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A. INTRODUCTION

Animal and human waste products have for many centuries been
put to beneficial uses in many parts of the world, particularly in
Central Lurope, China and Japan. These uses have included burning
and appiication to agricultural iands for crop nutrient and soil amend-
ment value. With the advent of water operated waste collection
systems and centralized waste treaument plants, sewage by-products
became less accessible and less valuable to individuals because of
their Jower concentration of nutrients. In addition, an increased
awareness of public health problems discouraged any reuse without
stringent controls. Consequently the collection and treatment of
waste products have created disposal problems of major proportions.

In the United States, this problein chain was fostered by short-
term cconomic policies and a surplus of clean water, clear air and
unused lands available for outright dumping of treatment plan® residues.
Greater attention to environmental considerations during the past decade,
accompanied by & decline in available natural resources, has brovaht
about & renewed interest in the potential reuse of all by-products that
were previousiy considered to be only suitable for disposal. The
snosrt-term economic policies previously applied to confined arcas are
being replaced with much broader, environmental.v based considerations
of feasibility for regional areas.

Within this overall context, the Pilot Wastewater Management
Program of the Corps of Engincers has been conceived in five metropol-
itan regior.s throughout the United Staies: the Boston Region in the
Merrimack River Basin, the Detroit Region in seven river basins
draining into Lake [rie, the Cleveland-Akron Region, the Chicago
Region in scveral watersheds dr.ining into the south end of Lake
Michigan and the San Francisco Pay - Delta Region.

This report presents the results of the investigations of
extensive land sites (5,000 acres or greater) identified as being
suitable jor receiving wastewater from the Sen rrancisco Bay - Delta
Region.

1 - The Study Area
I'he Study Area selected ie shown in Figure 11-A-1 and encom-

vasses tue 70,000 sguare wile region extending from the Cascade

Mountains wn the north to the chachiapi Mountains in the scuth and
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from the Sierra Nevada Mountains in the east to the Pacific Ocean in
the west. It includes 39 countics and five hydrologic sub-regions
having climates ranging from arid to maritime,

The water resources of the western slopes of the central portion
of the Coast Range Mountains and of San Francisco Bay and its
principal tributaries, the Sacramento and San Joaquin Rivers, have
supported the development of cne of America's most prosperous regions.
This prosperity has been achieved through imaginative development,
management and utilization of these water resources in combination
with continuing expansion of land resource use. The San Francisco
Bay - Delta Region has become one of the five largest metropolitan
areas in the United States.

The water resources of the Study Area support a large and
highly successful cconomy based on the irrigatior of over seven
million acres of agricultural crons. The wrinated area is expected to
grow to about nine miliion acres by the yeur 2020 if adequate water
supplies can be developed. The c¢iadual deterioration of the auality
of available water, particu’arlv grovundwater, is of great concern
throughout the Study Arca. Increased uses ol upstream waters and
introduction of concentra’ed retuin flows have lowered the quality of
water available to many downstreain users.

Maintenance of the existing level of prosperity in thesc areas
with future developments will reguite continuing ~xercise of the
imaginative recource developmen: and management activities of the
past. The timely nead and corresponding public concern for compre-
tensive ana innovatlive new concepts in resource deveiopment and
managataent clearly demand that new prograins oo
tion fo: values not considered within traditionul resouvrce develepicnt
programs.

mstirate considera-

Atmong these valueg are those associated with protecizac ang
improving our environ.went, The water resources of San TFrancisco Bay,

o)

the Sacramento and San joaguin Fivers, and the Delte support many

unique and important natural tesources ol regional and pational interest.

.

Protection of these resouices nas resuitec in a continuing effort to
effectively manage wastewaters frem oil sources.

Amonua the steps resuliing from this concern has been an effong,
reflected through nafional, state and local policies ardt construclion
programs, Lo impiove the guelite of treated mumacinal apd indusirial
wastewaters prior to discharge s receiving bocses. ‘This eifort has

led to a broad cousidoration of manicipal and industr:.1) wastewaters
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as a resource potentially suitable for diverse uses in a variety of
locations. Consideration of wastewater as a usable resource rcflects
an attention to economic and environmental objectives within the
context of modern comprehensive planning goals.

Continued efforts to raise the efficiency and performance of
present waste treatment processes to meet or exceed projected water
quality standards will require substantial increments in capital,
operation and maintenance costs. Prior to commitment to these costs,
evaluation of a wide r{mge of alternative wastewater management and
treatnent systems is needed. One of the least explored of these
systems is use of the earth's soil mantle to accomplish wastewater
trectment objectives equivalent or superior to those achievable by the
installation and operation of sophisticated additions to conventional
treatment plans. Substantial bencfits, represented by reducticns in
waste lreatment costs, may accompany such a system. Of major
luterest are also the additional benefits which may accrue to the land
sitee through increased productivity and the additional opporturities
for further recoverv and beneficial reuse of the wastewater.

The concept o‘.astcv.ratcr reuse cffers a number of attractive
opportunities for environmental enhancement. Maximum use of natural
nrocesses to accomplish purification of wastewater is in keeping with
the goal of management of all resources--air, land and water--as a
total recirculating system. Opportunities for environmental benefits
include the release of presently committed higher quality water
resources for higher levels of use and the elimination of eaviron-
mentally undesirable overdrafts oi existing resources in water
deficient areas.

2 - Previous Studies

In July 1971, the Corps of Engineers, San Francisco District,
completed a feasibility report titled "Alternatives for Managing Waste-
water in the San Francisco Bay and Sacramentce - San Joaquin Deita
Area" (Ref. 2). The objectives of the study were:

" ... to consider the problem of regional waste-
water management; to investigate tho opportuaity
offered by regional wastewater management; and
to explore the need {or a subsequent more
detailed study of the problem."

e A— ——y -
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The conclusions of the feasibility report have set the stage for this
study to identify and evaluate specific land sites where secondary
waste treatment plant effluent could be constructively applied in a
manner that would not endanger any of the parameters of environmental
quality and could, in fact, enhance the environment.

Over 130 land sites in California are now being used for waste-
water reclamation and these sites produce an annual volume of about
46 billion gallons (140,000 acre-feet per year) of reclaimed water
(Ref. 1). Seventeen of these sites are located in the 12-County Bay -
Delta Region and 70 are located in the combined Study Area of this
report. Thus the concepts and methods of applying wastewater to land
sites for reclamation purposes are not new. The scale of the applica-
tion envisioned and the regiona!l framework in which land application
of wastewater has been studied in this report, however, exceed the
scopes of any previous studies.

Many studies of proposed and constructed water resource
development projects have been made in the Study Area by various
federal, state, regional and local agencies. Those projects situated
in or near any of the selected sites are discussed in the Site Identifi-
cation section cf this repnrt. The availability of data from these
studies ranges from published reports to unconsolidated files.
Although a considerable effort was made in this investigation to gather
all pertinent existing data, there are some less prominent and less
readily accessible data which have not been used.

3_- General Study Approach

There are extensive land areas in the Study Arca which, although .
requiring long conveyance facilities, must be considered as potenuial ,:
sites for wastewater application. Trom a practical standpoint, however, ‘
only a limited number of sites could be given meaningful evaluations
and it was necessary to identifv those sites which are representative
of much larger areas. Using this approach, on-site factors sucn as
unit applicction and recovery rates, unit costs and potential benefits
can be made to apply with some qualification to areas that were not
selected for the more detailed study.

A screening method based on exclusionary criteria was = plied
to the 70,000 square mile Study Atea to elimina‘e a large poition of the
area from further consideration for si cs. This corecning nrocess

st A .
resulted in the idontification =f 1% patentinl gitos, fioo which nine
sites were sciected for fartne: svody on the basig of thol reproscaleiive
AL
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qualities, accessibility, soil suiltability and other comparative
advantages.

The nine representative sites selected for further evaluaticn
represent a broad range of alternatives for application of wastewater
to lands in the Study Area rather than just the lowest cost alternatives.
Four of the sites selected (Sites 5, 12, 27 and 43) will probably be
more expensive to develop from the technical engineering standpoint
but are expected to provide primary economic benefits to the land with
secondary benefits to the environment. Three sites (Sites 4, 18 and
21) were selected to represent the opportunity for primary environmental
enhancement with some secondary economic benefits. Only two of the
sites (Sites 28 and 42) were selected because they are near major
wastewater sources and thus will approach a minimum cost of develop-
ment.

The characteristics and distribution of each dominant soil
association occurring in the nine sclected sites were identified and
vegetative covers recommended for each. The {our general categories
of vegetative cover recommended are forests on the steep uplands,
pasture grasses on the terraces and uplands. general crops on the
basins and alluvial fans, and marsh type grasses on the allvvia! fans
uscd for high-rate applications. Three limiting rates of wastewater
application are given as follows:

1. Soil application and infiltration capacity limit
2. Vegetation survival limit
3. Vegetation optimum growth limit

The resulting rates of waler 1ecovery and groundwater recharge
are presented for three alternative combinations of land use and
wastewater application rates.

Potential methods and problems in developing and managing a
typical waterstied of a site were investigated as well as probable
ranges in unit area costs and gross crop economic values.

A baseline environmental assessment of fish, wildlife,
recreation and public hecalth based on available published date and
judgments was carried out for the selected sites. Tuture environmental
studies required and their relative importance were
identified for cach of the sites. Some of the mote cbvious charaes
in environmental conditions with future wastewater application t¢ the
sites are identified end, where needod, notential mitigation of
undesirable effects js discussed.

A-D




4 - Technical Consultants

Recognizing the need for specialized expertise and local
experience in a wide range of engineering and environmental areas,
a team of Special Technical Consultants was orcanized at the outset
of this investigation. The consultant team was composed cf the
following:

Consultant Technical Areas
PBQ&D, Inc. General Consultant

Paul H. Gilbert
Harold K. Creed

Kennedy Irgincers, Inc. Water Quality and

Robert M. Kennedy Public Health
William A. Anderson

Harding, Miller, Tawson and Associates  Geology and Ground
Richard 5. Harding Water
Frank C. Boerger

Jones & Stokes Associates, Inc. Fish, wildlife and
Charles M. Hazel Recreation

San Francisco Bay Marine Overall Environmental
Resecaich Center Analysis

Curtis L. Newconibe
Herbert L. Mason

James W. Biggar Soils, Vegetation, Water
James N. Luthin Quality and Drainage
Stone and Associates Forestry

Edward C. Stone
Robert M. Hagan General Review
P. H. McGauhey General Review

The consultant tecam participated in two ceneral mecetings during
the initial phase of the investigation. Based on these meetings, six
reports were prepdared on site evaluation critetria. All of the consultants
contribuled site evaluation mateiic: s that have hoen incorporsiad
directly into Vclumes 1, I1 and 1L cind their uned:ied matericl: fiave

A=




been assembled in Volume IV of this report. Their work is also cited
in the Bibliography.
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B. AVAILABLE WASTEWATER

1 - Present and Projected Wastewater Flows

The present and projected average annual flows of wastcwater
from each of the 12 counties cf the Study Area are given in Table II-B-1,
The total projected flow (1.6 billion gallons per day or about 1,8 million
acre-feet per year) is substantial, and, if collected at one point, would
provide a significant contribution te California's total water supply.

