removes calcium and magnesium ions from solution and

replaces them 'V'ri.th sodium ions. Vfnen the capacity of the exchange medium

(commonly called zeolite) has been reached, it is regenerated by permitting

the material to come in contact with a highly concentrated sodiiim chloride

solution.

In general, the two regeneration systems in common usage are the

central regeneration system and the privately-owned system. In the former,

a commercial agency rents water softeners to domestic and commercial estab-

lishments. The exchange medium is periodically replaced with the used material

which has been regenerated at a centrally-located plant. Privately-o^med

softeners are normally regenerated by the owner. Wastes from the regeneration

process include the backwash used to remove silts and fines from the exchange

material, the regeneration solution, and rinse water used to remove the

regeneration solution from the exchange medium.
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Typical mineral analyses of waste from both centrally-regenerated

and privately-oxmed softeners are given in Table l8, entitled "Mineral

Analyses of Water Softener Regeneration Wastes". These data indicate that

the regeneration solution and the predominate portion of the rinse wastes

contain extremely high concentrations of sodium, chloride, ajid total dis-

solved solids. Backwash waste water, however, appears to be little. im-

paired in quality.

157-



s





V/aste discharges from ion exchange type water softening units were

investigateo. and reported upon to the Los /mgeles Regional Vfater Pollution Con-

trol Board (No. '4), in 1955.' ^y the former Division of V/ater Resources. In

this investigation, it wp.s found thiit there are four central regeneration plants

discherging wastes v/hich could ultimately c.ffect the cuality of w&ter supplies.

Two plants, the Culligan Soft V/uter Service in Santa Paula and Ojai, discharge

to the Santa Paula and 0.jai sev;age treatment plants, as previously sta,ted,

discharges f.-om these sewage treatment plants percolate to eeonomicully impor-

tant ground ^-rater bodies . Th.e other tv/o central regeneration plants dispose

of wastes in areas where percolation to use.ble ground water dees not appear

probable

.

Recent ordinances passed by the cities of Ojai and Santa Paula re-

strict the discharges of water sof":ener wastes to the respective sewerage

systems. Tb.ese ordii-iances were drafted and adopted in order to reduce the

mineral content in the effjuent. from each of the sewage treatment plants to

meet the RegionEd Watr;r Pol?ution Contr'.:'l Boo.rd requirements.

Pertinent data concerning central regeneration plant discharges in

Ventura County are presorted in Table I7 "Significant Industrial Waste Dis-

posals, Ventura Councy". Regeneration wastes from privately-owned softeners,

both domestic a.nd industrial, are usually discharged to the sewage disposal

system used for other wastes, either cesspool, septic tank, or a community

seveT-age system.

Estimates of the quantities of salt in regeneration wastes dis-

charged annually to areas where deep percolation to economic jlly imoortant

ground v;ater bodies is possible are p-i^esentcd in T ble I9, entitled "Esti-

m^.ted G^aantities of '.."i-ter Softener Regeneration Wastes Effectively Discharged
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to Land in Vent\ira County". These estimates were based upon sales by salt

companies, reports from central regeneration plants, and specifications for

regeneration of softeners, combined with statistics obtained from census

reports and previous svirveys of water softener density.

TABLE 19

ESTIMATED QUAIWITIES OF WATER SOFTENER REGENERATION
WASTES EFFECTIVELY DISCHARGED TO LAITO IN VENTURA COUNTY^

Stream
system

Salt as NaCl usee' for regeneration, in tons per year

Totals
Central

regeneration
plants

Domestic
units

Industrial
uiiits

Ventura River



which is sodium chloride in character, is by discharge to seepage ponds, cesspools,

streams, or sewers.

Waste disposal practices of walnut packing plants were investigated

and reported upon by the Los Angeles Regionail Water Pollution Control Board

(No. k) in January, 1953. ^^ '^^^ time of the survey, there were six walnut

packing plants in operation in Ventura County, with ultimate discharge of waste

to land areas subject to percolation. The quantity of waste and method of dis-

charge of each plant is given in Table 17- Location of discharge points is

shown on Plate 12. It was indicated that about I3.6 tons of sodium cliloride

per year is contained in the waste from walnut packing plants.

Refuse Disposal. One of the common means of disposal for solid,

semi-solid, and liquid wastes is dumping in areas essentially unsuited for

alternate development to dxomp sites. Wastes range from solid inert materials,

such as earth and concrete, to noxious industrial liquid wastes containing

high concentrations of dissolved saJ.ts, acids and caustics. Wastes include

the combustible and noncombustible refuse and rubbish produced from house-

holds and commercial establishments. It is apparent that, if waters of the

State are to be protected from pollution by such wastes, care must be taken

in the selection of dump sites and in the projjer operation of dumps.

Dump sites have been classified by the Depaxtment of Water Resources

on the basis of the geology, hydrology, and topography. Based upon recom-

mendations made by the former Division of Water Resources, in 1952, the Los

Angeles Regional Water Pollution Control Board (llo. k) , in Aiogust, 1953^

adopted "Tentative Objectives for Prevention and Control of Water Pollution

with Respect to Disposal of Wastes on Land in Ventura County within Los

Angeles Water Pollution Control Region". Tlie tentative objectives classified
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dump sites as follows:

"Class I - DISPOSAL SITES

Sites located on nonwater-bearing rocks or underlain by isolated
bodies of unusable ground water, v^hicii are protected from siirface

runoff and where s-'orface drainage can be restricted to the site or
discharged to a suitable wastevay, and where safe limitations exist
with respect to the potential radius of percolation.

CLASS II - DISPOSAL SITES

Sites underlain by usable, confined, or free ground water when
the minimum elevation of the dump can be maintained above antici-
pated high ground water elevation, and which are protected from
surface runoff and where surface drainage can be restricted to
the site or discharged to a suitable waste-jvay.

CLASS III - DISPOSAL SITES

Sites so located as to afford little or no protection to usable
waters of the State .

"

The Regional Water Pollution Control Board designated typical

wastes which could be disposed of in each class of disposal site. In

general, all types of waste may be disposed of in Class I sites. Class

II sites may receive ordinary household refuse and rubbish and all

materials approved for disposal in Class III sites. Garbage may also be

accepted at Class II sites, provided such disposal does not conflict

with local public health laws. The only materials suitable for disposal

in Class III sites are innocuous, relatively inert, wastes such as dirt,

concrete, and plaster.

Dump sites in Ventura County were investigated by the Los

Angeles Regional Water Pollution Control Board (No. k) , in September,

1952. It was found that nine dumps in the county are either owned or

operated by the County of Ventura. These include the Ojai, Saticoy,
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dumps. In addition, four dispocvj.! sites are opei-ated by the citien oi' Ver.tu:.':
,

Oxrii.rd; Santt ?.'.;ula, i.nd Filltnore . No priv;:tc dump citeo v/ero four.-l •^••- ;

the Gurvey

.

Inx'o:c*m-tion concf^rnin,^; the r:i,:;.3ificafcicn of the;^e :-;ite-j . nd the

materi; l;j dunrped or disposed ::f is j)rc.;ented in Tahle l"f, and xiito i.c.ciation:;-

s.re delineated on Plate 12. • i'ound that all dumps receive both oom-

buGtible and noncorabustib;! ' and refuse and that the major portion of

the v;j3te ccmprised these tw- cj.;' .lia;; of materi; 1. /,1I dw.ns practice burn-

ing to reduce the volwce of w-3te materi:.!. Diapoaal of garbage was practiced

only at the City of Oxnard dumo site. A county ordinance prohibits the dis-

po3?-l of garbage to county owned or operated dumps.

(Miscellaneous VJaste Discharges. This category includes a relatively

small number of discharges, such as hog fc.rm wastes, metal cleaning wastes,

fruit and vegetable processing w; stes. and .ramonia manufacturing wastes. In-

formation concerning these discharges is presented in Tcble 17, and locations

of points of disposal .re delineated on Plate 12.

Sea-Water Intrusion

The qui.lity of the w ter contained in a coastal ground water basin

may be adversely sffected by the intrusion and admixture of sea water. In-

trusion may take place when wr-ter-berring deposits along the seaward or

bay-v/ard margins cf ground water basins .re in direct contact with the ocean

or bay floor t the :;hore line, <.r extend beneath the ocean floor,

Intru.~ion can occur only when the pressure head of sea water
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exceeds that of the fresh ground water, a condition usually resulting when

ground water levels are lowered to or below sea level by excessive piimping

of wells. When the hydraulic gradient within a ground water basin slopes

seaward, ground water movement is toward the ocean; conversely, ^^dth a

landward slope, inland movement of sea water occurs. The slope and di-

rection of the hydraulic gradient is established by measurements of the

depth to water in observation wells

.

It has been shown that mineral analyses of certain of the wells

in the Oxnard Plain Basin in the vicinity of Port Hueneme evidenced higher

concentrations of chloride and dissolved solids than found in other waters

of the Oxnard aquifer. Wells affected in summer, 1957> included Nos.

1N/22W-19H1, 20E1, SOKl, 20R1, 21L1, 21L2, 28d1, 29A2, and 29C1. Complete

mineral analyses of samples collected from these wells are presented in

Appendix B. Partial, mineral analyses are presented in Appendix C.

A thorough study of this portion of the aquifer reduced the

probable sources of chloride degradation in the ground water to one or

more of the following:

1. Sea-water intrusion through the Oxnard aquifer.

2. Percolation or leakage through poorly constructed
wells, defective casings, or abandoned wells, by

a. Irrigation return water and other poor quality

waters from the semiperched ground water body.

b. Sea water which has intrnxded into the semi-

perched grouiad water body.

To differentiate between sea water and semiperched water, Plate

13, entitled "Mineral Character of Ground Water in the Vicinity of Port

Hueneme and Point Mugu", has been prepared. Anion constituents only
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were used on this charts since cation constituents are subject to character

changing influences, such as cation exchange. This plate shows the anion con-

stituents, expressed in per cent, in the degraded water and in the two apparent

sources of degradation. Anion constituents in ground water from these wells

prior to degradation are also plotted on this plate. The indicated soirrce of

degradation of ground water pumped from wells in the vicinity of Port Hueneme

and Point Mugu was sea water. The character of the anion constituents in

the degraded water plots almost in direct line between water samples repre-

sentative of the native water and sea water. There is no apparent influence

of the semiperched waters.

In an effort to distinguish between the methods by which sea water

is enabled to enter the aquifer, consideration was given to the hydrologic

and geologic conditions existing in the area of intrusion. As described in

Chapter II, the Oxnard aquifer appears to outcrop in the submarine canyon

near Port Hueneme. P-urthermore, the semiperched zone extends under the

coastal sand dunes to the ocean. Thus, from the geologic standpoint, sea

water may enter either of the water-bearing zones. Before sea-water in-

trusion can occur, however, the hydraulic head of sea water must be greater

than that prevailing in the aquifer.