Considering typical rates of water utilization, the estimated
volumes of wastewaters originating in the Study Area in the year 2000
(1.8 million acre-feet per yecar) woula be sufficient to stisfv anv one
of the following uscs:

a. Supply of annual irrigation water demand of between
300,000 and 600,000 acres of agricultural land.

b. Supply of sufficient process water annually for a numbor of
large industrial complexes composcd of high waier using
industries. One such industrial use could ke adeguuic
cooling water for 60,000 megawatic of thermal generating
capacity.

c. Supply of the annual reaquirements of 300,000 acres of wet-
land area within the Pacific Fiyway used for wintesing
habitat and production of wate:fowl.

d. Enhancement of between 0.5 and 1.8 million acres of land
with native vegetation to diversify vegetal cover, thercby
improving the characticr ¢f the landscape of these uieas
and creating new wildlife habitats.

e. Provide from 0.4 t> 0.9 million acre~feet of wuier annually
for the augmentaticn of flows in & number of moderately
large sireams to cieate or en! ince aquatic commnunities in
thece strecms and to provide water-oriented recreational
ovvaitunities,

f. Supply of 1,8 wmillion acre-fcot of water annually to the
Sacre mento-Sun Tosguir Delte and Suisun Bey for flushing,

Lo arpes suracion of sett watm cad to relieve the major

storeger recelvsire o the valloy of the domand to delives
over cae million acre-fvat o Liqher qualiiy water for inis
Purpes
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Table II-B-1

PRESENT AND PROJECTED MUNICIPAL WASTEWATER FLOWS

Present Projected
Average Design Flow for
Flow 1/ Flow 1/ Year 2000 2/
County (MCD) (MGD) (MGD)
San Francisco 120 166 130
San Mateo 65 91 98
Santa Clara 160 200 3/ 350
Alameda 126 296 208 ‘
Marin 28 37 60 |
'Sonoma 16 19 45
Nepa 7 14 21 :
Solano 22 67 7z ;
Contre Costa 61 87 347 1
Yolo 14 15 40
Sacramento 80 ' a7 ! 101 1!
San Joaquin 34 l 68 17 _ll
Bt IT mgg o E o geme 08|

NOTES:
1/ Tom "Existing Municipal Wastewater Dischargers in the 12-County
San Francisco Bay and Sacramento-San joaquin Delta Region," Corps of
Encineers (tabular data),

2/ FPramn correspondence .om Cops of Fngines ¢ and based on county
povulation projection .,

4 : . x : = ™o il 1 ~
3/ Value cstimoiod Locause data nissing. reeED, ne,
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The projected water quantity estimates, given in Table II-B-1,
are based on the trends of several parameters. Population forecasts,
land use projections, anticipated industrial growth and changes in
industrial processes and wastewater treatment technology are all factors
that can markedly affect the validity of these estimates.

Increases in the per capita household consumption of water will
probably continue. Greater utilization of labor-saving home appliances
such as automatic clothes washers, dishwashers and home garbage
grinders will produce greater volumes of water, detergents and organic
waste loads in sewage.

However, plumbing devices are available which could substan-
tially reduce certain elements of hotsehold water usage. The Britich 1
dual cycle water closet uses a 2.5 gallon flush for solids and 1. 25
gallons for urine; the average fluch tank volume in Sweden is less than
three gallons. American fixtures reduire S to 6 gallons for each use.

The volume of industrial wastewaters can be controlled by reuse
of wastewaters, separation of storm runoff and relatively clean non-
process waters from process waste, changes in the industrial precesses
and through general conservation of water.

It has been assumed that in the year 2000 all non-process flows
such as cooling water will be discharged directly inte an estuary or
oiher nearby body of water. Non-process water is usually of such
quality that it may be discharged directly into neighboring waters with
a minimum of on-site treatment. Since most of this non-process waste-

. ) : . :
water is cooling water, the only treatment necessary may be to cool it
sufficiently to avoid thermal pollution. Non-process wastewaters could
also be applied to land sites but would increase the size of wastewater
treatment and conveyance facilities and lund areas required.
J

2 - Projected Waste Treatment

All wastewaters including industrial wastewaters aveailable to
the regional collection and conveyance systeme are assumed to have
received standard or equivalent secondary treatment. Normal unit pro-
cesses of secondary treatment are screenina, sedimentation, primary
skimming and clarification, aerated digestion of the wastewater, secon-
dary clarification, sludge thickening and digestion and dizinfection.
In addition, industrial wastewateres are assumed 1o have been sufficiently
treated to he acceptable to a normai waaicing] i Loeatment plant,
Figure 1I-B-1 gives a conceptual 1w beniam of the corventional
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activated sludge treatment process and the alternative methods of
handling waste products.

Table II-B-2 gives the average constituent removal coeificients
expected for secondary waste treatincent in the vear 2000. The removal
coefficient for total dissolved solids (0) assumes that there is an equal
conversion of crganic dissclved «o!ids to suspended solids and of crganic
suspended solids to inorganic dissolved sclids during the treatment pro-
cess. The removal efficiencies cited in Table II--B-2 are consistent
with current processes. It is expectsd that most plants that will be in
operation in the year 2000 are plants now in operation or in the decign
or construction phases. Existing plants are expectad to be upgraded
to provide this degree of treatment, and plants in the design or construc-
tion phase will provide secondary tieated effluents. It is also assumed
that for plants that become overloaded the units built will maintain this
standard of cewage treatment,

Existing plants are of the biologic treatment type. Physical-
chemical treatment of wastewaters =nd tertiary treatment may be accom-
plished for select discharcers in the near future. However, the impact
of thiese advences on the iotal voimie of predicted wastewater availa
bility will be rather limited in the Study Area hefore the year 2000.
Therefore, the treatment plant effluents discusscd in this cection are
com:lc‘(-'mi to have becn treated by conventional biolegical proce
and disinfected to current standards.

It ic assumed that disinfect:on will be accomplished *> the
point that there will not be a public health 1‘.u.::‘:r?. \”."tll a cood sec-
ondary effluent, one that is highly clarified and oxidized, good control
of microorgarisms can be ultmucd Ry (:nlorm‘;tjnn. .’\un.e;c:ﬂ.':» virusc
are more recistant to chlorine then coliforn bacteria (the standard
indicator for bacierial pallution). Methods of using viruses as an
indicator of chlcrination cfiiciency with practical analysis for routine
use eore noi yet available, Fxcopt [or hepatitis, clearly defined cut-
breaks of viral diseases traced to waters have been rare. /\d'u“.wm-:.

in the area of disinfection of wastewaters include the use of ozone,
which is widely used in Europe, and radiation. With advencements in
detecting viruses and the applicsticn of new techniques of disiniection,
it is expected that the public heelin hazard from microorszanisms in the
wastewaters will continue to b2 min and cortrollable.

There @+ , however, standaids limiting the use of zewage as
irrigaticn water. The State of Celtornia Public Health Service recuiic
a median MPN of 2.2/100 m! for €p vy irrig-tion of procduce and o medisn

MPN of 23/100 mi for irrrgation of processed ivad «vnp.s Lef, 1), Sta




dards for other constituents are not given. In general, the regicnal
water quality control boards judge waste discharge requests on a case
by case basis and in terms of established objectives for use of the

receiving waters. The boards have not in the past set water quality
standards for irrigation water.

B=OHa *




Table 1I-B-2

ESTIMATED SECONDARY TREATMENT PLANT
REMOVAL COEFFICIENTS 1/

Constituent Estimated Removal
Efficiency (percent)
Biochemical Oxygen Demand (BOD) - 90%
Total Nitrogen (TN) - 30%
Total Phosphorous (TP) - 30%
Total Suspended Solids (TSS) - 90%
Total Dissolved Solids (TDS) -0 -
Phenols - 80%
Gross Heavy Metals (GHM) - 40%
Oil and Grease (O&QG) - 70%
NOTES:

1/ From Ref. 2




3 - Projected Wastewater Constituents

The constituent data for treated municipal wastewater given in
Table II-B-3 have been prorated according to the latest flow projections
given in Table II-B-1. The untreated quantities in Table II-B-4 were
obtained by applying the removal coefficients from Table II-B-2 to the
municipal treated quantities in Table 1I-B-3. Table II-B-5 gives the
individual breakdown of industrial waste constituents which have been
grouped by counties using the code numbers given the industries in the
Kaiser study (Ref. 3). Missing data has been supplemented by Takle
II-B-6 which has been averaged from the data reported by Brown and
Caldwell Fngineers in their study of Contra Costa County (Ref. 4). Use
of these supplementary data is valid for Contra Costa County but there
is some argument against their use for the other counties. There are
differences in the water supply in each area and variations in the raw
materials, processes and operatior. and maintenance programs within
different plents in the same industry. These diiferences are responsible
for the variations in wastewaters fiom similar industrial types at different
locaticns., Table II-B-7 gives the variations in water quality supplied to
the different municipalities and industries in the 12-county Study Area.

Because of the explainable variations in water quality and be-
cause the industrial flows in these areas are relatively small compared
to the municipal wastewcter loads, Table II-B-G has been used to sup-

plement the data in Table 1I-B-5 for the counties other than Conira Costa
County.

Tables I1-B-8 and II-B-2 consolidate the data in Tables II-B-4,
[I-B-5 and II-B-6. The values in Table 1I-B-10 are derived by applying
the removal coefficients (Table I11-E-2) to Table 1i-B-9 and represent
the typical wastewater effluents that would be expected from a single
facility that either provides standard secondary treatment or collects
the cifluents from county-wide secorndary treatment plants.

A review of Table 11-B-10 incicates the effect of industrial
wastewaters on the quality of wastewaters froin cach counity. Contra
Costa County, because it is the industrial center of the area (65% of
the total projected flow i= industiial), 15 a striking example. The
wastewater has very higch concentraiions of total dissolved solids
(1,000 mg/1) and phenols (0.010 ng/1). In Naoa County, as another
cxample, wastewater is markedly influenced by only one meior industry.
This industry discharges lass than & per cent of the total county flow
but increases the average concei'r i of grors hea vy metals (GHM)
from about 1.2 mg,/1 to the 22,0 n:r;/) chown in Tatie 1T-K- 10,
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Table II-B-7

VARIATION IN QUALITY OF MUNICIPAL WATER SUPPLIES 1/

Utility

Source of Supply

Average Total
Dissolved Solids
(mg/1)

East Bay Municipal
Utility District

San Francisco

Sacramento

San Jose

Stockton

NOTES:
1/ From Ref. 4.

Mokelumne River

Upper San Leandro
Reservoir

Tuolomne River
Peninsula Reservoir
Sacramerto River
Local Supplies

Local Supplies

50

110

30

450

120

260

280
ST

PBQ & D, INC,
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Many wastewater constituents have not been reported because
there is insufficient reliable informetion available. The lack of com-
plete information for phenols is obvious. More complete information
would include a breakdown of the heavy metals (mercury, copper, lead,
chromium, etc.), the inorganic metals (sodium, magnesium and calcium)
and the salt radicals (chlorides, carbonates, sulfates and bicarbonates).
These data would permit a determination of the sodium adsorption ratio
(SAR) which is a means to classify waters with respect to the potential
of sodium to cause leaf burn in sodium sensitive plants and the residual
sodium carbonate (RSC) which is a measure of potential impairment of
soil permeability by sodium. The lack of these data can be significant
when considering the application of wastewater to land sites. Many
crops have limited tolerances to salts, trace elements and other toxic
materials and the wastewaters should be analyzed to determine the
quantities of these specific constituents. Vhen the specific wastewater
constituents are known, the suitability of various soiis and crops for
wastewater application can be more precisely determined. A wastewater
not meeting the required quality can be further treated or specific waste-
water sources excluded from land application.

A - Pluctustion of Wastewater Discharges

Wastewater discharges exhibit sessonal, diurnal, weekly end
accidental fluctuations. Seaccna! fluctuvations are caused by industries
and seasonal weather paiterns. Principal seesonal industries are the
food packing and canning industries which operate at veak activity
during the later summer and fall months.

Precipitation during the November thirouch March period will
increase the flow in sanitary and combined sewers through infiltration
of ground water and illegal connection of storm drains Lo sanitary
sewers. The increased velocity during these high flows flush accwnu-
lated organic and inorganic deposits to the treatment plants, Many
plants serving combined sewer systems bypass their influenis directly
into neighboring receiving waters during short periods of hagh {low,

Industrial variations depend on the process opa ation cixd main-
tenance activities of indivicdual industries. In addition, accidental o
intermittent discharges of very strong wastewaters containing toxic

materials may occur.

Diurnal variations in wastewater flows are caused by both
domestic and industrial activities. Domestic activity causas maxinuin

\

sewage flows and strengtlis at mid-morning with @ lecser peak cooning

B=t 6




in the early eveining. Weekly varlations are also dependent upon do-
mestic and industrial activity, generally resulting in lower loadings on
weekends. )

Poorly constructed or maintained sewers adjacent to the Bay
are subject to increased infiltration of Bay water and fluctuations
which are dependent upon the tidal cycle. This infiltration causes
increased flows and increased totai dissolved solids concentration in
the wastewater.

The wastewater available to the land sites was assumed to be
uniform in both quantity and quality throughout the year. The storage
capacity available in the treatment plants and collection and conveyance
systems would probably be sufficient to eliminate most normal fluctua-
tions.
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C. WASTEWATER APPLICATION AND SOIL TREATMENT

Soils and their associated vegetation hove the potential to treat
wastewaters to a high level of purity. High removzl of many wastewater
constituents can be obtained through the soil unit processes of filtra-
tion, sorption and ion exchange. However, these processes can only
be maintained through careful management of wastewater application
rates and the vegetative cover. The frequency and duration of soil s
ration must be chosen with considcration of the soil type, vegetation
desired and the constituents present in the wastewater. The intorrela-
tionships of these factors are complex. Pilol proarams are reauvired to
test the suitability of soils at specific sites to treat waciewaters and
to determine proper loading parameters and management concepts before
large scalc operations are instituted.

1 - Soil Precesses

The principal physical and chemical treatment mechanicms cuer-
ating in soils are iliration and sorption. They are described ir the
following material abstracted from Ref. 15, pp. 127-138,

"Filtration is one of :l.¢ most apparent processes for which
soil materials can be uiilized 12 a water treatment system. Not only )¢
filtration important lor removing suspended particles from wastewater,
but it is also the mechanism that retains microorganisms and facilitalos
biological trecatment of discolved and suspended organic matter. Fvers
though the remcval of susperded particles from water flowing throvgh
soils is easily observed, the provesses involved are difficult 1o dezerik
except in simple cases, The simnle mechanisms, however, might be
combined to describe more comple situations.

(2

" G

( he simplest systein

to descrile i1s one havirg the following conditions:

¢l - Straining: . i ‘he Soil Swurface. Tt

a. Saturated laminer ficw,

b. Rigid medium.

¢. Noncohesive ricid cuspendesa narticlies,

d. Suspended particles larger than the pore openings in the
edium, h

"Under these conditions the susperded perticles accumulate on

the ~oil smfuce as water pasecs dinnugh the <ail and these particl
themsa2lve o become the filter. Such a filter i= cepable of rTemuving even




finer particles, by one of the several mechanisms herein described,
before they reach and clog the original soil surface. This phenomenon
will in fact largely be dominant if only a portion of the suspended par-
ticles are larger than the pore openings., As soon as a few such particles
have accumulated, they become the straining suriace for finer particles.

"While such a surface produces effective, nearly complete cepa-
ration of fine suspended particles, it immediately restricts the flow,
and as the accumulation of fine particles becomes thicker, its lower
hydraulic corductivity dominates the system.,

"Case Il - Bridging. When saturated laminar flow occurs in a
rigid medium receiving noncohesive rigid suspended particles slichtly
smaller than the pore openings, the phenomenon of bridging becomes an
important factor. Under these conditions, suspended particles penetrate
the soil surface until they reach a pore opening or passageway constric-
tion that stope their passage by blocking them individually or by bridaing.

"Two aspects of this mechanism are important: the relation be-
tween the largest suspended particle size and the samllest constriction
along a passaceway determine whether this process prevails; and accu-
mulation oi particles occurs within the perous medium behind the passage-
way obstruction. FBecause the particles accumulate within the pores of
the medium rather than on the medium surface, the resistance to flow
through it is greater. The resistance will be, say, two to three times
as great as an equal depth of fines under the conditions of Case I. When
the pores fill to the soil surface, subsequent accumuletion will occur as
in Case I.

"Cace Il - Straining and Sedimentation. This case includes all
of the conditions for Cases I and II except that the suspended perticles
are finer than half of the smallest pore opening.

"Removal under these conditions results irom flow of a portion
of the fluid through the regions adjacent to grain contacts that are tco
small in one dimension for the passage of suspended particles, ana
from sedimentation of particles from the water flowing through enlarged
portions of passaaceways.

"Cheracteristics of Mechanisms. The straining mechanism: of
Cases I, 1l and Il differ in the way their removal rates change as p-r-
ticles are removed and in the way they affect the hydraulic resictance
to flow. Siraining of mixed particle cizes undar the conditions of Ch-os
I and II becomes more effective as p.rticles cccumulate. Stralning of
mixed particles whose largest size 15 much smaller than tho filter
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diameter, Case IIl, becomes generally more effective for the smallest
particles as the larger particles accumulate, but then less effective as
straining sites become filled. When the straining sites are filled, sus-
pended particles can only be removed by a mechanism other than simple
straining. The available volume for accumulated fines is least for the
straining conditions of Case III.

“"The hydraulic conductivity, on the other hand, decreases
markedly as particles accumulate under the conditions of Case I, and
becomes determined by the conductivity of the layer of accumulated
fines. The hydraulic conductivity under the conditions of Case II de-
creases even faster than in Case I as particles fill the pores of the fil-
ter. Under the conditions of Case 111, however, the accumulated parti-
cles merely smooth the walls of the passageways, and the reduction in
conductivity depends on the portion of cross section removed. It will
in general be much less than either Case I or II.

"Unlike the straining mechanisms, removal by sedimentation,

Case III, is sensitive to direction of flow and to the local velocity.
Separation of common organic particles, whose density is close to that
of water, is accomplished initially micre rapidly by straining unde:
ordinary flow conditions. As the straining sites fill, howev
tation is the only mechanism available for separaiing pa
very small relative to those of the medium, The capacity ¢
mentation system for holdino removed particles appear:

than Case 11l straining, and Lecause it can continue over
of filter, it can provide the greatest capacity for storage.
} )

"Cases with Cohesive Particles. When suspended pardcles are
cohesive, they can form aggregates. Clay particles, bacteria, many

organic particles, and many hy-drous oxides and other hydrated compounds
are at least weakly cohesive under common conditions. The filtration of £
cohesive particles is the more usual situation.

"If the particles are aggregated before they enter the filter, the
size distribution and density of the agaregates will determine their initisl
removal rates as the particles approach or enter the filter, as described
for particles under Cases I, Il ana III. When the particles accumulate
on the soil surface or clog pores by bridging, they will continue to eccu-
mulate as described for rigid particles, If, in eddition, there develops
a sufficient difference in pressure across the clogged zone, the agare-
gates will deform and be forced farther into the pores of the filter unti!
they appear at the offluent of the filter or until there 1s cufficient mc ch-
anical resistance ~f the aggregates to deformation to resist further pene-
tration., This situaticn calls for drastic corrective action and ghouid he




avoided,

"Cohesion of suspended particles probably occurs infrequently
without adhesion of suspended particles on the grains of the filter
material. As pointed out above, larger suspended particles tend to gather
smaller ones. The argument can be extended to the even larger particles
of the filter matrix.

"1t is apparent that all cases have not been covered in this sum-
mary. Particles that alter their character during their passage or lodg-
ment in the filter are important but as yet difficult cases to describe.
Biological growths, for example, are of central importance to this study,
but present knowledge limits the description to (a) continuously anaerobic
growths cause clogging; and (b) wetting and drying is ecsential to main-
tenance of permeable structure of & soil-mineral-organic matrix,

"Chemical reactions that continue within the filtering matrix
also make filtration processes difficult to describe.

"There is little question that filtration system design will bene-
fit from developing knowledge of the mechanisms of transport, aggregation,
deformation, chemical reaction and separation processes that go on
within the {:lter pores.

“Sorption is the second major physical/chemical mechanism,
The preceding section on the mechanisms of removal of cohesive particles
from fluid flowing through soil or soil materials can be extended to in-
clude removal of molecules, aroups of atoms (croplets), and atoms that
adhere by one mechanism or another to the surfaces of s0il matrix parti-
cles. No effort will be made here to distinguisih between particles held
near the surfece, on the surface, or in an irregular surface; the nonzom-
mital term "sorption" is used to include all of these cases.,

"In its most general sense, sorption can be described as accumu-
lation at interfaces of materials, usually in different phases, and it can
include particles that migrate into the surbent (i.e., are absorbed).
Sorpticn by soil or biological materials provides the separation of dissoived
constitucents from wastewaters and their retention for bio-degradatic:: or
chemicel oxidation, The brief description presented here should Lielp in
the evaluation of the importance of these processes to a wastewato:
treatment sys‘em design, "

"Affinity of dissolved or suspended matter (sorbate) for particies

in the soil (sorbent) results from the attraction of an unlike electro: titic
charge (ion exchange, for example), van der Waal's attraction (all 1 :.ter
(. “
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at close proximity), and valence bords, A fourth factor that contributes
to the affinity between sorbent and sorbate is the solubility of the sorbate
in the surrounding fluid. If the molecule is hydrophobic, for example,

it will try to leave a water solution and will accumulaie at any surface
not repulsive to it. These factors emphasize that sorption is a process
that involves simultaneously the solvent, the sorbate and the sorbent.

"Most materials are readily sorbed from water solution: water
molecules appear to like other water molecules better than they do most
substances. This is one reason that so many compounds accumulate at
soil-water and water-gas interfaces.

“One important exception to this generalization is the strong

electrolytes. These are compounds that dissociate in water and exist

in solution as independent charged particles, or ions. They appear to
have a oreater affinity for water than for other ions, they tend to hvdrate
and exist in clusters of water molecules if their diameter is smaller than
that of the potassium ion, and they tend to have a lower concentration at
water-gas interfaces than in the bulk of the solution. Their charage, how-
ever, causes their accumulation in solution near charged surface sites

"Ions held near clay mineral surfaces can be displaced by ciher
ions in seclution or "exchanged." Net exchange, or alteration of the
ions of different kinds, tends to occur if there is a greater
abundance of one kind in the displacing solution than in a soluti
equilibrium with the sorbed phase, or if the ions in the displaci
have a smaller hydrated size, or if they have a greater charge so that the
attraction between the ion and the charged mineral surface is greater.

pt r\‘_r\r”"‘ 10N

v et n

"1f a solution containing ions different from those in equilibriu:
with ions in the sorbed phase is passed continuously through @ soil with
a capacity to sorb ions, an Ion Exchange Capacity (IEC), there will be a
progressive exchange in the direction of flow between those in solutio
and those already sorbed. There will be a transition reaion where active
he sorbed phase is oceurring, followed by the region where
‘ the sorbed phase has already reached equilibrium with the ions in the
displacing solution, Present knowledge is inadequate to predict such
exchange rotes and the interstitial solution composition except in very
simple systems,

| alteration o

"Two aspects of 1on exchange are important to wastewater treat-
E’ ment: The exchonge process does not reduce the ion conceniration of

the waier on an eavivalents per liter basis because already sorbed jens
I are displaced by the newly sorbed 1ons. The net effect of ion exclic nao
on the composition of waters flowina throuah soils is to delay the rcce-
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ment of the sorbed ions. If there is @ temporal alteration, such as
radioactive decay, utilization by plants, or chemical reaction, such a
delay would be beneficial. Otherwise, the major effect of exchange
processes is that already described on soil structure and permeability.
Eventually the sorbed ions will reach equilibrium with the entering
solution along the entire path of flow. If this occurs within the life of
a wastewater treatment system, the effluent constituent ions will be
the same as those of the influent,

"When water flows throuah scil, equilibrium concentrations are
seldom attained in the region of the "front" of intruding solute. The
kinetics of such a system can ke limited by diffucion to the surface of
the sorbent particle (small particles move faster, the flux ic proportional
to concentration gradient), by intraparticle diffusion, or by the nature
of flow in the porous matrix, The discussion of equilibrium scrption here
does show that the factor important to sorption capacity is surface area,
or number of sorbing sites, and that the relation between concentration of
dissolved and sorbed phases depends on the bond strangths with which
the sorbed molecules or ions are held or on the tendency for the solvent
to reject the scrbate, and on the number of unoccupied sites available
for sorption.