Information obtained from the studies of Division of Soils of the

University of California at Los Ai'igeles is of significance in analyzing the

data available regarding the semiperched v/ater body. It is indicated that

the elevation of the semiperched water table throughout the Oxnard Plain is

above sea level, with the hydraulic gradient sloping toward the ocean, thus

precluding sea-water intrusion in this zone.

A trough of piezometric v^ater pressure levels depressed below
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sea level has existed continuously in the Oxnard aquifer since 19^9^ a con-

dition conducive to sea-water intrusion. The correlation between below sea

level piezometric elevations in the Oxnard aquifer and saline intrusion,

is indicated by Plate Ik, entitled "Chloride Ion Increase - Well 1N/22W-29A2'

On this platej, the hydrograph of well 1N/22W-20R1 is plotted, together with

the average -weekly chloride concentration in well 1N/22W-29A2, both per-

forated in the Oxnard aquifer.

Inspection of this plate will show that diiring the period when the

water level in well 20R1 was lowest, the rate of increase in chloride con-

centration in the ground water was greatest, once degradation became

initiated. As an example, during the period from September l,to December

13, 1951, water levels in well 20R1 slowly rose from about l4 feet to

about two feet below sea level, and the increase in chloride concentration

in well 29A2 averaged 3.9 parts per million per day. In the subsequent

period, December I3, 1951, to Wfeirch I9, 1952, water levels were slightly

above sea level eind the increase in chloride concentration was reduced

to about 1.5 parts per million per day.

Although it appears contradictory that the chloride concentra-

tion should have increased while the water level in the key well was

slightly above sea level, this condition exists because the top of the

Oxnard aquifer is between 80 eind 120 feet below sea level. At this

depth, because of the difference in density, the elevation of fresh water

must be more than two feet higher than sea level in order to effect a

balanced condition. Since there exists a seaward hydraulic s2ope in the

semiperched ground water body, it appears from the correlation between

water levels in the Oxnard aquifer and the increase in chloride ion
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concentration, that sea water is entering directly into the Oxnard aquifer

through ocean floor outcrops. ^9

As of December, 195^^ about 930 acres in the Oxnard Plain were under-

lain by waters degraded to 100 ppni chloride by sea water. By the summer of 1957,

this area had increased to 1,550 acres. The extent of saline intrusion in the

Oxnard aquifer is shown on Plate 15, entitled "Areal Extent of Sea-Water Intru-

sion, Vicinity of Port Hueneme". The advance of sea-water intrusion into the

Oxnard aquifer, as estimated by the detection of 100 parts per million chloride

in wells, has averaged approximately 1,200 feet per year in a northerly direction,

eind 700 feet per year in an easterly direction since 1951-

Prevention of sea-water intmision in this aquifer may be accomplished

by reversal of the hydraulic gradient, either by decreased pumping or by in-

creased recharge, or both.

Salt Balance in Grovmd Water Basins

The use of ground water storage capacity in conserving and regiilating

both local and imported water supplies, particiilarly those supplies intended

to be used consumptively by irrigated agriculture, requires a consideration of

the salt balance involved in the use and re-use of the available supplies.

Salt balance refers to that desirable condition wherein the araount of soluble

salts entering a basin is balanced by the amount of salt leaving the basin --

either by natural disposal, sewage outflow, or by piomping for export, waste

disposal, or drainage.

As man develops an area he disturbs the existing salt balance by

changing the nat\iral regimen of groixnd water flov?- and by adding salts in wastes

permitted to percolate. If the change in the natural regimen results in a
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condition of adverse salt balance, the total tons of dissolved solids in the

ground water will increase. This increase in total salt content vrill, in

time,, he compensated by an increase in the quantity of salts leaving a basin

through piunping or natural drainage, and the basin will eventually reach

equilibrium, although at a greater average salt content.

The problem of salt balance exists in most of the developed ground

water basins of California, and must be considered if the basins are to re-

tain their important place in conservation and utilization of the water in

the State. The solution involves induced drainage of water from the basins

in amounts sufficient to maintain satisfactory mineral quality therein.

The amoiont of water so drained away vrill constitute a demand on the de-

veloped water supply.

PracticeuLly all natural waters contain mineral salts of calci\im,

magnesium, sodiiam, and potassium in varying amounts, present in the waters

in the form of carbonates, siHfates, nitrates, and chlorides. After appli-

cation of water on the land, that part which is not consumptively used and

which does not drain off on the surface, will percolate to the main body

of ground water in free ground water basins. Minor amoxmts of salt com-

pounds will be utilized in plant gro^rth and conversely, percolating water

\rill dissolve or absorb other salt compo\xnds in passing through the soil

between the s\irface and the water table.

Under natural conditions most ground water basins tend to fill

vrith water and to overflow in the lower portions, thereby flushing out

soluble salts contained in water originating on the tributary watershed

and overlying lands. When aquifers in the basin are tapped by wells, the

pumping draft lowers ground water levels to such an extent that in many
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cases the nat\iral flushing of the basin ceases. Since the pumped vater is

largely used on overlying lands^ soluble salts accumulate within the basin

and tend to degrade the quality of the ground water in storage. If the situ-

ation is such that no discharge of water from the area, either surface or sub-

surface, occurs, the concentration of salt compounds in the remaining water

will become so great in the course of time as to inhibit its use as a source

of water supply. This is particularly true in the case of irrigation supplies,

as crops generally have rather low tolerance for dissolved salts.

In general, a favorable salt balance can be established in the given

area by deliberately inducing outflow of water from the area in such amount

that the total quantity of mineral salt exported is equal or greater than the

quantity imported. Under these conditions, the long time mean quantity of

salts is maintained relatively constant. The maintenance of such balance, or

the removal of a total amount of salt from an area exceeding the salt input

to the area (termed "favorable salt balance") does not necessarily imply lack

of damage to the lands and crops. It is also important to determine whether

a favorable salt balance is being maintained in the root zone of the irrigated

crops, as accumiilations of salt compounds in that zone will prevent the suc-

cessful culture of many irrigated crops.

In previous portions of this chapter various soiorces which may

contribute concentrated salt solutions to sirrface and ground waters have been

enumerated. The cum-ulative effect of these contributions is dependent upon

the relative concentrations in the waters forming the mixture. The usual

result is an increase in the concentration of the various mineral constituents

in the receiving waters. When discharged into a surface stream, salts are

rapidly carried away. However, since ground water moves slowly, contributed
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salts are not so rapidly discharged or diluted. It is also possible for

salts to be contributed to ground water at a rate greater thein the capa-

bility of the aquifer to transmit, dilute, and discharge them.

Safe ground water yield is defined as the maximum rate of ex-

traction of water from a ground water basin which, if continued over an

indefinitely long period of time, would result in maintenance of certain

desirable fixed conditions. One of these conditions is, that water

levels are not so lowered as to cause permanent accum\J.ation and concen-

tration of salts or pollutants, whether from siirface percolation of wastes

or from subsurface intrusion of water of \mdesirable quality. Overdraft

is defined as a condition of development under which extractions from

the ground water reservoir produce an adverse effect or series of effects.

If development of a basin occurred to the extent that an adverse salt

balance resiilts in the accumulation and concentration of salts and pol-

lutants, an overdraft condition would exist. Thus, overdraft for any

particular ground water basin must be defined in terms of the conditions

existing for that basin at a specific time.

In Chapter V, data were presented indicating that ground waters

in many of the basins of Ventura County were of marginal quality for many

of the prevailing beneficial uses. Furthermore, in basins where sufficient

antecedent data were available to compare with recent analyses, it is

indicated that there has been, during recent periods, a meas\rrable deter-

ioration in quality. It would appear that an adverse salt balance may

exist in these basins.

Identification of the source of such adverse balance, the

quantity and rate of accretion, the quantitative expression of foreseeable
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results, and the formulation of recommendations for correcting or alleviating

the effect of adverse salt balance, vri.ll require the maintenance of detailed

records of mineral quality of water for a considerable period of time.

Santa Felicia Dam on Piru Creek was completed in 1955^ ^nd Casitas

Dam now under construction is scheduled to begin storing water during the

winter season of 1958-59 • Numerous other plans for the development of water

supplies in Ventura Cotmty have been advanced. These works, when constructed,

will alter the natural regimen of surface streams and groiind water basins ejid

may affect the maintenance of salt balance.

Sumiaary

The surface and ground waters of Ventura County are, in the course

of their movement to the ocean, subject to degradation from natural sources

and to pollution from sewage and industrial wastes. Furthermore, development

of water supplies has altered the regimen of many of the basins and in some

instances resiilted in deterioration of water quality.

The surface waters of Ventura County are subject to degradation by

highly mineralized waters flowing from hot springs and by poor quality efflu-

ent groiind water. Runoff from rainfall on certain of the geologic deposits

in Ventura County contains high concentrations of boron. This has affected

the quality of certain streams, \n.th parti cvilar reference to low flows, to

the point of becoming marginal for irrigation use. Natural degradation of

ground water is accomplished primarily through deep percolation of poor

quality surface waters and by the subsurface movement of highly saline waters

from marine deposits of Tertiary age.

As the result of man's development of the siirface and groxond waters
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of Ventura Coxmty, deterioration and/or pollution has occurred. A large

portion of Ventiora County has been developed for irrigated agriculture.

Irrigation return water with high mineral concentrations has commingled

with native ground waters and resulted in increased salt concentrations

.

Numerous industries have been developed in Ventura Co\inty. Certain of these

industries discharge wastes as a result of their processes. These can,

upon commingling with gro'ond waters, result in excessive degradation.

Included among these wastes are oil industry vrastesj fruit, nut, and

vegetable packing wastes 3 and water softener wastes. Commercial and do-

mestic rubbish and refuse are disposed to dump sites, together with certain

of the more noxious industrial wastes. If these wastes are disposed of in

an improper manner, salts may be leached, resulting in a degrading effect

on ground waters. Waste discharges from many of these sources have been

investigated by the Department of Water Resources for the Los Angeles

Regional Water Pollution Control Board (No. k) . In many instances measures

have been taken to correct improper discharge practices.

Continued pumping of large quantities of water, in excess of safe

yield, from the Oxnard aquifer of the Oxnard Plain Basin has resulted in

the depression of piezometric levels below sea level in portions of the

basin and the intrusion of sea water into the aquifer. As of siimmer,

1957, the area underlain by sea water was about 1,550 acres. It was esti-

mated that d-oring the period I95I to 1957, in the vicinity of Port Hueneme,

the saline front advanced at the rate of about 1,200 feet per year in a

northerly direction and about 7OO feet per year in an easterly direction.

Improperly constructed and abandoned wells may be a factor in

transmission of pollution or degradation to usable groimd water. Such
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wells may serve as a conduit for poor quality surface or drainage waters,

leaching effluent from cesspools and septic tanks, surface wastes, or

poor quality perched or connate waters, permitting contacts with, or

intrusion into, aquifers utilized as a source of water supply.