"Sorption is @ complex, vital process in wastewater ireatment
systems that deserves further study. Sorption phenomena can he seen
to be essential parts of filtration, ion exchange, interface accumulations
and precipitation (self-adsorption). It appear: ititative determi-
nations of the effects of these nrocesses, if desired, willi usually have
to be made on a sample of the particular system itzelf, or en analocous
systems. Useful information for design purposes can be cbiained by
observing the behavior of typical wastes on the simplest porous media

as done with settled domestic sewage by Orlob and Krone." (Ref. 15)

il

2 - Soil Classification

Natural soils may be considered as complex mixed-media filiers
having particle sizes ranging from over 560 microns (0.5 millimeter) to
less than one micron. Their properties will vary widely and this variation
is indicated by a variety of generalized descriptive terms. Table 1I-C-1
gives a few of the methods and terms used to classify soils,

No single classification: is sufficient to establich the hydraulic
percolation capacity (infiltration), water holding capaciiy (field capacity)
and structural strength of o particular soil. The capacities of a soil to
support veygetation and to modify the constituents of applied wastewaotaor

. C-6




Table II-C-1

SOIL AND SUB-SOIL CLASSIFICATION METHODS

Parameter

Descriptive Terms

B e i Sy e R e S Sl e S St

Texture (very general)

Particle Size
Distribution

Association (identifies
characteristic by location)

Surface Runoff Potential 1/

o et
Capability (for stated L/
use such as agriculture)

Geologic Location

Light, medium, heavy, etc.
Sandy loam, silty clay, etc.
Yolo-Brentwood, Marvin-
Rincon, etc.

Group A, B, C, ete.

Class I, II. 111, ete,

Marir.e Terrace, Alluvial
Fan, etc.

NOTES:

1/ From Ref. 29




can be estimated with some degree of risk by interpretation of classifi-
cations and by judgement.

A basic aspect of most soil classifications in the United States
is the use of descriptive local names such as Yolo, Rincon and Panoche
which generally refer to towns, counties or other identifiable areas.

& Hence, a Yolo soil is common in but not restricted to, Yolo County,
California. This same or similar soil located in another county may,
however, be given another name sucl: as Columbia. From these names,
coupled with a broad knowledge of local conditions, a classification of
soil suitability for an identified purpose can be made.

Table II-C-2 gives a description of each of the soil associations
occurring in the nine selected sites and an estimate of its infiltration
capacity without regard to the vegetaiive cover that may be assigned.
The basis for this estimate is discussed in part 3 of this section. The
soils listed in Table II-C-2 are further discussed in Section L.

There are presently no reliable parameters or probability distri-
butions that describe the actual field variation in areal extent and
characteristics of any particular soil association. Following sections
in this report utilize general classifications and characteristics of soil
associations and do not demonstrate the variations that occur among
soils and within so0il associations. The general classifications and
characteristics utilized are approximations and must be verified b
detailed field tests before assumptions of soil zuitability and performance
are made and before permenent facilities are constructed.

Even though soil classification by generalized soil groupings,
associations or capability classes admits the possibility of substantial
error, they have been widely used in the past as @ basis for planning
estimates. The Bureau of Reclamation uses gencralized soil classes
in planning irrigatior projccts.

3 - Soil - Water - Infiltration Relationships

The primary result of the application of wastewatoers to soil is a
decrease in the permeability of the soil. Figure II-C-1 represents the
typical time - infiltration rate curve for applications of sterile water,
clear water and wastewater to soil.

- v -
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For clear water, the first portion of the curve (Stage 1) indicates
a decrease in infiltration rate due to slaking of the soil. The soil slak-
ing is caused by the affinity of the internal soil surface for water and
the overcoming of the cohesive forces holding the soil system together.
The increase in infiltration rate in Stage 2 is caused by the removal of
alr entrapped in soil by solution intc the water. The final portion of the
curve for cicar water (Stage 3) indicates a gradual decrease in permeabi-
lity from microbial action in the soil. The lack of air in the soil-water
system allows anaerobic organisms to feed on the organic matier in the

C-8a*
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soil-water system and produce biological slimes.

When sterile water is applied to sterile soil, the long-term
decrease in infiltration rate due to microbial action does not = —cur.
This fact gives an indication that the decrease in permeability from
wastewater application is caused by anaerobic slimes in the soil-water
system. The treatment plant effluent with its large supply or organic
nutrients causes a rapic growth of microorganisms and a continuous
decrease in the infiltration rate.

Figure II-C-2 shows that a water-soil system should be inter-
mittently rested to restore the infiltration capacity of the soil. In
resting, air becomes available to the microorganisms and the organic
material is decomposed by aerobic organisms thus, "reopening" the
clogged soil pores and restoring the infiltrative capacity of the soil
system. The sustained rate is the estimated average long-term rate
resulting from the combination of application and resting periods.

In almost all soils a resting period dries out the coil and restores
aerobic conditions and the initial infiltration capability. Resting periods
appropriatie to any locale must be established by testing under {icld con-
ditions., Generally, revorts on wastewater application systems indicate
that for about one half to three-fourths of the time no wastewater should
be applied.

Extensive tests on disturbed samples of five sandy soils in
California were conducted at Loai, California in 1953. Physical and

Lysimeters filled with these soils were used to determine infiltration
rates for fresh water and primary sewage effluents. Thoce infiltration
rates achieved for fresh water might be considered representative of
the infiltration rates related to the structwre of each of the soils,

The University of California at Davis has carried out studies of
the infiltiation capacities of 20 covered test nlots of about 450 scuare
feet each located in a 100 acre test site at their West Sice Field Station
near Firebaugh, California. The tests were conducted by nonding fresh
water on each test plot until the infiliration rate was stabilized. The
water was then removed from the nlot and the changes in soil moisture
content at various depths were ineasured continuously until near-equili-
brivm conditions weire achieved. The stabilivzed infiltration rates (IR)
and the drainage 1ates for selected plots are shown in ligure 1I-C-3.
Although the entire tost cite is clessified as a Panoche Series soil the
in/itration iates varied by a factor of nearly 100. Similar variations can
be expected in most coil associations,

=11
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In contrast to the infiltration rates for fresh water, Table I1I-C-3
shows equilibrium infiltration rates for primary effluent on the order of
0.2 feet per day. In a short itme frame these lower rates are generally
attributed to an organic clogging mat produced by sewage under anaerobic
conditions. Essentially, the mat is a slime of microflora and microfauna
which grows rapidly when nutrients in: treated sewage effluent are available.
For soils with particles less than some critical size, this mat is relatively
independent of the character of the supporting medium and does not vary
widely from situation tc situation (Ref. 14, p. 94).

It must be emphasized that the very broad ranges of values used
to describe various types of scil and the great variety of soils and infil-
tration rates which may occur in an application area make it imperative
that extensive and detailed sampling and analysis be carried out before
any site is actually designed or used for wastewater application.

Figure II-C-4 shows a general relationship between application
rate, soil texture and surface slope which is deriverd from recommended
practice in designing sprinkler systems for minimum curface runoff.
These rates are generaily consistent with the range of infiltration rates
observed 1 actual field tests previously discussed. They have been
adopted for use in estimating the maximum sustained application rates
for each of the soil associations. An application rotation of 4 davs has
also been indicated in which the soil would be loaded tor one day and
rested for three days.

A summary of data from selected wastewater application sites is
given in Table 11-C-4., It can be seen that these sites cover a wide range
of waste types, application rates and vegetative covers. Information on
the success or shortcomings of each operation and the levels of treatment
achieved is not available.

4 - Soil - Water - Vegetation Relationships

Removal of various constituents from the water depends upon
the surtace orea of the soil particles and the soil flora and fauna past
which the water moves, and the time required for the movement. Thus,
soils which achieve acceptable removals usually contain clay and orcanic
material as well as silt or sand. They fall gererally into the categories
sandy loam and silty loam.

The maximum infiltraticn rate of many aaricultural soils excer i«
/4

the evapotranspiration requirement of the veaetation they support, Nearly
all soils will support some type of Vegetaticii, however spai o, bu!
C-1§
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all soils can be successfully irrigated to maintain a desired vegetation.
Extremely prmeable soils (fin2 sand) in a free-draining profile will not

retain water long enough to prevent wilting of vegetation, and extremely
tight soils (clays) will not accept water fast enouch to prevent wilting.

Areas having natural slopes in excess of ten percent have not
been irrigated in the past because sufficient lands with flatter slopes
have been available and are more economical to develop. It is tech-
nically feasible, however, to establish and maintain various vegetative
covers with carefully controlled irrigation applications on ground slopes
up to 30 percent, Althcugh each plant species requires an individual
environment for best grewth, they can be grouped into categories which
have similar characteristics and uses.

Four general categories of vegetation, shown in Table 11-C-5,
have been selected for the range cf soils and slopes occurring in the
sites investigated. With the exception of forests, these vegetative
types have been successfully irrigeted in Californiac on the soil types
shown.

i

The response of vegetation to epplicd w r can be generalized

as shown in Figure I1-C-5. Thig¢ relationship assumes that the vegeta-
tion receives adegquate nutrients, zunlight and cultivation where required.
Since the yizld is nearly proporiianal to th2 nitrogen used by the vegeta-
tion, and the consumptive use car be computed

Figure I1-C-5 gives a good inticalion of the nitrogen removal capacity

of vegetation.

from climatic faciors,

The wastewater application required by vegetation to achieve
optimum growth (maximum yield) can be estimated from measurements
of pan evaporation and precipitation at or near the locition being
invesiigated. Monthly estimates of these requirements are discussed
in Section E.,

S_- Soil - Walter - Treatment Relstionships

The extreme ccnilexity of the physicel, clierical and biolegical
processes of the soil-waier-plant systems orecludes any preocice dofini-
tion of their quantitative relationshins. It is posgible, however, to
faentiiy some of the processes by which wastowater constituents wail
be changed in passing thiough o <ojl column.

C= 1%
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Except for the nitrates and ohosphates, the soluble salt fraction
(anions) of the total dissolved solids will not be removed by the soil
mantle. Although they will undergo chemical exchange and precipitation
as wastewater passes through the soil, they will not be taken into the
plant systems and cannot be allowed to accumulate in the soil root zone.
If salts do accumulate, osmotic tensions that exceed the plant tolerances
will develop. To control salt accumulation, annual applications of water
in excess of that transpirec by the vegetation must be applied. These
apnlications dissolve accumuiated salts and flush them out of the root
zone and into the drainage system or receiving groundwater. Hence,
over a period of time (one year or more) the salt flow must equal the
salt inflow. Drainage water concentrations of these salts will, hcwever,

C-138a*




Table II-C-5

GENERALIZED SOIL - VEGETATION RELATIONSHIPS 1/

Vegetation Types Soil Types

Forests
Redwood Gravelly to clayey soils 3 feet or
Monterey Pine more in depth and located on steep

uplands and terraces with 20 to 30
percent slopes. Generally but not
always Class VI, Class VIl and Class
VIII soils.

Pastures
Rye Sandy to clayey loams 3 feet or more
Fescue in depth and located on basin rims, i
Bermuda terraces and uplands with 10 to 20
Clover | per cent slopes. May also cccupy
Brome | cropland soils. Generally but not ‘
! always Class III, Class IV and Class I
! VI soils, ’
Crops
Row Sandy to clayey loams § feet or more ‘
Truck | in depth and located in basin alluvial i
Orchard ; fans and flood plains with 0 to 10 ',
Vines percent slopes. Ceneraily but not :
Grain always Class I, Class II and Class III ¥
Alfalfa soils. i
Rice ;
oA e Rt ML o PO L I LI N -
Marsh Grasses 2/ : J
Reed Canary Grass Sandy to silty loams § feet or more i

I in depth and located in basin alluvial '
! fans with 0-2 percent slope. Generally
e AT ] o LI i ,| _ . __but not always Class Isoilse_
1/ The potential land uses for the various coil types are given in more
detail 1n Table II-E-2

2/ Rapid infiltration areas

el il -
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increase because of water losses through evaporation and transpiration.

A substantial portion of the total phosphorous can be remcved by 1
the soil and eventually used by the vegetation. The small particles of
most soils are effective in removing phosphates through the sorption and }

biodegradation processes. Table 1I-C-7 gives average removal rates of
phosphorous for various methods of application.