The integrated effect of all sources of deterioration and pol-

lution of ground vraters is indicated by the salt balance prevailing in a

ground water basin. Aneilyses made d\iring the past 20 years indicate

considerable deterioration in water quality in the Fillmore and Santa

Paula Basins. If deterioration shoiild continue over a protracted period,

it could resiilt in the loss of the ground water resources for beneficial

purposes.

Future studies of salt balance problems in Ventura County, and

the formiilation of policies and recommendations for the alleviation of

adverse salt balance conditions will be facilitated through the use of

db,ta collected since 1952 by the Department of Water Resources in the

State-wide Surface and Ground V/ater Sampling Programs.
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CHAPTER VII. RECIAf-lATIOW OF WATER FROM SEWAGE

Plant effluents are generally available for re-use unless dis-

charged to saline water or lost .through evapo-transpiration. In Ventura

County, incidental reclamation or the recovery of waste waters for "bene-

ficial use res'olts from the disposal of effluents from the City of Santa

Paula, Camarillo State Hcspital^ ajid Catnarillo Sanitar^r District through

their use for irrigation d'lrin^ a portion of the year. Tb.e recovery of

waste waters which have lost their identity through mixing with natural

stream flow or gro'ond water in the process of final disposal is termed

involuntary reclamation. Examples in Ventura County are the discharges

to stream channels from the City of O.jai and discharges from the Saticoy

Sanitary District and the City of Fillmore to percolation lagoons. In

addition, effluent from the City of San.ta Paula is discharged to the Santa

Clara River when not used for irrigation.

The above discharges constitute the principal inland disposals

of domestic sewage in Ventura Couiity. With the exception of the discharge

from Camarillo State Hospital to Callegiaas Creek during intervals when -che

effluent is not bei:.ig used for irrigation, all of these effluents are

susceptible to involv^atary or incidental reclamation. The flow from these

sewage treatment plants, seri'ing a combined popixLation of some 28,000

persons, was approximately 2.5 million gallons per day, or about 2,800

acre-feet daring the fiscal year 1956-57

•

Dui'ing 1957, the Itontalvo Sanitary District discharged about I70

acre-feet to percolation ponds. Effluent from these ponds seeps to an

apparently unused shallow ground water zone that is essentially isolated

from the deeper productive zones.

-175-



Planned reclamation of water from sewage refers to the salvage of

waste water which would otherwise be lost. During fiscal year 1956-57; 7«5

million gallons a day;i equivalent to 8,400 acre-feet per year, was discharged

to the Pacific Ocean by the Cities of Ventura and Oxnard, the Port Hueneme

y^^tary District, and the Port Hueneme sind Point Mugu Naval Reservations.

The discharges from the Cities of Ventirra and Oxnard constitute about 80 per

cent of this quantity and consequently appear to offer the best opport\inity

for planned reclamation.

In-plant reclamation of waste water by industry/ is frequently over-

looked, although it is a phase of reclamation which can result in substantial

reduction in water consumption and subsequent waste discharge. Re-use fre-

quently requires partial purification of the water and this treatment may not

be economically justifiable solely on the basis of water reclamation. Addi-

tional benefits which may accrue from such practices include:

1. Reduction of the hydra.ulic load on the waste treatment plant.

2. Enhancement of the possibility of by-product recovery, due to

concentration

,

3. Salvage of heat and chemicals contained in the waste water.

h. Better public relations in communities suffering from water

shortages.

5, Better public relations in communities with waste disposal

problems

.

Recycling of white water from a paper-making machine, for example,

results in savings of water and heat, and effects reclamation of useful

chemicals and materials.
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Prior Studies of Water Reclamation in Ventura County

The City of Ventura and Shell Oil Company ^vith its subsidiary.

Shell Chemical Corporation, entered into an agreement whereby the company

would study the feasibility of reclaiming the effluent from the City's

sewage treatment plant for industrial use. Pilot plant studies were

initiated to ascertain the feasibility of utilizing reclaimed water,

primarily for cooling tower make-up and boiler feed, in an ammonia plaxit

and for other industrial purposes in the Ventura Avenue Oil Field. How-

ever, as yet no positive action has been taken to further the possibility

of water reclamation.

Utilization of wastes discharged to the ocean by the City of

Oxnard was the subject of a report prepared by V. M. Freeman, Engineer,

fl^)
Santa Clara Water Conservation District.^ -" In this report, it was

proposed to pump effluents from the Oxnard secondary and Port Hueneme

primary treatment plants to oxidation lagoons for polishing treatment.

After a 10-dsy retention period the lagoon effluent would be pumped a

distance of ^2,500 feet to a proposed Ditch Road Spreading Ground or as

an alternate plan 57,000 feet to the Saticoy Spreading Ground. On the

basis of 1949 prices, it vms estimated that the cost of water reclaimed

by this method would range from $1? to $21 and $15 to $19 per acre-foot,

respectively. As of this date, no action has been taJien on the findings

of this report.
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Plsins fcr Reclamation of Water from City of Oxnard ^

Sewage Treatment Plant Effluent

The possible markets for water reclaimed from City of Oxnard sewage

include direct industriaJL use, recharge of ground water basins, supply for in-

jection wells to prevent sea-water intrusion, and direct irrigation use. The

successful use of reclaimed vj'ater for each of the above pixrposes is contingent

upon the quality of the sewage. This section discusses the quality of the

effluent from the City of Oxnard sewage treatment plant, the possibilities for

industrial use, direct irrigation use, recharge of ground water basins, and

supply for injection wells to prevent sea-water intnasion.

Q^ality of Effluent from the City of Oxnard
Sevfage Treatment Plant

The mineral quality of effluent from the Oxnard sewage treatment plant

is poor. Available mineral analyses, which are presented in Appendix D, indi-

cate the following ranges e.nd averages in mineral quality characteristics: total

dissolved solids, 1,351 to 2,120, averaging 1,583 parts per miUion; effective

salinity, 13-^ to 25.3, averaging l6.2 epm; boron, 0.6 to I.5, averaging 1.0

ppm; and chloride, 17^ to 500> averaging 23I ppm. The character of the effluent

is generally sodiuru- calcium sulfate with total hardness ranging from 572 to

688, averaging 629 ppm.

Sanitary analyses of the effluent from the Oxnard sewage treatment

plant are presented in Appendix D. A new activated-sludge type treatment plant

was put into operation on June 23, 1956. The old sewage treatment plant, now

abandoned, is a trickling -filter type plant. Since the new plant has been in

operation, the biochemical oxygen demand (B. 0. D. ) of the effluent has ranged
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from 30 to 77.0 averaging 58 ppm. The analyses also show the effluent from the

new plant to have a most prohable number of collform bacteria (MPN) ranging

from 24,000 to 240^,000, with a median value of 70;,000.

The poor quality of water supplied to the area sewered by the City

of Oxnard is a major contributing factor to the poor mineral quality of the

sewage. However, there is also an abnormally large mlnereuL increment;, parti-

cularly in chlorides^, when compared to normal ranges as presented in a report

published by the California State Water Pollution Control Board. ^^-^ This

relationship is summarized below;



Industrial Use

As indicated by the above water quality discussion, water reclaimed

from the City of Oxnard sewage could be utilized by industry. However, the

effluent from the treatment plajit wovild probably have to be given additional

sanitary treatment before being acceptable for industrial use. For most in-

dustrial uses, waters with relatively low B.O.D., turbidity, and color are

required.

At the present time, there is no large-scale potential industrial

market for water reclaimed from sewage known to exist in the Oxnard area. A

pulp and paper majaufacturing plant, located close to the City of Oxnard sewage

treatment plant, has considerable potential as an industrial market for re-

claimed water. However, the present water requirement for this plant is only

about 80O-IIOO acre-feet per year. Also, some additional treatment of the

effluent wovild be necessary to render it siiitable for some of the major uses

in the plant. Wo complete cost estimate, which would include distribution

costs, has been made for industrial use of water reclaimed from the City of

Oxnard sewage.

Recharge of Groiind Water Basins

As noted in a previous section of this chapter, detailed engineering

studies have been made of the use of sewage effluents for recharge of ground

water basins of the Oxnard area. The recent completion of Santa Felicia

Dam, however, making additional quantities of natural surface waters available

for spreading, has detracted from the desirability of spreading reclaimed water.
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In addition, the recycling of sewage by means of groiind water recharge

appears undesirable because of the prevailing water quality problems in

the ground water basins of the area.

Repulsion of Sea-Water Intrusion

The California State Water Pollution Control Boeird sponsored

a '+if-month field study of direct recharge into underground formations.

The work was performed by the University of California at its engineering

field station at Richmond. The resiilts were published as California State

Water Pollution Control Board Publication No. 11, "Report on the Investi-

gation of Travel of Pollution", 193k.

Fresh water was recharged into a pressure aquifer for which the

permeability was about 1,900 gallons per square foot per day, over long

periods of time with no operational difficulties. The addition of sewage

plant effluents at the same rate, however, caused clogging of the well at

a rate which was proportional to the amount of solids injected. Under per-

missible well head pressure buildup, a liquid waste equivalent to the final

effluent from secondary sewage treatment could be injected for about eight

or nine days. After that time, redevelopment of the injection well was

necessary. Chlorine injection, followed by a half day of contact and

three or four hours of pumping at a rate equal to twice the injection rate,

re-established the ability of the aquifer to receive injected water.

As a result of research reported in the California State Water

Pollution Control Board Publication No. 11, it was concluded that the

reclamation of sewage effluent by direct recharge into sand aquifers is

not limi.ted by public health concern over bacterial contamination.
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In regard to public hei-.lth considerutlon, oection kh'^l} of the C; li-'crnia

State Health and Safety Code opecifically urohibits the cont^tructicn, maintn:;uu:e,

or use of any sewer well extending to or into a subterranean water-bearin^~ L.tratuia

that is used or intended to be used as, or is suitable for, a source of v.'. ier

supply for domestic purposes. The same section defines a sewer well as . uy kolo

dug or drilled into the ground, used or intended to be utsed for thf: di,;po:;<'.l of

sewage. The legal use of sewage treatment plant effluent in injection v/ellt; to

establish a barrier to sea-water intrusion in producing aquifers may require

revision of the California State Health and Safety Code.

The use of effluent in injection wells to establish a barrier to sea-

water intrusion in the producing aquifer of the Oxnard area wovild result in the

re-use of a portion of such water for beneficial purposes. Because of the water

quality problems of the area, and since injected water would eventually be

subject to domestic use, it would be desirable to use waters with dissolved

mineral content conforming to the United States Public Health Service drinking

water standards

.

Direct Irrigation Use

Water reclaimed from the City of Oxnard sewage would be generally

unsuitable for continued irrigation use because of its poor mineral quality.

If, however, such water were combined with waters of the Oxnard aquifer in

the ratio of about two parts of ground water to one part reclaimed water, the

resulting mixture would have a total dissolved solids concentration of about

1,100 ppm and an effective salinity of about 10 epm. This mixture would be

of a quality that could be utilized for irrigation purposes under conditions

which exist in the tile-drained areas of the Oxnard plain.