The various processes for removal of nitrogen by the soil-plant
system are illustrated in Figure II-C-b. The quantity of plant uptake
of nitrogen varies with the type of vegetation, season and the form of
the nitrogen source (i.e., as organic ammonia or niirate nitrogen).
From experience with commercial fertilizer, the gencralized annual plant
use of applied nitrogen sources may be taken as 300 to 400 pounds per
acre for optimum growth conditions. Any applied niirogen in excess of
these amounts must be volatized, cenitrificd or leached to the drainag
system. The rates of volatization and denitrification for various appli-
cations of nitrogen sources are rot known since suc!
recently been initiated. The University of California at Deavis will star
such a study in late 1972.

1 research has only

Figure II-C-7 gives the nitrogen removal relationship assumec
for this study. It is not completely supporied by the few experiments
that have been reported in the literature but is however, rational and
gives substantial weight to the effectiveness of nitrogen removal by
the volatization and denitrification processes. L
ctiveness of various depths of soil
alled

1

Table II-C-6 shows the eff
in removing coliform organisms. Sub-surface drainage systems ing
six feet below ground level will provide an adequate treatment dep

and will also provide adequate groundwater Jevel centiol for most of
the Class 1 and Class II soils found in the wastewater application sites.

5t
tl

The large quantities of water proposed in Scction L for rapid
infiltration sites (90 feet per year) iimit the types of ground cover suit-
able for use in these arcas to marsh grasses. Some sort of cover is
very desirable to remove nitrogen and phosphorous, tc limit or prevent
erosion and ro enhance the appcarance of the site. Ground cover will
also act to reduce surface clogginu and to maintain a porous soil structure,
thus promoting infiltration. Bermuda grass has also boen uscd success-
fully with high application rates at the I'lushing Mcadows cite in Arizona.

Very little is known about the ability of soils and plants to ac
cumulate, assimilate and modify significant concentrations of neavy

metals. This lack of knowledge and ithe knewn torticity of GHM to vlas' s,

C-2i*
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Table 1I-C-6

DISTRIBUTION OF COLIFORM ORGANISMS IN
HANFORD FINE SANDY LOAM AT LODI, CALIFORNIA 1/

Sewage I Average MPN at Indicated Devth .
Basin Effluent T T 5 T T =
Spread Surface | 1ft | 2ft | 4ft 7ft | 10ft | 13ft
e e e e e T .
Primary | 414 x 10° 1.6 | 322/[ 0.6 | 0 |0 w1
A . | | | \ | |
Final 179 x 10° | 1.2 |285 2/1 2.3 1 O | 0 - :
| i |
‘ ! | i
Primary 570 x 104 20 | 0 ] o | 0 |o 0 |
: ; ferii el ay 1
Final 188 x 10° | 482 | 5.6 | 0.5 | 0.2 0.1 G
- | | | | |
Finsl 168 x 103 148 | 305 | 2.0 0.2 | 0.1 | 0.3
| ’ | f
L i T ‘ Rl R R e .
- SR ' R ' |
| | Final 164 % 10 o 02 Jl —— | == 0 e 0
NOTES:

1/From Ref, 14, P.72,

2/ Sand channe! from surface to 2-foot depth.

C-24
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Table 1I-C-7 1/

REMOVAL EFFICIENCIES FOR LAND APPLICATION OF WASTEWATERS

% Removc]‘g/—”" Al |
Spray ]{ Overland % ;:p—v“_~ 1
Irrlgatlon | Runoff i Infiltration
R s e e SRR
Biochemical Oxygen Demand (BOD) 98+ 98 80-85 |
Chemical Oxygen Demand (COD) I 95+ 92 50-60 %
Nitrogen (N) | 85+ 80 30-80 3/ 1
Phosphorous (P) . 99+ | 40-80 ! 50-60 l
Metals i - 95+ .l 50 i 50-60 :
Suspended Solids 99 g4 ! 99 i
Pathogens 99 i 99 99 E
el DR T S I S | e S SR S S s e e I
|
NOTES:

1/ From Ref. 16, P. 30.

2/ The results for spray irrigation are modeled upon research accomplished
at Penn State University. For overland runoff, the values listed for BOD,
COD, N and suspended solids are reported values of an operation at
Paris, Texas. Al!l other values for overland runoff and rapid infiltration
are estimates by the CRREL staff.

3/ See Fig. II-C-7.
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animals and humans requires that industrial wastes ve ueaica at their
sources to a level consistent with normal municipal wastes.

Table II-C-6 shows the effectiveness of various depths of soil
in removing coliform organisms. Sub-surface drainage systems installed
six feet below ground level will provide an adequate treatment depth
and will also provide adequate groundwater level control for most of
the Class I and Class II soils found in the wastewater application sites.

Table II-C-7 gives the average removal efficiencies adopted
for each of the wastewater constituents. The forests, pastures and
crops are recommended for spray irrigation and the lands identified for
marsh grasses (infiltration areas) may be either surface irrigated or
spray irrigated. No sub-surface drainage systems would be installed in
forest and pasture lands and closed sub-surface drainage systems would
be used in the cropped and infiltration areas. However the closed sub-
surface drainage systems would not be installed until groundwater levels
have risen to within ten feet of the ground surface. A substantial part
of the leachate from the forost and posture lands would be expected to
move laterally in the general direction of the cropped and infiltration arcas

where it could be collected by sub-svrface drains or croundwater pumping.

In the absence of natural impermeable strata or @ high ground-
water table bencath any wastewater application arca, comingling of the
treated leachate and the groundwater must be expected. No known
sub-surface drainage system can be designed to intercept all of the
leachaie for a reasonable cost. Therciore, where the quality oi the
groundwater would be significantly degraded by the uncontrollei leachate,
pre-treatment of the applied water would be necessary. Sub-surface
drainage systems in areas having an impermeable stratum or a ground-
water table four to ten feet below the ground surface will be quite
effective in collected leachate with only minor comingling ef the ground-
water,

L gl 15 | g -~
‘.‘ ,"‘( 4
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SITE IDENTIFICATION




D. SITE IDENTIFICATION

The entire Study Area was systematically reviewed to determine
jeneral areas containing potenticl wastewater appiication sites. The
houndaries of potential sites were identified and the procedurces involved
were documented. A representative approach was used in the evaluation
of the fifty-three potential wastcurater application sites identified in
the Study Area. Using that approach, nine sites were selected which
represent the characteristics of larger portions of the Study Arca and
the range of possible wastewater application objectives. This approzch
emphacized the characteristics of each celected site rather than its
physical location.

1 - Site Identification Criteria

The following criteria were used to exclude lands from consider-
ation for wastewater applicaticn:

1) All land areas having elevatioaz greater than 15014 feet.

2) Bll lsnd areas situsted in nationel aad state parks and

naticnal vildlife refuges (these may be reinstaiod).

3) All land areas in projecled urbar areas (yesr 2023},

Mo
~

All land areas having soils classified ¢s Group I* 17 by
the Soil Conservation Service. In adaitios , lanid areas
having an identificble hardan layer oi bedrock at a
depth of less than four feet. (This criterion may be
except~d where land atess cen be successiuliv iirigated
and drained,)

5) All lands in flood nlasns., (Thic criterion mey ke modi-
fied for laond sress whose location and so0ils ar2 highly

desirable for waslewater applicetion and which ce., be
adequately protected from fioods of reascuabley feguenacy,)

6) Land arcas of 5,000 acres or less or of inzulficient ¢apa-
city to accept a total wastewater application rate ol at

4

least five nillion gelions per day per mile from the source,
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The first criterion was based on the assumption that the required
pumping head to lands above 1500 feet in elevation could not be justi-
fied. The second criterion assumed major legal and institutional
problems. It was, however, not applied in selecting one site (Site
No. 4) that represented a unique opportunity for the improvement of
a wildlife habitat and recreation area. The third, fourth and fifth
criteria are self-explanatory. The fifth criterion was not, however,
applied in one site (Site No. 5) to show the probable effects of using
the permeable soils types often found in {lood plains. The sixth
criterion was intended to eliminate small isolated sites whic! are
distant from the nearest wastewater sources and consequently
uneconomical to develop. This criterion did not, in fact, eliminate
any identified sites {rom consideration.

2 - Screening Method

The method used to systematically review the entire study area
was the development and analysis of a system of colored overlays
based on 1:250,000 scale topograp!
Geolngical Survey. A color photogrd
is included in this report. Colored prejection slides of each map are
also included for projection or additional prints.,

ilable fi

rom bre U 8-

h map with iis overlays

The overlay system was cclected for the following reasons:
b . Y

1) The overlay sysitem is easy to interpret. Excluded
areas are cleca-ly shown and exclusionary criteria
k are easily identified,

2) The overlay system is easily changed, and can
(:_'n'c,l:ly accommodate a recvaluation of criteria,

and
3
3 3) The relative impacts of exclusionary criteria are
clearly indicated.
:
3 - Maps and Overlays
The base maps used for the overlay sysiem were U, S. Geo-
logical Survey maps of the Westzorn United States at a scale of
1:250,000. ‘<thirtesn of these maps wete used. l'or cach map, five
clear acetate cverleys were prepared. On ecach cleer overlay,
] colored film was applied to cover the apprupriate chiaracteristics o
B

D -2




the specified color. Each color represented one exclusionary criterion.
The following overlays were use«d:

Brown - The brown overlay was used to represent all lands
in the project area with an elevation above 1500
feet mean sea level. The boundaries of these
. areas were dc~!01‘m1ncd f(()ﬂ“. the contours shown on
- the base maps.

Red -~ The red overlay was used to represent all soils
judged inapprovriate for wastewater application,
They are those included in soil Group D specified
by the Soil Conservation Service. These soils
are defined as havina very slow infiltration rates
when thoroughly wetted. They include chiefly

1) clay soils with a high swelling potential,
2) soils with a high permanent water table,

3) soils with clay pan or ¢lay layer at or near

tl!(' .‘}L'.I:-&h' o dh"\]

4) shallow soils over nearly impervious materials.

The areas in which these soils occur were deter-

mined uging county soil maps

Blue -  The blue wverlay

having a 1 in 100 year flood hazard.

Yellow - The yellow overlay represents urban areas projected

2 f

to the year 2020. nese urban areas were projected

using data vbiainec

reports .

cunty and state planning
il ) “ Ao - Cipdid 43

Green: - The green overlay represents national end state
parks and Natiohral wWildlife Refuges. The
boundaries of these ateas were devived from the

data shown cn the basc maps.




4 - Identified Sites

All of the colored overlays were assembled in position over
the base maps. Those areas which could be considered as potential
wastewater application sites were identified by deterinining the areas
not covered by any color in the five overlays. The sixth criterion,

that no land area less than 5,000 acres in size would be included as a

potential application site, was then applied. Fifty-three land areas
remained after the application of the Site Identification Criteria and
were outlined on the base maps and numbered for identification. The
approximate houndaries of cach of the 53 sites are shown on Figure
II-D-1 as well as on the colored projection slides. Site data is
summarized in Table 1I1-D-1.

The information given for each site in Table II-D-) ., supple-
mented by knowledge and judgments of the site choracteristics, was
used to select nine of the sites for detailed consideration. The nine
sites (indicated in Table II-D-1 by heavy outlines) were selected for
representing other sites and alternative develoy,:
Evaluations of the nine Selected Sites are
report.

cnt obhjectives.,

ound in Section E cf this

1t should be noted that three pate
were not explicitly considered in the
and are outlined below:

ntially signilicant paremeters

sclection of wastewater sites,

1) No consideration has been given to provision of
wastewater storeqg acilities in or near the
selected sites. For the most part the selected
sites include or are near fairly hilly areas and it

is assumed iu this report that storage facilities

can be provided in any of the selected sites at a

reasonable cost,

2) No relationships between the selected sites and

the jurisdictions in which they occur have been

studied. For example, some of the potential sites

occur wholly cr partially within existing irrigation

districts, ard it appears likely that some coordina-
tion of existiyg ‘ihvties wouls be possible and

desirable.

3) No consideration h:s been it
rights to the wasteowator.,

cn to ownership
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5 - Development Objectives

Each cf the nine sites selected for further evaluation has indi-
vidual characteristics which will permit wastewater treatment and,
with maneoed wastewater application and drainage, could generate a
desired environmental and/or economic benefit. The opportunities for
achieving objectives in the nine sites are expected to be representa-
tive of opportunities if all 53 screened sites were evaluated.