-182-



In addition to meeting mineral quality requirements, waters re-

claimed for irrigation use must conform with, certain sanitary stajidards

which, are set forth in a Special Bi-illetin No. 59 of the California State

Department of Public Health entitled, "Reg\ilaticr _ Use of Sewage for

Irrigating Crops",, May, 1933 • Briefly, these standards pro-vide that no

raw or untreated sewage shall be used for irrigating crops; partially

treated efflue.nt may be used on fodder crops, field crops, and some

orchard crops; well oxidized and thoroughly disinfected effluents may be

used without restriction if bacterial standeirds approximating the United

States Public Health Service drinking water standards are continually met,

and no plumbing cross connections are permitted with anj"- domestic water

system.

On the basis of data presented in this chapter, it appears un-

desirable to use vrater reclaimed from the City of Oxnard sewage for re-

charge of groiuid water basins, supply for injection wells to prevent sea-

water intrusion, or direct irrigation. While reclaimed water could be

diluted with ground water eind then used for irrigation, the mechanics of

such a procedure may be complex and may necessitate duplication of facil-

ities. In addition to the foregoing, it seems probable that there will

be an aesthetic reaction against using water reclaimed from sewage for

direct irrigation.

The effluent from the City of Oxnard sewage treatment plant is

of suitable mineral quality for certain industrial uses. Presently,

however, only a small potential industrial market for water reclaimed

from sewage exists in the Oxnard area. Therefore, an additional industrial
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need should be manifested before further consideration is given to any plan to

reclaim water from the City of Oxnard sewage treatment plant effluent.
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CHAPTER VIII. WATER QUALITY ASPECTS OF
WATER RESOURCES DEVELOPMEMT

As a resTilt of the comprehensive investigation which ciilminated. in

the preparation of State Water Resources Board Bulletin No. 12, entitled

"Ventura County Investigation''^ it was concluded that current water resource

problems in Ventura County include perennial and progressive lowering of

ground water levels, overdraft on ground water supplies, sea-water intrusion

into pumped aquifers and degradation of ground water quality. Recently

completed studies of water requirements indicate that the supplemental water

requirements will be about 85,000 acre-feet per year in I96O and 236,000

acre-feet in the year 2020.

The investigation resulted in fiirther conclusions to the effect

that local supplemental water could be made available by conservation of

r\inoff which presently wastes to the ocean from the Ventura and Santa Clara

River watersheds, by construction of surface storage reservoirs and further

development of groiond water storage. Mean seasonal manoff to the ocean

from the Ventura and Santa Clara River watersheds averaged about 230,000

acre-feet per season during the period 1936-37 to I95O-5I. It is there-

fore apparent that even with complete regulation of runoff from these

watersheds, additional supplemental water would have to be imported to

meet ultimate requirements. Possible sources of such water include the

Colorado River, through facilities of the Metropolitan Water District of

Southern California, and waters from northern California, through facilities

of the authorized Feather River Project.

As previously stated, alteration of the natural regimen of flow

in any hydrologic system, which includes both surface streams and ground
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water "basins will probably result in a change in quality of water. In the fol-

lowing paragraphs, there is presented a brief review of projects recently com-

pleted or under construction together with estimates of the effect of such

developments on the quality of waters. ^j-.

Development of Local Water Supplies

Ventura River Drainage System

Development of the Ventura River drainage system is centered around

Casitas Dam and reservoir, which is now xmder construction by the United States

Department of Interior, Bureau of Reclamation. This dam is on Coyote Creek at

a point about two miles upstream of the confluence with the Ventura River.

The reser'/oir will have a capacity of 250,000 acre-feet and will permit con-

servation of flood waters from Coyote Creek. In addition, the reservoir will

store waters diverted from Ventura River.

In operation of the project, water will be pumped to the Ojai Valley

and Upper Ventura River Service areas . Since the stored flood waters are of

better quality than present ground waters of Ojai Valley, the effect of the

project would be to improve ground water quality in Ojai Valley.

The new water made available by the Casitas Project will be derived

from flood flows that presently waste to the ocean. As in most southern Cali-

fornia streams, the quality of water in Coyote Creek and Ventura River is

better at time of flood runoff than normal low flow or summer rxxnott . The

conservation of flood runoff will probably result in improvement in the quality

of water in the Ventura River at Foster Park.
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Santa Clara River Drainage System

Santa Felicia Dam. on Piru Creek with a reservoir storage

capacity of 100,000 acre-feet, was completed in 1955 • The present plans

of the United Water Conservation District are to release water from the

dam to the natural stream channel, with subsequent diversion from Sajita

Clara River for percolation in spreading grounds or delivery to Oxnard

Plain Basin via conduits.

Santa Felicia Dam will impound a major portion of the discharge

from Piru Creek. Futvire flows in Piru Creek will consist of runoff

originating from the drainage area below the dam, reservoir releases to

the natural channel, and spill when the reservoir is f\ill. The over-all

quality of water in Piru Creek is considerably better than that foixnd in

the Santa Clara River above the confluence of the two streams.

Since waters to be impounded behind Santa Felicia Dam are

essentially flood runoff of good quality, their net effect on the waters

of the Santa Clara River system should be one of quality improvement.

Effect of Importation of Supplemental Water
on Water Quality

Prior investigations resiilted in the conclusion that the water

resources of Ventura County are insufficient to meet estimated ultimate

requirements. Importation of supplemental water supplies from either

the Colorado River or Northern California is presently being given serious

consideration. Tliese two possible sources were studied to determine the

effect of such importation on quality of waters in the county.
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The Colorado River Aqueduct

Local interests have considered annexation of portions of Ventura

County to the lyfetropolitan Water District for the purpose of obtaining supple-

mental vjater. On the assumption that the area included in the Calleguas Creek

gystem would probably be the first to receive imported supplies, the relation-

ship between the quality of Colorado River water and that in the various

aquifers is indicated in Table 20

.

Data given in the table represent an analysis of imtreated Colorado

River water and the maximum and minimum values for the individual constituents

in water derived from the alluvium and other aquifers. In general, the value

of each constituent in untreated Colorado River water lies between the minimxim

and the maximum values for the same constituent in the ground waters found

in the Calleguas Creek system. This is not true, however, in the Tierra

Rejada Basin, where certain of the maximum values are below the values for

the same constituent in untreated Colorado River water. Since the quality

of Colorado River water is, in general, comparable to that presently applied

in the ground water basins of the Calleguas Creek system, quality of the

return irrigation water would not be significantly different from that which

presently returns to the ground water by deep percolation.

Wo studies were made to determine the effect of importing Colorado

River water into other portions of Ventura County. The mineral character of

untreated Colorado River water is similar to most waters found in Ventura

County. Therefore, the utilization of xintreated Colorado River water in

Ventura County will not create any additional difficulties or problems of

base exchange in the soils

.
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The use of treated Colorado River vrater in Ventura County might create

problems of base exchange in soils as the softened water has a high per cent

sodium. Agricultural use of this water on certain soils could result in reductior

of soil workability and crop production. Its use for ground water recharge

might cause reduction in percolation rates in spreading grounds or leaching

areas . However, treated vra,ter would probably have limited agricultural use

due to economic considerations and it is believed that these problems would

have a minimal occiorrence.

San Joaquin Valley - Southern California Aqueduct

As stated in Chapter V, "Water Quaility in Ventura County, " the

water to be delivered to southern California via the aqueduct will be calciiom

bicarbonate in character. The mean annual veilues of total dissolved solids

will be less than 200 ppm, chlorides less than kO ppm and total hardness

less than I50 ppm. No water quality problems are anticipated if northern

California water is imported as a supplemental supply for Ventura County.

Because of its low mineral content, \ra,ter from this source would tend to

reduce the average concentration and salt content in the ground water basins

of the County.
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CHAPTER IX. CONCLUSIONS AND RECOMMENDATIONS

The res^llts of this investigation of the water quality and water

quality problems in Ventura County are summarized in the conclusions and

recommendations presented in this chapter.

Conclusions

1. The principal sources of water supply presently available to

Ventura County are direct precipitation on the valley floors and runoff

from tributary drainage areas. Historically, the major regulation of siir-

face runoff has been accomplished through percolation to ground water

storage

.

2. The principal water-bearing formations of Ventura County are

the alluvial deposits covering the valley floors and aquifers of the San

Pedro and Santa Barbara formations of Pleistocene Age. However, fractured

Miocene volcanic rocks are important sources of water in Santa Rosa and

Tierra Rejada Basins

.

3. Beneficial uses of water in Ventura CoTonty include domestic

and municipal, irrigation, industrial, recreation, and propagation of fish

and wildlife . Surface and ground waters also serve as a means for the

disposal of wastes.

k. In general the surface waters of Ventura County are suitable

for nearly all beneficial uses during periods of high flow. Hovrever, during

periods of low flow, waters from Canada Larga, Arroyo Simi, Hopper and

Tapo Creeks, and Santa Clara River at Blue Cut contain sufficient con-

centrations of dissolved salts to render them marginal or unsuitable

for many uses.
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Matilija, Sespe and Piru Creeks contain high concentrations of boron during

low flow.

5

.

Waters of good mineral quality are generally produced from the

Miocene volcanics in Cone jo, Tierra Rejada, and Santa Rosa Basins. In Ojai

and Upper Ojai Basins ground waters produced from Recent and Plesitocene

deposits are of good mineral quality. In other basins the preponderance of

ground water produced from alluvial deposits ranges from suitable to marginal

or ixnsatisfactory for prevailing beneficial uses. Ground waters of such poor
r

quality that they are essentially unusable include the waters in the Recent

alluvial deposits of the Lower Ventura River Basin and the semiperched ground

waters found in the Oxnard Plain Basin. In addition, there are localized

areas within the various ground water basins of the County where the groimd

water is of very poor quality. Included among these are the semiperched

zone near the west end of Simi Basin, the area south of the Oak Ridge fault

in Fillmore Basin, and the extreme easterly portion of Upper Ojai Basin.

6. In areas wliere sufficient antecedent data are available it is

indicated that the quality of ground water has deteriorated measurably during

the past 20 years. Included among these areas are Ojai, Fillmore, Santa

Paula, Piru, and Oxnard Forebay Basins, and the Oxnard aquifer of the Oxnard

Plain Basin. There are insufficient data available to permit determination

of quality trends in basins of the Calleguas Creek drainage system.

?• Surface waters of Ventura County are subject to degradation by

highly mineralized waters from hot springs and by effluent ground water of

poor quality. Runoff from certain areas tributary to Matilija, Sespe, and

Piru Creeks contains high concentrations of boron and other salts dissolved

from geologic deposits with which it comes in contact.
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8. The principal ground water bodies have been degraded by deep

penetration of surface waters of poor quality; by sea water intrusion; by

subsurface inflow from semipermeable formations containing waters of poor

quality; and by ingress of poor quality semiperched waters by slow perco-

lation through tight materials underlying the water body, movement around

discontinuous clay lenses which may serve to support the zone, and inter-

connection of aquifers through broken casings, improperly constructed or

abandoned wells or through wells with gravel envelopes.

9. Basins where proper well construction and abandonment is

considered important include Santa Paula, Oxnard Plain, Pleasant Valley,

Mound, Simi, and East and West Los Posas Basins.

10. Ground waters are subject to deterioration by the disposal

of sewage to cesspools, septic tanks, and sewage treatment plants with

land disposal of final effluent. With respect to sewage treatment plants

with land disposal of effluent, available data do not indicate any

deterioration of ground water from discharges of the Saticoy Sanitary

District, and the Camarillo State Hospital. However, there is evidence

to indicate localized deterioration of ground water as the result of dis-

charges from the Santa Paula and Ojai sewage treatment plants.

11. The principal industrial wastes which may impair or pollute

surface and ground waters in Ventura County include discharges to land

by the oil industry, citrus packing plants, and walnut packing plants.

Water softener regeneration wastes, which are not restricted to industrial

sources, and disposal to dump sites may also be sources of impairment. Waste

discharges from' many of these sources have been the Subject of investiga-

tions by the Department of Water Resources and the Los Angeles Regional

V/ater Pollution Control Board (No. k) . In many instances, measures have
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been taken to correct those discharge practices which would otherwise have an

unfavorable effect on the quality of water supplies in Ventura Coxinty.

12. Excessive pumping from the Oxnard aquifer of the Oxnard Plain

Basin has resulted in the depression of piezometric levels below sea level in

portions of the basin and the intrusion of sea water into the aquifer at Point

Mugu and Port Hueneme . In the summer of 1957; the area underlain by sea water

araoiinted to about 1550 acres. The rate of saline encroacbjnent during the period

October, 1951^ to summer, 1957^ averaged approximately 1200 feet per year in a

northerly direction and 700 feet per year in an easterly direction in the vi-

cinity of Port Hueneme and Oxnard.

13- It is feasible, from an engineering standpoint, to reclaim

water from sewage discharged to the ocean by the City of Oxnard for cooling

and other industrial purposes. In view of the poor mineral quality of the

effluent, a major industrial jnarket for direct use would have to be found be-

fore reclamation of water from the Oxnard sewage treatment plant effluent would

be feasible

.

lU. The development of surface watei* supplies by the Santa Felicia

Project on the Santa Clara River system and the Casitas Project on the Ventura

River system will have a minor but beneficial effect on the mineral quality

of surface and ground waters, of the respective river systems.

15. In general, Colorado River water is similar in character and

as good in quality as many of the ground waters presently found in Ventura

County. Consequently, if Colorado River water were imported and used in

Ventura County, it would have no detrimental effect on quality of local water

provided favorable salt balance conditions are maintained by the importation of

adequate quantities of water to assure the leaching and removal of salts from

tthe several ground water basin systems

.
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l6. Kort.hern C. l:;.fo:cTiJ.c. water in cf exeellenL i.iiiieral quality and of

similar cation ch .riicter to the v/i'.ter supplle-o of Ventur;^ County. IiiijK^rtiticn

of uater from this ocuree will have a beneficial effect on ifiiner-l quality if

properly mixed v;ith local oupplies.

Recommendaticnd

1. Tiiat in the operation of surface and ground v/ater re.jervoir::

in Ventur-:, County, due oonsider:..tion he given to the problem of rralt balance

so that the mineral quality of ground water rAipplies will be maintained and

improve 1 where nece.si;ary.

2. That the current prognms of the responsible local agencies to

halt the intrusion of sea vnter into the fresh v:citer aquifers underlying the

Oxnard Pli-in be fully supported and implemented as rapidly as possible.

3- That water welj. construction standards and ob^ndonnient pro-

cedures designed to prevent pollution and degradation cf ground water by

the interconnection o£ aquifers, be adopted an.l enforced.
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APPENDIX A

MIKERAL ANALYSES OF SURFACE WATERS, VENTURA COUNTY

Presented in this appendix are mineral analyses of surface waters

derived from streams in Ventura Coimty. Included in Tables Al through Ak

are all analyses of samples collected by the Division of Water Resoiirces

prior to ^feLy 1953, (and data procured from other agencies), except those

published in Bulletin 46A of the Division of Water Resources 1933- All

mineral analyses of surface waters which became available subsequent to

1952 are presented in Appendix G.

The analyses are tabulated according to drainage areas and in

order of the stream sampling point nujuber within these groups. The stream

sampling point number is derived as follows: The State is divided into

seven major hydrographic areas and into major stream basins of the State

as defined in Bulletin No. 1, State Water Resources Board 1951 • The first

digit in the stream sampling point number designates the hydrographic unit

in which the stream is located. The second digit (or two digits) desig-

nates the stream basin niAmber within the major hydrographic unit. These

basins are numbered, beginning with 1, at the most northerly basin in the

unit, consecutively in a southerly direction. Thus U3 indicates the third

major stream basin from the northern boundary of the fourth major hydro-

graphic \mit. IVhere a major stream basin applies to a group of streams

instead of a single stream, a letter is assigned to each stream beginning

with the northernmost stream and lettering consecutively southward. In a

similar manner when a stream basin contained minor streams draining to the

ocean, in addition to the principal stream, each of the minor streeims is
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assigned a letter beginning in the north. Thus, k^A is the northerly stream of

the stream group in major stream basin j, or it is the northerly minor stream

draining to the ocean in major stream basin 3 which also contains major stream 3'

A saiapling point on a stream is designated by the stream mile of the

point above the mouth of the stream. A point on a tributary is designated by the

stream mile of the major stream at the confluence of the tributary and the

stream mile at the sampling point on the tributary above the confluence.

Examples

:

43-3-0 - Santa Clara River, three miles upstream from mouth.

43-17 • 1-0.1 - Santa Pa\ila Creek, one-tenth of a mile above its

mouth which is 17-1 miles above mouth of Santa Clara River.

41D-2.5 - Padre Juan Canyon Creek, two and one-half miles above

mouth

.

All analyses in this appendix were conducted by the Department of

Water Resources unless otherwise noted. All constituents in analyses run by

the Department of Water Resources; U. S. Geological Survey, Water Quality

Branch, Sacramento; Pacific Chemical Consultants; and Terminal Testing Labora-

tories, v/ere determined using procedures given in Standard Methods for the

Examination of V/ater and Sewage, American Public Health Association 1955

with the following exceptions: The Versenate method is used for calciuia

and magnesium deteriiiinations by all the laboratories. The Devarda Method

has been used for nitrate by all laboratories except Terminal Testing

Laboratory, and the United States Geological Survey.

Analyses obtained from the Santa Clara Water Conservation District

and the Farmer's Irrigation Company reported the constituents in parts per

million only, and tlie equiva.lents per million shown in the table were calcu-

lated by Department of Water Resources.
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APPEirorx B

lOIERAL ANALYSES OF GROiJND WATERS- ^^EBrI'llRA COUKTY

Presented in this appendix are t-ables of mineral analyses of groiond

water saniples collected from wells and springs in Ventura County. Tables

Bl through Bl? contain all data available prior to May 1953 _i
including

analyses of samples collected by the +hen Division of Water Resources and

data obtained from other agencies. Data published in Bulletin hSk^

Division of Water Resources, 1933,. are not included. Tables Bl to Bl6,

inclusive, present mineral analyses by ground ^7ater basin for each of the

16 basins in Ventura County arranged according to State well number.

Table Bl'^ presents available data on "TTaee Constituents in C-round VJater"

for the entire county,, All mineral analyses of groimd water which became

available subsequent to 19^2 are presented in Appendix H.

All analyses are by the Dl^-ision or Department of Vfeter Resources

imless other\7ise noted, ^fethods of anal.ysis are the same as shovm in

Appendix ky page A-2, except for those analyses presented in Table BI7.

Analyses in this table by the City of Los Angeles, Department of Water

and Power;, vrere determined by emission spectrograph s^r^d are accurate to

plus or minus 50 per cent of the values shoT-m. Data from U. 3. Geological

Survey^ Water Quality Branch; Sacramento., were analyzed by procedures

presented in Standard Methods for the Examination of Water and Sewage,

'22

)

American Public Health Association 1946 '^ ' except as follows; Copper -

Bis-Hydroxyethyl"Dithiocarbamate; Lead - Dithizone; and Zinc - Dithizone.

Data obtained from the Santa Clara Water Conservation District

and a portion of that obtained from the Ventura Cotinty Farm Advisor re-

ported constituents in parts per mill.ion only. Equivalents per million

B-1



for these analyses were calciilated by the Division of Water Resources.

In Tahles Bl throiigh B17 analyses from wells in the Ventura and Santa

Clara River Hydrologic Units, located within the watershed boundary of a ground

water basin, but outside of the boundary of the more prominent aquifers, were

placed at the end of the table and classified as tributary to the ground water

basin. In Tables BBl throtigh BB17 analyses from all wells located within

the watershed boundary of a ground water basin are included as wells in the

groiond water basin. Classification of wells as to aquifer or aquifers of

production is by the Department of Water Resources, based upon well logs

and water analyses.
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APPENDIX C

PARTIAL MINERAL ANALYSES OF GROUND WATER

FROM SELECTED WELLS
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APPEiroiX D

MINERAL AND SANITARY ANALYSES OF EFFLUENT FROM

SEWAGE TREATMENT- PLANTS, vENTUPA COUNTY

Presented herein are detailed mineral analyses of sewage effluents

discharged from treatment facilities in Ventura County, Analyses are tabu-

lated in descending order with respect to plant location and elevation within

each hydrographic unit, that is, analyses for the upstream plants are entered

first.. For plants located on the Oxnard plain near the ocean, analyses for

the most northerly plants are presented first.

All analyses are by the Department of Water Resources unless other-

id-se notea. Methods of analysis used by the Department and Pacific Chemical

Consultants are the same as shown in Appendix A^ page A 2. The type of sample

analyzed is identified as either grab or time composite. A grab sample is

one sample taken at one momentary interval of time and is representative of

conditions and composition for only the time at which it is taken. A series

of grab samples may be combined (usually in proportion to the rate of flow)

to form a romposite sample which is usually more representative of the

average composition.

Tabulated values have been rounded off in some instances from

the original reported values. For the constituents 6aleium through nitrate^

values in parts per million have been rounded off to the nearest whole

number and values in equivalents per million have been rounded off to the

nearest hundredth. Fluoride concentration in parts per million has been

rounded off to the nearest tenth. Trace (Tr) in Table Dl indicates a re-

ported value less than five -tenths part per million or less than five-

thousandths equivalent per million.

D-l



Each analysis of trace constituents presented in Table D2 was

determined on the same sample for which a mineral analysis appears in Table

Dl. All of the trace analyses in Table D2 were performed by the California

State Department of Public Health.