Site No. 4. This site was selected to represent the opportunity
for enhancing a wildlife habitat. The site includes the Grizzly Island
Wildlife Refuge which is now managed solely as a waterfowl habitat.
Water is diverted into portions of the site from Montezuma Slough to
create salt marshes and ponds. Drainage is accomnlished by surface
drains and pumnping back to Suisun Eay.

The site has little or no potential for agricultural purpcses
because of tight soils with poor drainage charccteristics. The nearest
source of wastev:ater is Concord (Contra Costa Counity), 12 miles
southwest of the site.

The Bureauv of Reclamation has recently completed a study to

provide water for irrigation of a sirip of luand to the cast of Mentezuna
Slough and to provide for fresitiwviater inflows into the slough areas
behind Grizzly Island to provide motre suitable t fot
wildlife. The Suisun Soil Consciy 1 District has been active in
the development of plans to maint in adequate habitat for the large
numbers of waterfowl that come throuan this arca. Caicrul considera-
tion should be given to the guality of any water that is applied to
Site No., 4 so that it will not interfere with the growih of the plant
foods for these waterfow] and especially with the waterfowl themselves.
Site N¢. 5. This site is ‘he largest of the niue sites and
includes @ variety of laud types. ‘lhe major {eatures are the Dunnigan
Hills, the Cache Creek Vialley, the Sacramento Valley lands and a

portion of the Yolo Byvpass. The opportunitics of develcpmoent are
teupoctively, irrigeted pasture and/or forests, otchard produstion
with streamflow and gronndwater avgmentaticn, and general irrigsted
cropping and rice production.

The nearest major souice of waslewater is Saas

southeast of the site,

nento, 20 miles

There ave beern nropusala Tor two domn T gttt I e
Gache Creek Valley thci would fie port o the State Wiz Plas
oy
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Indian Valley Dam is a locally sponsored project (Yolo County) that
has federal and state support. The other potential site is the Wilson
Valley Dam.

Another point to be noted is that the Sacramento Valley and
Yolo Bypass intersect this area. Special consideration of the advan-
tages and disadvantages of using that portion of the area in the Bypass
would be considered.

At present there is an overdraft of the groundwater aquifers in
the area. This is causing great concern among the water users and
they are seeking supplemental water from the proposed Tehama-Colusa
Candl.

Site No. 12. This site south oI Los Banos and west of
Firebaugh on the west side of the 3an Joaguin Valley is on the easterly
slope of the Diablo range and inzludos, in particular, the Ortigalita
Creek basin. In addition, it includes large areas of irrigated crop-
land and rangelands on alluvial fans at the base of the hills. 1t is
considered representative of other areas on the west side of the San
Joaquin Valicy. Parts of this arca are elready served Ly the Delta-
Mendota Canal and the Californ'a Aqueduct and the area is traversca
by Interstate Highway 5. The steep uplands of this site offer an
opportunity for additional developmant in irrigated cropland. There
is a definite possibility that difiicult drainage problems would exist
in the lower part of the arca if licavy water applications are made
further uphill. The nearest source of wastewater for this site would
be Contra Costa County or the area around Stockton. The relationship
between transmission distance and economics of large scale develop-
ment can be cevaluated.

Site Mo. 18. This site i¢ in Marin County north of Mt. Tamal-
pais and in Sonoma County soutn of the Russian River. It includes
the basins of Nicasio Creel, Walker Creek, Estero Americano and
Salmon Creek. The basin of San Antonio Creek is excluded because
of poor soil conditions. The site is representative of various coastal
and coast range sites. It offers o potential for development using
redwood or Monteiey pine forests. Related te this forestry potential
are various uses for recreation or open space for which the areca is
generally designated in the appropriate county plans. Also related
is a possibility for stream flow auagmentation by the applicaticn of
more water than normally occurs irom rainfall and by restoring the
forest cover. In the southern part of the arca the principal application
may be pasture land jrrigation. Drainacc of the wastovater application
to the southern part of the area would be into the basin o ibntary to
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the water supply reservoir near Nicasio which raises the issues and
technical problems of the application of wastewater into a drainage

basin from which water supply is extracted. The wastewater for this
area would be transported from the developed areas of southern and

central Marin County and central Sonoma County.

There are considerable orchards and small farms in the
northern part of this area. The rest of the area is comparatively dry
and used mostly for grazing. The southern sections of the site have
been the subject of a great deal of controversy in master planning for
the future with emphasis on open space.,

Some consideration has been given to the construction of a
1

dam and reservoir on Walker Creek to develop a better water supply
for northern Marin County and the Marin Municipal Water District.

Site No. 21. Three valley areas in the vicinity of Healdsburg
comprise this site. These valleys are Alexander Valley, Knights
Valley and the Russian River Valley in the vicinity of Windsor. Thesc
valley areas are considered representative of a numher of interior
valleys in the coast range. They offer potential for irrigation of
existing crops and new irrigation of forest area. Related tc this is

)

possible stream flow augmentation of the Russian River south ot
Healdsburg, particularly for recreational use during the summer
season. Also significant in this area is a potential for augmentation
of groundwater supplies for water pumped from this arca into the
domestic supply systems for communities to the south. Nearest
wastewater applied to this site would come from the areas around
Santa Rosa and Healdsburg.

The Russian River in this area furnishes the main source for
irrigation of the many orchards and vineyards. Some areas pump
directly from the river and others from wells drawing on the river.

The river is supported in dry season by releases from Coyote Dam in
the vicinity of Ukiah. The Corps of Engincers is curientily constructing
a dam on Dry Creek just to the west of this area which will control
flows downstream from its mouth using the relcases in the summertime
to maintain adequate flows in the river and to provide for the water
supply for the Sonoma - North Marin area {from Ranney wells in the
river bottom.

The Corps of Engineers has an authorized project to construct
a dam in the Knights Valley area ihat would regulate Franz and
Maacama Creeks. This reservoir would inundate a portion of the
eastern stubsections of the area in Xnights Valley
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Site No. 27. This site includes the Gabilan Creck Basin and
the easterly side of the Salinas Valley south from Salinas to near
Soledad, including Quail and McCoy Creeks. Tt represents a potential
area for managed rorests, particularly of Monterey pinc, and also for
irrigated crops on the valley floor. Application of wastewater for
irrigation could continue this typ2 of agricultural activity and at the
same time diminish or reverse the salt water intrusicn into the area
caused by excessive pumping for irrigation. The source of waste-
waters for Site 27 would probably be from the Monterey Bay area or
the southern portion of the Study Area.

Plans for the San Felipe Project by the Bureau of Reclamation
include diversion of irrigation water from the Central Valley to the
northern part of this area. Many of the present crops probably could
not use wastewater for irrigation since they are leaf-type crops;
however, the possibility of shiftina to crops thai could be irrigated
with wastewater would be investigatcd.

The Corps of Engincers is currently doing a flood control study
of the Salinas River Valley which may prepose some new works. Flows
in the lower river area may be afiected. Presently somwe areas along
the river edge of Sub-Area27.5 are subjected to flooding during hcavy
winter storms.

Site No. 28. This site includes most of the southwest part
of San Mateo Counrty. It represents an area close to subslantial
urban developmeiit with potential {for developing or improving redwood
forests for commercial or recreaticnal use. In addition, recreational
use may be further enhanced by stream flow augmentation. The
necarest source of water for this arca would be from West Bay
cominunities.

There has been considerable interest in San Mateo County to
maintain the Jands on the ocean side of the county in their natural
states. Local water supplies for municipal and agricultural use are
generally deficient in this area. The Corps of Engineers is investi-
gating dams on Pescadero Creek o provide for a water supply north
to Half Moon Bay. Because of the presence of scveral groves of
natural Redwoods in this area, it would scem to be a good possibility
forRedwood culture.

Site No. 42. This site lies in Contra Costa County east of
Mt. Diablo ¢nd includes the Marsh and Kellogo Creek Valleys,
Deecr Vulley and the forebays for ithe Delta-Menaota Canal apd the
California Aguzduct. [t offers potential developrient for recreation
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and open space areas, forested lands and wildlife habitats. With
adequate wastewater treatment, an additional possibility is the direct
delivery of effluent to the forebavs for use in either of the canals.

Of special concern in this area is the water quality relative to the
reservoir on Marsh Creek and the proposed reservoir on Kellogg Creek.
The nearest sources of wastewater for this area would be from the
Antioch, Clayton cor Stockton areas.

There are several special considerations for this site. The
Clifton Court arca is a forebay for the State Water Project and, there-
fore, the quality of the wastewater drainage must be given careful
consideration because this forebay is a freshwater supply for the
Delta Mendota Canal (as well as the California Aqueduct) under the
Peripheral Canal concept for a cross-delta facility. The Delta
Mendota Canal is a U. S. Bureau of Reclamation facility,

The proposed Kellogg Reservoir on Kellogg Creek is intended
to be a water supply project and has becn under study by the Bureau
of Reclamation and the Contra Costa Water District

authorized plan at the prescnt time but it has been disci

™

here is no

issed in

connection with the total State water resources development.

The Contra Costa County Water Quality Study {Ref. 4)

4

considered, as one of the allternatives for the central and eastern

County, transporting the water to the east and treating it for disposal
in the Delta area and, therefore, it required high levels of treatment
to remove all toxicants and biostimulants. The alternative included
ponding for tertiary treatment with ultimate use for irrigation or for
discharge into the estuary to assist in salinity repulsion (i.e., to

increase freshwater outflow).

The previously noted Marsh Creek Project is a flood control
3 J
project spousored by the Contra Costa County Flood Control District.

State Water Resources Controi Board demands for early action
by industries in the Antioch area have caused considerable work by
the individual industries. There is interest in a subregional plan
that extends farther cast than the first stage proposal of the Brown
and Caldwell study (Ref. 4). This plan proposed to start at the
Antioch PBridge and extend west to include the City of Antioch. The
Central Valley Regional Water Quality Control Roard is concerned
with the treatmert facilities of the cities of Qakley and Brentwood
and desires some system to upgrade these plants, preferably to

combine them into a central plant,
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Site No. 43. This site includes Union Island and Roberts
Island southwest of Stockton. It represents the large flat areas
currently being formed in the Sacramento-San Joaquin Delta. It has
a high water table which is expected to limit the vertical flow of water
applied to the surface. However, it appears quite possible that water
could be applied to the lands and recovered by means of drains and
pumping in the arca. This is the current method of irrigation and
drainage now used. The use of wastewater in this area could provide
an excellent source of irrigation water as an alternative to river flow
and pumping from wells. Nearest sources of wastewater for Site 43
are Antioch, Clayton and Stockton.

Most of the Delta islands are leveed against the river and the
winter floods. They contain primarily peat soils and are sinking each
year as the peat tends to oxidize. Most of the general area is under-
lain with ccnnate water. In addition, some of the deep aquifers are
becoming more saline.

The San Joaquin River and the other rivers that cross through
this area have serious water quelity problems now, particularly in
dissolved oxyuen, so that discharges from a wastewater system would
have to be of high quality to avoid compounding ¢xisting problems.

The proposed Peripheral Canal will come through this area and
will transport fresh water to the Clifton Court forechay from the
Sacramento River. It is intended that it would have some cutlets to
provide fresh water inflows into the Delta. Any new water importation
schemes will have to demonstrate that the water quality will not he
further deteriorated.

A major plan for the drainage of the arca to the south of Site
43 incorporates the San Joaguin Master Drain or the Ssn Luis Drain.
This project proposes to collect the sub-drainage water from irrigated
lands in the San Joaquin Valley, transport it to the Delta, and, after
adequate treatment to reduce deleterious substances, discharge into
the estuary. Present plans locate the outfall in the vicinity of
Antioch. A test facility at Firebaugh has been in operation for about
two years in an effort to determine what level of treatment is
required for agricultural wasteweater,
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6 - Land Uses

Four major types of land uses are outlined in Section E of this
report for the nine selected sites:

1) forest plantations (redwood and Monterey pine),
2) pastures,
i 3) crops (orchard, field, truck, etc.), and

4) high-rate infiltration basins (marsh grasses).
These land uses differ significan'ly in the manner in which wastewater
is applied, constituents are removed and drainage water is collected

and reused. Estimates of potential economic feasibilities for each
' land use are not discussed in this report.