The time of sampling is given in Pacific Standard Time using a

2i4-hour system.
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CROSS INDEX STATE WELL NUMBER TO VENTURA COUNTY WELL NUMBER*
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CROSS INDEX STATE VJELL NUMBER TO VENTURA COUNTY WELL NUMBER
WATER QUALITY AND WATd]R QUALITY PROBLEMS VENTURA COUNTY

(continued)
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(continued)
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EVALUATING THE QUALITY CF IRRIGAIION WATERS

IN VEHTUEA COUNTY

(1
L. D. DONEEN^ '

Introduction

Due to the tendency for salts to aeeiimulate in irrigated soils,

some authorities have questioned the permanency of irrigated agriculture.

History of irrigated projects in the Western United States and abroad has

shown the need for careful attention to the kinds and amounts of soluble

material in irrigation waters. The accumulation of salts is largely deter-

mined by the irrigation water. Many of our rivers are low in dissolved

salts, while others contain an appreciable quantity, particularly when de-

graded by return flow from upstream irrigation projects. Tlie greatest

extreme in salt concentration is found in waters from our v/ells. The

salt content of the well waters in Ventura County varies from l/^ to h

tons per acre-foot. The application of 3 feet of water per season will

add from 3/U's to 12 tons of salt to the soil. As most of the irrigation

water in this County is pumped from wells i/rlth a moderately high salt

content, the author, in cooperation with the Division of Water Resources

and the University of California Agricultural Extension Service Office in

Ventura County, made a sum/'ey of the salt damage to the more sensitive

crops (lemons and oranges) grovm in the County. This survey was made to

check the validity of a recent classification for salines in irrigation

water ^--^^ and its application to Ventura County waters.

For some years the technicai personnel in California interested

(l) Professor of Irrigation, University of California, Davis, California.
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in irrigated agriculture have been concerned with the quality of water used in

irrigation and from time to time have set up tentative standards as a guide to

its quality. One of the standards more recently established and widely dis-

tributed in California is given in Table 1.

If a water has one constituent which falls in a lower class, as

listed in Table 1^ it automatically is placed in that class, although probably

not of as poor a quality water as one having two constituents in the class.
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Table _—Qualitative Classification of Irrigation Waters



Because of diverse climatological conditions^ crops, and soils in

California, it has not been practical to establish rigid limits for all con-

ditions. Instead, field experience has indicated the classification shown in

Table 1 shoiild be used for the purpose of orientation and as a guide and that

local conditions must be considered in judging the s\iitability of water for

irrigation. The classification shown in Table 1 is the result of the research

and experience of various investigators at the University of California, and the

former Rubidoux and the U. S. Salinity Laboratory of the U. S. Department of

Agriculture. Other classifications for irrigation water have been suggested

(3)
and these have been listed in anotner paper

Source of salines . The classifications for irrigation water des-

cribed above have relied on electrical conductance as the criterion for total

salt. The concentration range is from 100, K x lO'' at 25°C (1,000 micromhos)

or below for the best quality to 300 or above for the poorest quality water.

The author's experience has been that the electrical conductance of an irri-

gation water is not a good measure of the potential accumulation of salines

in a soil.

Vflien nonsaline soils, irrigated for some years, gradually develop a

high salt concentration, it is usually due to the acciimulation of soluble

salts brought in with the irrigation water. Under high water table con-

ditions the soluble salts from the deep subsoils may be carried to the soil

surface with the rise of the water table. Some salt may be dissolved from

the soil minerals and with a high water table their removal by leaching is

prevented. Hovrever, these are probably a minor source, and much of the salt

increase may be attributed to that in the irrigation water. In the absence
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of a high vrater table^ the irrigation water would be the main source of salts

in the development of a saline soil.

A number of workers have shovm. the soil solution in well drained

soil to be more concentrated than the irrigation water used. Under this

condition Scofield ^
, 1935^ estimates that the soil solution in heavily

leached soil may be tvd.ce as concentrated as the irrigation water, and

under less severe leaching where the water is used sparingly the difference

is much greater, often 8 times or more the concentration of the irrigation

water. This concentration of salts in the soil is due to tv;o factors;

evaporation froxa the soil surface and water used by the plants in tran-

spiration. The plants usually remove only a small percentage of the

total salt occurring in the irrigation vrater.

Investigators of alkali reclaraation and related fields recog-

nize the limited solubility of calcium and magnesiura carbonates and cal-

cium sulfate, but the application of this knowledge has not been made to

irrigation waters. This investigation is concerned with these slightly

soluble salts which may occur in the irrigation water and their ineffec-

tiveness in the potential ssLLination of a soil. These salts of limited

solubility do not contribute to the formation of saline soils.

Theory of Effective Salinity

Effective salinity of irrigation water . In this study let us

assiome the following conditions prevail: The irrigated soil is in a

low rainfall area, and no extensive leaching of the soil occurs from

application of more water than will be lost by surface evaporation or

vegetative transpiration. These conditions are usually found in soils
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with a hardpan, claypan, or high water table, frequently in highly stratified,

heavy clay soils, and in permeable soils where the water is used sparingly.

Tlie salts from the irrigation water will accumulate in the soil. As the soil

solution becomes concentrated, certain salts will precipitate. Because of

the low solubility, the order of precipitation will be calciUxH carbonate fol-

lowed by magnesium carbonate and then sulfate. Other salts, such as calcium

chloride, magnesivun chloride and sulfate; and sodiiim chloride, sulfate, and bi-

carbonate, occurring in irrigation water in any significant concentrations

(5)
are extremely soluble and accumulate in the soil solution. Eaton , 1950,

discussed the calcium and magnesium carbonate precipitation as it effects

the sodium percentage in the soil solution. However, Joseph ^°'', 1925, work-

ing with the irrigation waters of the Blue Wile, points out that calcium

carbonate should not be included as "permanently soluble material" in the

formation of alkali soils because of precipitation by evaporation.

The most soluble salt to precipitate is the calcium sulfate with

a solubility in pure v/ater of about 28 m.e. per 1.* or 2,410 ppm. The

solubility of this salt is high vmen compared to calcium and m.agnesiiim

carbonates but not sufficiently soluble under our present standards to

produce a saline soil. Many of our salt-sensitive plants grow satisfactorily

in gypsiferous soils. To be sure, gypsum (calciiom sulfate) in the irrigation

water or in the soil will contribute to the extent of its solubility (2, 410 ppm)

in the salination of a soil. Other soluble salts in the soil solution will

influence the solubility of gypsum, and also calcium and magnesium carbonate.

* Recently the term "equivalents per million" has been used by some groups
and individuals in reporting water analyses. This method of reporting
is nearly the same as that for milligrams equivalent per liter, and for
all practical purposes these terms can be interchanged.
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High concentrations may increase the solubility of gypsiun by several m.e.

per 1. and extremely high concentrations of salt may increase the solu-

bility by 50 per cent or more. \-Ihen the sulfate or calcium ion predomi-

nates in a saline soil solution, the common ion \r±ll suppress the solu-

bility of gypsum, and under certain conditions they may amount to a

third or more based on its solubility in pure warer. These same general

principles hold for the solubility of calcium and magnesium carbonate.

Calcium sulfate alone or in combination with other salts will not in

itself bring about a saline soil.

Calcium and magnesium carbonate and calcium siilfate should not

be included in establishing standards for salinity as is now the practice

in the use of electrical conductance. The remaining soluble salts form-

ing salinity are listed as "effective salinity" of an irrigation water

in Table 2. For example, water number 1 has a conductance of 103 with

a 12.2 m.e. per 1. total salt. Upon concentration of this water in the

soil solution, the calci\im would precipitate as the carbonate, followed

by the precipitation of magnesium carbonate. As there is more bicar-

bonate than calcium and magnesium, these two cations woiild not con-

tribute to salinity and are subtracted from the total cations leaving

3.6 m.e. per 1. of soluble salts or "effective salinity". Thus the

salinity potential of this water is reduced from 12.2 m.e. per 1. salt

to 3-6. This water has been used many years on well drained soil ^n.thout

serious problems of salt accxmiulation.
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Water nujTiber 2 iu u. high sulfate \/ater \iith a totf.l ct.tion content

of ci'ji.k n.e. per 1. The firjt precipitation in this water would be the

bicarbonate a:; calcium carbon;,te . As there is an excels of calciui.i over

bicarbonate, no magnesium precipitation v/ould be involved. The rer.iaining

calciUii would precipitate as the sulfate, and the salinity of the water

would be reduced by the calciVu.i precipitation to 12. j :a.e. per 1. ISter

this water was used on a loaia soil for 7 years the salinity had increased

to a concentration tiiat reduced potato yields by '}0 per cent, o.nd it A/as

difficult to obtain uniform germination of seeds. Deep percolation of

irrigation v;ater was difficult due to clay linination in the subsoil; con-

sequently jiiuch of the salt added remained in tiie surfo,ce three feet of soil.

Water number 3 has a high salt content with a conductance of 3'5'j

and a total ionic concentrcition of ^2.9 m-e. per 1. The reduction in con-

centration would be by precipitation of calcium carbonate and sulfate.

Due to the high calciuia content the reduction in salinity is detenained by

the bicarbonate and sulfate ions for a total of dS.^ m.e. per 1. leaving

in solution l6.k m.e. per 1. effective salinity. This vrater was applied

sparingly on a sandy loaiu soil and crop yields 'were reduced by the c.ccui.iu-

lation of salines.

The three waters discussed above show a marked reduction in po-

tential salinity, "effective salinity' , which is not taken into consid-

eration in tlie classif ica.tion listed in Table 1 and consequently this

TaVjle is not applictible in estimatii:ig the salination of a soil by an irri-

gation vrater. Even with the reduction in potential soil salinity of the

above wti-ters, two of them produced saline soils because of Lhe rcJ.atively

high effective salinity and insufficient leaching of the soil.

F-9



Some waters precipitate few salts upon concentration in the soil solu-

tion, such ..;j watex- nui'aber k. In this exaj/iple the reduction in salinity is by

the precipitation cf ^.> ra.e. per 1. calcl~LU,i and i.iagnesiu,ii caroonates frou a

total salinity of 'd.'^.h m.e. per 1. giving 26.5 m.e. per 1. effective salinity.

With this v/X',ter the conductance or total concentration would be a fair jaeasure

of effective salinity.

Tije calculation of effective salinity is laore applicable to waters

of low salt content, i.e., waters with a conductance of less than 100, than

those of a higher salt concentration as these waters are recognized frequently

as possibly hamiful for sOiue or all crops. Waters 5 and 6 with a conductance

of 75 and 6y, respectively, and approximately the same total salt concentration,

have widely different effective salinities. Huiuber ^ water has a nigh percent-

age of the total salts occurring as effective saJ.inity (6.3 m.e. per 1.) whereas

nuiuber 6 is reduced to approximately a third (2.3 i:i.e. per 1.). Additional

sa„iiples of varying effective salinity in low salt waters of nearly the saiae

total salt concentration are nuir.bers J, 8, and 9- The effective salinity

ranges from k.2 to O.o of a m.e. per 1. The above examples indicate that the

potential salinity of a water for irrigation cannot be judged by conductance

cr total salt content, and the sJ.igntly soluble salts of c-^-lGium and magnesiUiii

carbonates, and calciuia sulfate should not be considered in classification of

water for accu^aulution of salines in the soil.

Four surface waters diverted froia rivers or streams in California

for irrigation purposes are listed in Table 2. These show a reduction from

total salts, v/hen calculated as effective salinity, of 34 per cent in river

v.iater number c: (oan Joaquin) to 67 per cent for number k, Cache Creek. With

the exception of nunber h, these waters give rise to soil salinity when deep
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percolation is irapaired. Notable is the acciimulation of salt in the Iniperial

Valley from Colorado River ira.ter_, number 3. This water has an effective

salinity of 7.0 m.e. per 1, which is sufficiently high to account for all

the accumulated salts of Imperial Valley.

Salination of a soil by irrigation water . For irrigation waters

an approximate relationship exists between conductance, parts per million,

railliequivalents per liter and tons of salt per acre-foot. For example,

a conductance of 1,00'0 micromhos is approximately equivalent to 7^0 ppm,

10 m.e. per 1. total salt_, or a ton of salt per acre-foot. These are very

useful relationships in expressing total salts of an irrigation water in

various terms. However, in the precipitation of calcium and magnesium

bicarbonates and calciiim sulfate, most of the salts of high molecular

weights are removed from solution, which changes the relationships that

existed in the original irrigation water. A better relationship for

effective salinity would be one mllliequivalent to equal about 55 ppm

or 150 pounds of salt per acre-foot of water. Then 10 m.e. per 1. ef-

fective salinity would be approximately 550 ppm or three-fourths ton of

salt per acre-foot of "water. Assuming the salts of an irrigation water

remain in the soil to the depth of plant rooting, then the degree of

salination will be in proportion to the quantity of water used in evapo-

transpiration and the effective salinity of the irrigation water.

If 0.2 per cent by weight of dry soil is used as a criterion

for the limit between saline and nonsaline soil, then to bring an acre-

foot of soil to this concentration would require 7>1^^ pounds of salt.

3
(When 4 millimhos, 10 , of the saturated extract is used as a standard
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for the lower limits of salinity,, the total salt is about 6,000 poxmds or O.I8

per cent dry weight for soils of interiaediate water-holding capacity).

As each milliequivalent effective salinity contributes about I50

pounds of salt per acre-foot of water, it would take 48 m.e. per 1. to bring

each acre-foot of soil to 0.2 per cent salt, or a water containing 10 m.e. per

1. effective salinity would require 4.8 acre-feet to reach this salt percentage.

If the rooting depth of the plant is 6 feet and salts are not leached from

this rooting zone, then 10 m.e. per 1. of effective salinity would require

28.3 acre-feet of v/ater. Assui'oing this is applied at the rate of 2 1/2 feet

per year, it would require approximately 11 years to salinize a soil xiniformly

to 0.2 per cent salt (this is an idealized situation as field soils axe rarely

ever uniformly salinized). The depth of soil or the depth of rooting of the

plant species involved would determine the number of years required to salinize

a soil provided leaching v;as not involved.

Criteria for effective salinity . The above calciilations assumed no leaching

of a soil below the root development of the plant. Under field conditions

this would not normally occur. Under most situations in the field, the irri-

gation usually results in some movement of soil moisture below the root zone.

Irrigated high water table soils frequently have a natural or artificial

drainage system. Althoiigh all the accumulated salts are not removed in the

drainage water, a balance may be established so that the accumulation of salines

is held at a concentration sufficiently low to permit the growth of agricultural

plants. Tne salts in some high water table areas may not be due entirely to

the effective salinity of the irrigation water but may have been in the original

soil before irrigation was started or, as some authorities have suggested, may
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have been brought up from salt previously deposited in the deep subsoil by

the rise of the water table. Under these conditions any effective salinity

of the irrigation \-ra,ter will only aggravate the salt condition of the soil.

Many other conditions may seriously reduce deep percolation of

the irrigation water in a reasonable tirae such as high sodium soils, stratified

soils, clay lenses, some clay and adobe soils, dense or compact subsoils, and

heavy clay subsoils. These soil conditions may prevent sufficient leaching

to remove the salines of the irrigation water. However, some leaching may

be accoinplished by holding the water on the surface for a long period of

time. An extreme example vrould be the removal of salines on very heavy soils

by growing rice in which the soil is submerged for about 5 months. Most

hardpans and some claypans are practically impermeable to water. Even these

may have cracks or ruptures through which water and accumulated salts may

drain.

Under conditions of restricted drainage different standards

shoiild be established for effective salinity of an irrigation water than

with deep, open soils where leaching is easily accomplished. Table 3

suggests tentative standards for effective salinity of the irrigation water

with and without restricted drainage. Tlie assiomption is made that 1 to

2 m.e. per 1. of effective salinity will be removed in crop production.
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Table 3. Tentative Classification for Effective

Salinity of Irrigation Waters

Soil Conditions
Terms
used

Class

Little leaching of

the soil can be
expected, due to
low percolation
rates

m.e. per 1.



leaching may be desirable,, but due to the low farm irrigation efficiencies,

ranging from 20 to 80 per cent of the water delivered to the farm, most

surface soils are adequately leached for removal of any excess salts. In

fact, overirrigation or low farm irrigation efficiencies have resulted in

damage to more soils due to the rise of a water table with increased

salinity than irrigating sparingly and allowing the salts to accx;imulate

.

In pumped areas where the water table is low, water is used

sparingly, and the water contains high effective salinity, an occasional

overirrigation may be beneficial in removing salines. Only a few isolated

cases are knovm to the author in which serious salinity problems have

developed due to the use of irrigation water with a relatively high salt

content in the absence of a high water table. Careful investigation

should be made to determine whether sufficient deep percolation is taking

place in the ordinary irrigation practice to remove the salts from the

surface soil. Where surface -water is used for irrigation and the poten-

tiality of developing a high water table may exist, irrigations should

be limited to evapo-transpiration with the minimum of excess water to

remove the salines.

Application of Effective Salinity

Ventura County irrigation waters

.

In the spring of 1953 and again in

the fall a detailed investigation was made of salt injury to lemons

and oranges, two of the more sensitive crops grown in the County. As

a basis for this study, 375 irrigation waters from widely distributed

agricultural areas of the County were used. A classification of these
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waters^ percentage-wise, for total salinity and effective salinity is given in

Table k. This table is based on the standards for quality of water given in

Table 1.

Table k. Percentage Distribution of 375 Irrigation Waters

in Three Classes, Based on Table 1, for Total Salinity and

Effective Salinity

Class I Class II ' Class III
Less than 10 m.e. Less than 30 in.e. More than '^0 m.e.

per 1. per 1. per 1.

Total salinity l6 77 7

Effective salinity 67 32 1

Applying these standards to effective salinity, it was found that

67 per cent of the vraters were in Class 1, whereas on the basis of total

salinity, only I6 per cent were in this class. If the criterion given in

Table 5, is used kk per cent of the waters are below 7 nilliequivalents per

1
.

, k6 per cent between 7 a-nd 15 milliequivalents and 10 per cent above I5

milliequivalents per 1. For the 375 waters the average reduction from total

salts to effective salinity is ^8 per cent.

The above discussion has been limited to the accumulation of total

salines. Other factors should be considered in the classification of irrigation

waters, particularly sodiiim. The average sodium percentage of the total cations

based on the formula given in Table 1, for the 375 waters is 29 per cent with

only 5 waters above 60 per cent sodium and only one of these above 70-

The per cent sodium of the effective salinity is increased when compared

to the natural waters due to the precipitation of some of the calciixra and
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and magnesium salts as indicated in the last column of Table 2. The aver-

age per cent sodium of the effective salinity for the 375 waters is 56

per cent and is below the maximum allowable standards of 60 per cent sodium

given in Table 1. However; 3I per cent of the waters were above 60 per

cent sodiuai with I8 per cent of the water being between 60 and 70 per cent

3odiu2!i, 6 per cent of them between 70 and 60^ 2 per cent between 80 and

90^ and 5 per cent between 90 Q-nd 100 per cent sodiura.

The question arises, will the waters above 60 per cent sodium,

based on effective salinity, have an adverse effect on soil structure

such as dispersal of the clays accompanied by impaired water penetration?

The answer^, pertaining to these waters of Ventura County^ seems to be no.

Eighty per cent of the 375 waters precipitate calcium sulfate (gypsui.i)

upon concentration in the soil solution. As calcium sulfate has a solu-

bility of 28 m.e. per 1., this concentration will always be present in

the soil solution. Doubling this concentration with sodium salts will

bring the concentration well above the saline range of k millimhos and

only increase the sodium to 50 per cent of the cations. These waters

also have an appreciable quantity of magnesium,, ranging from about 1

to 20 m.e. per 1. with an average of ^.3; which remains in the soil

solution when calciwi sulfate is precipitated. The problem would not

be one of high per cent sodium, but one of total salines. Assuming the

concentration of salts continues to increase above the lower limits

established for a saline soil, even though the sodium percentage increased,

a maintenance of good soil structure would result due to the high con-

centration of soluble salts.
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Of the waters not giving a cal:;iuin sulfate precipitation (20 per cent);

18 per cent had sufficient bicarbonate to precipitate all the calcium and only

part of the magnesiiiin, while approximately 2 per cent or 8 waters of the 375

precipitated all the calcium and magnesium and had an excess bicarbonate which

forms sodium bicarbonate . Eaton listed these as "residual sodium carbonate".

As the bicarbonate equals or exceeds the calciijm ajid magnesium concentration,

sodiuin of the soil solution will replace calcium of the cation exchange, which

provides available calcixim to precipitate with the excess bicarbonate. Recent

(2)
investigations by Chimondes shew that concentrating residual sodium car-

bonate waters will enrich the cation exchange with sodium and at the same time

give a precipitation of calcii-un carbonate.

Only two of the 8 waters had residual sodixim of more than I.5 m.e.

per 1., these being 2-5 and 3'-- ^s numerous farms visited showed no evidence

of soil structure deterioration due to sodium in the irrigation water.

The Effect of Ventura County Irrigation Waters on Citrus and Soil

This study was limited to 20 citrus groves, as they constitute one

of the major crops of this County and are considered to be very salt sensitive,

especially the lemon. The areas having excess boron were not included in

this study. The survey; included a comparison of leaf injury, or burn, with

the effective salinity of the irrigation water and with the soil type to

a depth of 3 feet which contains the major concentration of citrus roots.