Wildlife enhancement as a potential land allocation objective
is discussed in Sections E and G.

7 - Correlation of Sites
The Soil Distribution Representivity Matrix shown in TableIl-D-3
indicates the degree of correlation of soil capatility classes (for
definitions of capability classes, see Table 1I-C-2) of the nine
1
(@

evaluated sites an -

the 53 sites identified as potential wastewater
sites. Each correlation is expressed as a percentage based on the
estimated soil capability class distributions shown in Table II-D-2,
The maximum correlation value is 100 percent, as
correlation of a single selected site, and a correlation of 0 percent
indicates that no soil capability class was common tc both sites.
The soil distributions of the nine selected sites are independent
variables in the correlation process and the soil disttibutions of the
53 potential sites are compared as dependent variables. Therefore,
the two values shown for the cotrelation of one seleciced site with
another selected site may differ in the twe positions in the tablo.
The matrix shouid be interpreted as indicating the percentage of total
area of a potential wastewater site that cxhibits the same capability
class distribution pattern as the correlated selected cite.

indicated for the

It should be noted that this matrix indicates only soil distri-
bution correlations. Relative site sizes and dictanses from th
nearest wastewaler sources are given wa "ohle ii=D-1 A sit
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desirability tabulation based on estimated so1) distributions and site
sizes can easily be made by assigning desirubility coefficients to
soil capability classes and applying the relative cite size and
capability class coefficients to the distributions shown in Table
II-D-2.

The relative desirability (based on soil associations) and suitability
of a potential site for wastewater application can be estimated from the
data presented in these two tables. Table IT-D-2 can be utilized in
determining potential site suitability based on soil capability class
distributions. For example, if it is determined that a combination of
70 percent Class I soils and 30 percent Class II soils in a site is
advantageous for development, a review of Table II-D-2 indicates that
Site 38 represents that distribution. Table I1I-D-3 correlates soi! distri-
bution patterns of sites and can be utilized to determine potentiel site
suitability based on soil representivity. For example, if it is dotermined
that the soil distribution pattern of Site 43 i3 cdesirable, Table II-D-3
shows that Sites 1, 41, and 45 most nearly represent that soil capahility
class distribution pattern. As previously mentioned, sitc sizes should
be incorporated into representivity considerations to accurately doteriaine
site desirabilitics and development potentials.
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E. SITE EVALUATION

The nine sites selected for more detailed study provide a range
of development possibilities which include traditional irrigated agricul-
ture, improved wildlife habitats, fcrest plantations and rapid infiltration
areas for maximum wastewater disposal. Each development possiiulity
as well as combinations thereof has associated economic, envircnmental
and public health impacts.

1 - Site Evaluation Objectives and Criteria

i The primary objectives to he considered in the evaluation of the
| development potential of the identified wastewa'er ¢itos are:

a) Provide maximum uce of the soil mantle as a treat-
ment system for wastewater,

b) Create maximum utilizatiorn of the treated
waler which can be recovered ov can otherwise
become availaglc ior reusc,

c) Provide opportunities for economic returns to accrue
to the land through agricultuwral practices that are
consistent with objectives & and L, and

d) Provide opportunities for envircarental annancemnent
through land use practices ihat are congistant wilh
objectives &, b and c.

The preceding objectives do not establish a complete quide for
site evaluation until they are supplemented with mor= speciiic criteria
which describe the method of evaluation.

Although wastewater treatment and reusc systems have been
installed @nd orerated successfully at varicus locations throughout the
world ard in Talifornie, few of thene systeris have been designed with
fully coinmaiona ve waer teeavress and 1edated land resource manage-
went in mind. Specific criteria for comparative evaluation of porential
sites for wastewrtor ectment (houush land application are aot aveilabie.
Thic recommendea cvaluetion criieric svbmitted by the Spacial Technical
Corsultants are ceutained in Volure 1V of this report. Maay of the cri-
teria for individus! aress of concurn nre intarrelated as well as caruie-
sentary to eacn othier, It 15 imporiass that thess intenalstionsiing orc
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|
I

recognized and reflected in the evaluation of sites.
Using the Consultants' recommended criteria and the primary
evaluation objectives, the following specific criteria were selected

for use in the evaluation c¢f potential wastewater application sites.

Topographic Criteria

1) The net site area (that portion of the total site which
can accept wastewater) must include at least 5,000
acres. This criterion is derived from a judgement
that smaller sites will be uneconomical to develcp.

2) Land units within potential sites at elzsvations greater
than 100 feet above the terminus of transport facility
may be excluded from the effective site area.

3) Land units within potential sites with slopes in
excess of 30% will be excluded from the effective
site area. Water management and land treatment
measures should be included in the site development
plan for land units which exhibit high erosion hazards.

4) Suitable locations should be available either wiithin
the potential site or along the wastewater transpaort
facility for ctorage of wastewater during secason:!
periods when wastewater application cannot e wade.

5) Suitable locations should be available either within
the potential site or along the wastewater trancport
facility for installation of pre-treatment facilities
where such pre-treatment will be required to satis{y
environmental quality, agricultural land use, watcer
quality or public health criteria.

Soil Criteriz

1) The annual infiltiation capacities of potential sites
should be concidered using the soil types which have
been identificd in the site area as indicated in Section
D, the paramaters uesed to describe the characteristics
of these coi! types as discussed in Section C, and the
practical experier @ of irrigation arnd wastewater dis-
posal agencics which cperate within sites vath cimi-
lar characteristics. Land units with soil profile: not

ge2




2)

3)

4)

6)

7)

8)

amenable to effective drainage systems should be
excluded from the effective site area.

The depth and character of the soil profile should

be appraised throughout potential sites to assure
that the percolation cepacity of the area is generally
sufficient to avoid waterlogging and suffocation of
planned crops and ground covers. The occurrance
of hardpan strate or bedrock shcould be identified.
The drainage characteristics of these areas should
be reviewed to determine the types of drainage

_systems-which may be installed to maintain a per-

manent ground cover,

The frequencv znd duration of resting periods required
to maintain irliration capacity should be estimated
on the basis of information contained in the literaiure.

The capacity of individual soils to assimilate crganic
materiais should be estimated to assure that waste-
vater treatment criteria nas been satisfied. Land
units with soils trat cannot meet this criteria should
be excluded from the effective site area.

The ability of individual soils to adsorb toxic
materials, heavy metals, radiologic raterials,
bacteria, viruses and pathogens should be appraiced.

Land units should be appreised in relation 1o soil
structure and the quality of the wastewaters to be
applied to assure that infiltration capacity is main-
tained.,

Irrigated agricultural land use should be considered
for land units that have been classified Class 11T or
higher. Conversion of agricultural land use fron
non-irrigated to irrigated and from low-value to
high-value creps will he couvght on land units thet
have been classified as cither Class I or Class I, 1/
The suitabiliiv of tol)s within site arcas should be
geneiclly app ised in termes of their ability to sup-
port non-agricu tural type groend covers,

1/ See Toble 11-C-2 for deccription f © 1 o totalllv Clpatel




9)

10)

Erosion hazards should be assessed using general
soil characteristics, topography, vegetal cover and
required wastewater application schedules.

Land units which pose a high risk of land slides
under saturated conditions as a result of slope and
soils should be excluded from the effective site area.

Crop and Ground Cover Criteria

1)

2)

3)

4)

5)

The suitability of specific agricultural crops and
existing natural ground covers with respecti to the
quality of the wastewaters which are to be applied
should be determined through interpretation of basic
criteria developed by the U. S. Department of Agri-
culture and the University of California.

The potential for intensification of agricultural land
use and conversion to higher-value crops within
potential sitec should be determined in relationship
to the soil cless, the existing crop pattern and
water supply, the quantity end quality of the weste-
water and gereral agricultural economic factors.,

An assessment should be made of the replacecinent
of existing crops within the potential site with
vegetative covers that are better suited for water
application programs.

In land units within potential sites where native
vegetation will be retained as part of the wastewater
application area,; long-term modification of this vege-
tative pattern should be estimated consideringa the
present and possible diversity of species in the aree,
gereral aesthetic appeal and the ability of the unit

to support a more diversifiea flora,

An annual water and salt balance should be prepared
for each site showing the estimated crop water
requirament, farm delivery requirement and the cite
delivery requivement. The water balance will be

b gl on the crops and ground covers recommended,
gencrelized evapo-transpiration rates and rainfall
patteras end ‘ynical seepage and operationt) losses,




1)

2)

3)

2)

3)

Geologic Criteria

Land units within potential sites with ground water
aquifers which are presently or potentially usable
for irrigation purposes should be excluded if the
percolation orf wastewater to the aquifer will cause
significant deterioration of the quality of the ground
water.

If the estimatcd rate of percolation into ground water
aquifers from land units within potential sites exceceds
the transmissibility of these aquifers, drainage systems
discharging to surface waters or tc recycling sumps
should be inc'uded in the site development plan.

Land units within potential sites with known fault
zones which will allow the applied wastewater to
be transmitted directly into ground water aquifers
should be excluded,

Water Qualitv Criteria

All wastewaters shall have had at least secondary
levels of pre-treatment prior to land application.

Nastewaters and percolated wastewaters which are
to be discharged into surface and ground waters
shall m=2e! waste discharge standards of the State
of California Water Resources Control Board.

The present and projected quality of existing surface
and ground water supplied available to a potential
site should he assessed to determine if the waste-
water supply can serve as an adequate replacement
source. Land units within poten‘ial cites with ground
water aquifers presently or votentially usecd for
drinking waier supply purposes chould be excluded
from the cffective site area if the chemical and
bacteriolcaical quality of the percolated wastewater
would cause the reaulting ground water to exceed

U. 3. Public Health Setvice standa:ds,




- Site Sub-Areas

In accordance with the criteria established for site evaluation,
each of the nine selected sites was divided into sub-areas which can
be evaluated as separate potential projects. These divisions were
dictated primarily by the natural drainage patterns (i.e., tributary water-
sheds) and to a lesser extent by existing land uses. Table II-E-1
gives the sub-areas identified.

The boundaries of each of the nine selected sites shown in Figure
1I-E-1 have been outlined on a montage of 1:24,000 scale U. S. Geolog-
ical Service topographic maps. The original site boundaries established
in the site identification phase were modified on the basis of the addi-
tional topographical detail available from these montages. Hence, the
areas cshown in Table 1I-T.- 1 may not correspond exactly with the gross
areas shown in Table II-D-1,

Some sub-areas were combined in the evaluation process
(Sub-Areas 18.4, 5 and 6; 27.3, 4 and 5; and 28.2 and 3) because ihey
did not include a major watershed of 5,000 acres or greater which could
be considered as a project. These sub-areas can, however, be con-
sidered ac potential wastewater application areas and have been eval-
uated compositely for soil distributions ard recommended land uses.

& = Climate

The nine selected sites are situated in climatic regimec ranying
from arid to coastal. Annual precipitation varies {rom less than 10
inches to about 60 inches and aveciaae July temperatures vary from 0°©
to 80°r. Snowfall is rare in any ot the sites and is usually confined
to elevations above 1,000 feet. [illing frosts in late Spring are a
hazard to orchards, vines and other early crops. Many of these crops
arc protected from frost by sprinklers, wind machines and smudge pots,
High winds fiom thunderstorms, tornedoes, huricanes or typhoons are
not a serious problem in any of the sites,

The deta given in the last three colum:s of Table li-E-1 are
good indicators of the general clinatic conditicns relavive to vegetation,
It can be seen that even though temperature, huviidity end 12infal) vary
significantly betwezen sites, the veriation in annual vater reguirements
of piants not supplied by precipitation is much less. This is due to the
poor distribution of precipitation throughout the year (approximately 0%
of the annuai precipitation occur: ir the five-n.onth period of November
throuah March),
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Figure I1I-E-1
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Figure II-E-1
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Figure 1I-E-1
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With the exception of Site Nos. 4 and 43, wind movement at
all sites is generally moderate. Since wastewater will be kept in an
aerobic condition in the conveyance, storage and application systems,
no significant wind borne odors ere expected.