These soils are classified as the Yolo Series, without lime accumulation and

are well drained. Besides the above-mentioned variables, there is the un-

known factor of the farmer ' s irrigation practice

.
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Irrigation Waters. The selection of the groves for study was made on the

basis of total concentration of salts in the irrigation water; ranging from

the lowest 11.32 to the highest 36.6 m.e. per 1. in concentrations of water

used for irrigation of citrus in the coiinty. Table 5. The per cent sodiinn

of the total cations is not considered high. The effective salinity for

most of the waters is approximately half the total salts, and the average

reduction for all waters was 46 per cent.
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The relationship of the cations and anions to the total salt con-

r

centration of the irrigation waters is given in Figure 1. The sulfate ion

is closely related to total concentration, whereas the bicarbonate and

chloride is relatively constant. Calcium showed the same trend as the

s\ilfate but to a lesser degree. Sodium and magnesium increase v^ith total

concentration, but considerably less than calcium.
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Total milliequivalents per liter

Fig. 1 - Relationship of individual ions to total concentration of

Ventura Irrigation Waters

.
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The salt injury rating^ Table 5? is classed from 1 to 3 according

to the judgment of citrus experts. Rating 1 is for the slightest tip burn

on the second year old leaves while rating 3 shows tip burn and some

marginal burn for these leaves. Rating 2 is intermediate between 1 and 3»

Even the salt injury in rating 3 wa-s not considered sufficient to cause a

reduction in yield. On Grove 20, rated 3+ a- definite reduction in yield

occurred and the trees were yellowish in appearance and lacked vigor.

Soil Salinity and Lime Accumulation from Field Irrigation. The 20 groves

consisted of well established older trees. With the exception of Grove

No. 1 all were furrow irrigated. Some with permanent furrows , while others

were clean cultivated with the furrows remade several times a year. Grove

No. 1 had been sprinkle irrigated for a number of years. The soil was

sampled in foot depths to three feet for salt analysis, and acciimulated

lime. The sajnpling location was at the periphery of the tree and approxi-

mately 15 to l8 inches from the center of the outside furrow - the one

next to the tree. This should be in the range of capillary movement of

moisture from the furrow, and therefore in the area of highest salt con-

centration.
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Depth
feet

1.0
E.G.

Fig. 2. Salt accumulation in soil of a lemon grove from
irrigation^water No. 10, Eff. Sal. 12.2 (Table p)
E. C. X 10-^ of saturation extract.

Depth
feet

E.G. E.G.

Fig. 3- Salt accumulation in soil of an orange grove from
irrigation vater No. 1?, Eff. Sal. I8.9 (Table 5).
E.G. X 10-^ of the saturation extract.
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A detailed survey of salines in the soil profile from the outside

furrow to the tree row is given in Figures 2 and 3 for Groves Kos. 10 suid

17, and illustrates the accumulation of salines from the irrigation water.

The soil profile in the tree rows parallel to the furrows is low in salt

and in most cases receives no irrigation water other than from rainfall.

The lime accumulation follows the same general pattern but with less

variation in amounts from the tree row to the furrow. When the trees

are small the furrovz-s are placed close to the tree-row^ and as they in-

crease in size the furrows are gradually moved farther from the row. As

lime is only slightly soluble, it has remained in the soil near the tree,

while the accumulated salines have been leached to a lower depth by an

occasional high rainfall year.
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The accumulation of soluble salines^ per cent sodium, lime content,

and the soil texture are given in Table 6. The groves are numbered the same

as those listed in Table 5- A complete analyses was made of the saturated

extract, but only a summary is presented of total salts in m.e. per 1. and

per cent sodium of the cations- The sodium percentage of saturated extract

is considered, relatively low and, in general, is in the same percentage range

as that of the irrigation waters. Table 5. The lime (CaCO^) is based on the

per cent diy weight of soil.. The soil was originally classified, in 191?^

as the Yolo series free of lime except in poor drainage and alkali areas,

which were not covered in this investigation. The soil texture by depth

was determined from the soil survey of 1917? "the observations made in the

field at the time the soil samples were secured, and from the moisture

equivalent of the soil. The water holding capacity of the soil may be

judged from the moisture equivalents. For sandy loams, the moisture-

equivalent ranged from k to 6 per cent, fine sandy loam from 6 to 10, loams

from 12 to 17, silty loam from l8 to 22, silty clay from 2k to 29, and clay

from 28 to 32 per cent moisture.

Evaluating Ventura County Irrigation Waters for Citrus . The use of these

waters has not deteriorated soil structure. This was noted in all groves

visited and is further indicated by the low sodium percentage of satur-

ation extract, Table 6.

On these permeable soils, little or no injury to lemon leaves

was noted when the effective salinity was at or below 7 m.e. per 1., as

established in Table 3. One exception was noted. Grove No. 2, where a

water containing 6.5 m.e. per 1. effective salinity was applied to a soil
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classed as loam in the surface 2 feet, clay in the third foot, and below this

an exceptionally heavy subsoil. A heavy deposit of lime and gypsum was noted

in the 3 and k foot depths. Table 6, and a slight to moderate amount of -'.njury,

or "burning" was noted. In an adjoining grove using the same water but in the

absence of the heavy subsoil, no injury to the leaves was observed. Wlierever

subsoils of low permeability wel^e encountered the salt injury was more severe

than on soils of vmiform texture. Although internal drainage was considered

good, the leaching of salts through the heavy subsoil was not always accom-

plished by the irrigation practiced. On soil of uniform texture, particularly

the sandy and loa:ny phases, little injury was noted up to 10 m.e. per 1.,

effective salinity, but a moderate anoimt of burn at 12 m.e. per 1. was observed.

On the sandy and gravelly soils, where some leaching nearly always occirrs

during each irrigation, little salt injury to the leaves was observed with

concentrations as high as 12 m.e. per 1.

Once these soil conditions were established with the allowable

effective salinity mentioned above, injury to the leaves was in direct pro-

portion to increased effective salinity of the irrigation water. The soil

type coupled with the effective salinity listed above cannot be adhered to as

a rigid classification. Occasionally leaves would show some tip burn and a

slight marginal burn but not sufficiently severe to affect the vigor of the

tree or cause a reduction in yield. During dry years, when the rainfall does

not v/et the soil below the depth of rooting and there is a shortage of irri-

gation water, the salt injury is more severe and widespread than during years

of normal or above average rainfall. In dry years some tip and marginal burn-

ing of the leaves may occur at 7 m.e. per 1. or less of effective salinity.

Considering all factors involved, 7 m.e. per 1., effective salinity seems to
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be a logical choice for the division betvreen Class I and Class II water

for a sensitive crop^ such as lemons ;, imder irrigation practices of

Ventura farmers.

Since oranges are more salt tolerant than lemons under similar

soil conditions^ the standard could be raised from 3 to 5 m.e. per 1. of

effective salinity. Very little if any burning of orange leaves was

noted below 10 m.e. per 1. and usually only a moderate amount of injiory

with effective salinities of 15 to l8 m.e, per 1.

Relative salt tolerance may be studied v/here lemons and oranges

are interplanted in the same grove. Here^ irrigation practices would be

the sam. One such grove j, not listed in the tables, with a gravelly

type soil on iinconsolidated rock subsoil and irrigated with water having

an effective salinity of 11.8 m.e. per 1. showed a very slight bxirn;, --

only the very tips of a few orange leaves,, whereas the lemons had a

moderate to severe burn on most of the mature leaves , Another exeuiiple

is grove No. 12 where a few lemon trees were inteiplanted with oranges

and irrigated with a water having 12.9 m.e. per 1. effective salinity.

The orange leaves showed a moderate amount of burn and the lemon leaves

an extremely severe inj'ciry.

During the seven years previous to 1951-52 the rainfall in

Ventura County was lower than normal, while the 1951-52 year was high,

approximately 70 per cent above normal. ^.Vhen this survey was made in

1953 the precipitation vras a^ain low, being about 66 per cent of normal

for the rainfall year 1952-53- The citrus plants m the County showed

only a very small amount of leaf injury where water of 10 m.e. per 1.

or less vras used for irrigation as noted above. This constitutes 67^
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of the vater used for irrigation. The remaining j3 per cent injured the leaves

froi.i a slight burn on the tip to the extreme condition of partly defoliating

the tree as the effective salinity progressively increased. This is just about

the ratio of burning observed in the sur^rey. Approximately one-third of the

groves showed from slight to extreme burning of the leaves. Tlie other tvo-

thirds showed no injury or not in sufficient amount as to be a factor in

determining the vigor of the tree, or crop production.

Precipitation of lime and gypsum from irrigation water. The accijmulation of

line and gypsum for bicarbonate -sulfate water is given in Table 6. With the

exception of the gravelly and the very sandy soil, where every irrigation

lonavoidably is a leaching process, calciiim carbonate has a tendency to pre-

cipitate. Regardless of the total concentration most Ventura County v;-aters

have about 5 m.e. per 1. of bicarbonates and considerably more calci\am,

Figure 1.

A number of waters were concentrated in the laboratory at room

temperature to determine their stability. In the following example, the

water had a concentration of approximately 15 m.e, per 1. The cations

calci\im, magnesixun and sodiiom, and anions, bicarbonate, sulfate and chloride,

each had a concentration of about 5 ni,e. per 1. Upon concentration all of

the ions increase in direct proportion to the decrease in volume with the

exception of bicarbonate and calcium, Table 7- Concentrating the water

one time, or half of the original volujne, precipitated 71 per cent of the

calcium bicarbonate . For many soils this is the range between field capacity

and the permanent wilting percentage.
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Table 7> Precipitation of calciiim bicarbonate by increasing
concentration from evaporation.



and the amount of the precipitated salts found in the soil may be used as a

rough estiraate of the frequency and quantity of irrigation water leached below

the root zone of citrus, and also serve as a guide to irrigation efficiency

studies.

V/here lirae and gypsura salts accuravilated, they were usually visible

upon examination of the soil. These salts were in the form of soft gray

crystals or nodules. In some cases the deposits were in the form of streaks

or layers that meandered through the soil mass. Occasionally these nodules

or deposits were a 1/2 inch in diameter and usually encased an appreciable

quantity of soil.

The above observation pertaining to the accumulation in the soil

of the precipitates from Ventiora County v/ater may not be pertinent to their

classification, but with continuous accumulation there may be eventually,

and possibly at the present time, harmful effects in plant grovrth and yield.

Most of the precipitation takes place near or aroiond the roots of the citrus

plants, and many of the roots are covered with a hard external covering,

or outer shell, of lime and gypsum. Oftentimes the roots can be pulled from

this depository shell leaving a long tube of the cemented soil particles.

This crustation is not limited to the older roots but is found on the younger

white roots. As citrus roots develop slowly with few fine fibrous roots, the

question arises as to the effects of this crustaceous material around the

roots on the nutrition and physiological processes of the plant. The author

believes the vigor of the tree, and the size and quality of the fruit in

relation to this crustification of the root system shoiild be studied in

addition to the meager observations listed above.
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Recent reports. Since this investigation was started in 1953

several papers have appeared showing the accumulation of lime in soils

irrigated with bicarbonate waters (l, U^ 9)- These experiments were con-

ducted in containers in the greenhouse using various bicarbonate waters.

In two of the experiments (l^ 9) a leaching regime was maintained, yet

an appreciable acciimulation of lime occurred. In an investigation on

the effect of irrigation waters on soil in Idaho (?), the authors con-

cluded that, calcium carbonate content of the soil showed an increase

when irrigation waters high in calcium and bicarbonate are used.
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