4 - Soils

The dominant soil associations occurring in each of the sub-
areas and recommended vegetative covers are given in Table 11-E-2
and shown in Figure 1I-E-2. Since the boundaries of the sub-areas
were selected on the basis of the natural drainage configuration rather
than uniformity of soils, most suh--areas include a wide variety of soils.
As can be ceen from Table II-E-2, the soil capability classes and, to
a large extent, the future uses are related to the location of the soil.
Class 1 soils occur in the alluvial fans and flood plains and are used
for rapid infiltration areas, Class II and Class III lands generally sup-
port irrigated crops while Class IV to Class VIII soils generally occur
on the terraces and uplands and are devoted to pasture, renge and forest
UEE 5,

The drainage characteristics of soil capability classes can,
however, be reversed. fthe hicher classed soils may have good interns!
and surface drainage while the low-lying soils may, although being
permeable, exhibit drainceae probiams. These drainage problems are
correctable with sub-surfcce drainage systems (tile or plastic drains)
when the soils have adequate internal drainace,

o = Future Land Uses

grens with interaatient wastowater anplicaiion
A B
— e it i A i it

Future land usecs in the suh -arcas must be selected to correz-
pond with specified objeclives of wastewater apolication. Tie follow-
ing gives a range of objectives ti:at could be considered:

a) The application of maximum quantities of waste-
water to mininiam land areas. As a single objective
this may be accomplished by the utilization of only
the more per:acable soils su~h as the Yolo, Colum-
bia, Hantord #nd Hesperia associations in the
recovery of mesxumum quantities of partially treated
wastewaters These soils could be developed using
staged closed sub-surface drainage systems snd a
marsh grass tvpe vegetal cover such as 1ce canary
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Figure II-E-2
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Figure II-E-2
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Figure II-E-2
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Figure II-E-2
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Note:

This site includes the Grizzly Island Wildlife
Refuge (state operated) and privote hunting
clubs which are managed for wildlife enhancement.
The land use shown indicates soil capabilities.
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b) The maximization of economic crop returns from
vegetal cover harvects and maximum treatment of
the recovered weters, This oljective would lead
to maximum development of a greater range of soils
which are suitable for high value crops.

c) The maximum enhancement of the cultural aad
aesthetic values (and hence the public acceptance)
of sites by the inclusion of forest plantations in
the site land use pattern. Such an objective has
merit not only in terms of public acceptance but
also in the prcduction of a timber harvest which
can make a contribution to the total regional resource.
Forest plantations cen thrive on upland soils which
are not suiteble for other uses.

d) The maximu:mn treatrient of wastewaters applied to
the minimum land arca. This okjective could he
realized by cultivaling pasture oa all soils that
are suitable for crops and rapid infiltration applica-
tion,

The preceding land uces are nol mutually exclusive nor are they
completely interchanveable. As an exar
be placed on croplands and repid infiliration arecas and crops can occupy
rapid infiltration areas, but crops may not necessarily Lo 5;
for pasture and forest lands. In addition, there are lir:ied
soil types in each sub-area which can svpport a particura land use
practice. Therefore, developriont of tize full potentic] of a sub-&rea
will require some combination of land uses whereas selected develop-
ment can be confined to only those lands having soils tnot are: s=
to the selecied land use,

1pie, Iorests ana pasiure can

Table II-E-2 gives the yolential land uses of each soil ascocraiion
found in the sites. Alternative !aiud use patterns are given in Table
1}-F-3 through Tahle I1=1'-5. Al.cipglive No. ) allows crops e accupy the
maLnum arca consistent with Jwe votential land use by sgcil groups. This
olternative probably represapt. waxiem ¢ross (conomic rotuan 1o the
land. Alternavive No. 2 in Toule 1i-1-4 ie selecind to sacw highicr ap-
plication and recovery 1ates and allews Basture qrasses to acouny the

lands suitable for rapin diliratior greas. A groater rec of nasturn
thc expense of cropped arce et ld increnae the verall wostev aior
plication rate in Alternaiize Mo, 2 bl would tend e nusot pr nL lang
uce practices. Altatantive Now 3, shoan in Toble Ji-i ) e aoted
to moxinuze appl RO &I Ve Ve g Taues Ty Blacing mat e g Gl

i
he rapid aiiltralion aaeas,




The preceding land use patterns do not consider double cropping
(nlanting and harvesting two or more distinct crops on the same acre in
one year). Since double cropping is now practiced on less than ten
porcent of the imrigated area and i< not projected to increase substan-
tially in the future (Ref. 5), the practice probably docs not increase
economic returns greatly, Also the water use of a double cropped
acre will approach the water use cf an acre of pasture or forest.

Hence, there is only @ minor advantage to double cropping over pasture
in those vortions of the sites suitable for crop and rapid infiliration
Uses .
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4.6
-2
0.9
0.7
2.5
3.6
{3
3.4
)
1.0
2.4
2.9
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2.9
3.3
13
1.4
1.0
4.3

-

1.0
0.8
5.9

4.6
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7.2
s.0
0.26
0.2
4.8
6.9
A
5.9
0.3
5.6
7.0
4.9
5.0
84
0.3
0.2
8.4

2.2

September | October| November | December Total

1

August
10.4
7.3
0.02
7.3
9.8
6.7
0.1
-0~
6.7
8.8
6.2
0.1
8.7
9.4
10.%
051
10.3
10.5

I

121
8.5
0=

12,1

10

July
11,7
8.2
0.02
0.02
8.2
112
12,7
8.4
0.1
8.3
1.9
10.0
7.0
0.1
6.9
9.9
75
10.7
11,9
12.0

0.1
8.3
5 W)
13,0
9.5
B
13,6

0.2
5.6
6.7
0.4
0.3
8.9
6.2
5.9
9.8

June

0.4

0.2
10.1

A B

(inches)

Table II-2-6

6.7
12,0

V.t

FOR OPTIMUM VEGETATIVE GROWTH

MONTHLY AND ANNUAL WASTEWATER APPLICATION REQUIREMENTS
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5.3
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Area (0)
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1 maps provided by the Corps of Engineers, Sen Francisco.

2/ Potential Evapotranspiration, 0.7 x Pan Evap, (-éo pages 51 to 69, Bulletin 113-2)

1/ Pan Evaporation, from Bulletin 113-2, California Department of

1/ Precipitation, interpolated from (so-hy

4/ Effective Precipitation, 0.8 x Precip.

, PET - Eff, Precip. (positive values only}

§/ Site Requirement, Veg. Reqm't./0.7




6 - Application kotes_

The gencral relationships between application rates, vegetal
cover, soil charccieristics and wastewater treatment have been discussed
in Section C of this report. The logical starting point in estimating
application rates 1s the determination of crop water requirements (con-
sumptive use) of each vegetal cover at each site. Table II-E-6 gives
these estimates for each sub-area. Using Sub-Area 12.2 as an exemple,
a vegetation receiving a full supply of moisture and nutrients and whose
leaf surface ccmpletely covers the ground all year viould transpire 53
inches of water. An estimated 8.0 inches would be supplied from natural
precipitation and 27.0 inches would have to be supplied from the waste-
water supply. Allowing for application losses, 67.) inches or about 5.6
feet per year of wastewater should be applied to meet the vegetation's
full transpiration requirement and nroduce optimum vegetative growth
(yield).

For crops which grow during only a part of the growing season,
the wastewater requirement 1s, of course, less, Many agiicuiivral
crops are planted and harvested during the three-month p2iiod from June
through August and do not cover the ground during ali of ihis perrod.
Forests and pastures do transpire #ater during almost tie eniire year if
there is adequate mo:sture availakie and hence are larger annual weter
users than most crops.

Table 1i-E~7 gives the reccnirmended unit apylication reies for
each of the four catcgories of recommended land uses. Fach of these

rates is aiscussed in the followinyg sections.

R
RV

Salt Leeching. The long-term accumulation i dissolved salts
in surfarce «mls is a varticular mazord to maintaining mos! veget
covers under an irrication regime. Since the wasiewaier source wiil
contain inorganic dicsolved salts end since piant roois will uptake enly
the ninate Its, most of the salts cccumulate sn the seil root zone un-
lese {lushod out willhr excess applicaticr- {leaching) during pcriods of
lovr ctop wi imt requitement, Bre¢od on known tolerances of the various
enirations, the anpual site leaching

=7 have beena computcd. These rejuire-

crops to aconmetlated salt con
requirements shown in Teble !
men's were also varied accorcita to the coils found in each sub-aren.

1=t

During periods of annua! e hina cperations, the concentration

of wiorganic dissolved salis 1a the recovered water (Zreinage vesico

=204
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will be greater than the concentration in the applied wastewater.

Forest and Pasture Application Rates. The forest and pasture
application rates are bused on the methoed of estimation given in Table
1I-E-6 whereas the crop application rates are baced on irrigation
experience in or near the sites. FPew ficld data are available on the
salt tolerance of coniferous forest species such as Redwoods and Pines.
It is reasonable, however, to expect that they will be at least as tol-
erant as orchard species for which field data are available. The leach-
ing applications shown in Table 11-E-7 were computed from the orchard
data.

Crop Application Rates. The unit application rates for crops are
the weighted averages of a croppiig pattern selected for the soils of
each sub-area by the Special Technical Consultants for crops (Dr. Jamecs
N. Luthin and Dr. James W. Biggar). The types of crops utilized were
alfalfa, rice, other grains (wheat, oats and barley), truck, field, row,
sugar beets, vines, deciduous orchards, safflower and beai:s. The unit
vegetative requirement and leaching rate for cach crop used was salected
by the Spectial Technical Consultants, as applicable to the particulct
crop, soil and sub-area.

Infiltrotion Areas. Laboratory and field tests have demeoncticied

that free draining soils similar to the Brentwood-Yole ascocietion (silty
loams) are quite well suited to high rates of wastewater cpolication, 1

The SERL report ‘Ref. 15) suggests that an equilibriur rate of C.10 foet
per day 50% of the time (30 feet per year) can b2 maindained on a long-
term basis. The report recommencs a design value of five times tnis 4
amount (150 feet per year) as @ mean velue. Actual wastewater appli-
cation rates on sandy soils heve been reported as high as 300 feet per
year (Ref. 18).

The unit wastewater applicarion rates shown in Table IT-E-2
{90 feet per year) for infiliration arces assume an epelication 1ate of
1.0 feet per day and resting for three days. This value was estimated r
as the nmaximum wastewater application that could be made on the soils
identified as suitable for infi'uatior areas ( see Table 1I-C-2).

Qver-Irrigation. Over-irrigation {(as well as under-irrigation)
can be practiced on nearty all veoae o tion but not without some reduvciion
in yiecld. Even Redwood trees which are native to flood plains euifer
damage in their root structwro: during exiended innundation. ‘they are
able, however, to repair this damaye efter the soil haes diied where

] ‘

many other plants cannot recover and remain in a werkened condition,
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The internal drainage capacity of many of the soils available
in the sites under investigation will often exceed the water requirements
of the vegetative cover maintained on its surface (see Table II-C-2).
Field experience at Pleasanton, Celifornia has shown that the application
rate of a secondary effluent to @ mixture of common grasses (rye, orchard,
feccue, brome, etc.) on a Yolo type soil can be as high as 11 feet per
year (about twice the farm plus leacning requirement) without serious
damage to the crop and without anv significant amount of surface runoff
during the year. In addition, a monitoring program of the sub-surface
drainage water (no sub-surface drainage system was installed) has
shown it to be of acceptable quality for groundwater recharge.

Although nitrate removal will cecrease with over-irrigation (see
Figure 11-C-7), there may be sufficient justification, based on considerations
of reduced land requirements and site development costs, to apply more
wastewater than is required for optimum vegetal cover growth. At present
there 1s insufficient data available on which to base a reliable estimate
of the maximum level of over-irrigation that can be maintaired for each
soil type and each vegetative cover. It is assumed, however, that
most soils identified can survive with wastewater apnlied at a rate of
two times the optimum arowth reguirement of the associated vegetation.
This application rate has been assumed as the maximum rate limited by
vegetation and 1s used in Alternstives No, 2 and 3.

Organic Loading. The organic concentration of the wastewater
source (that component that is readily degradable by bacterial digestion
into inoroanic compounds) is closely relaled to the total suspended solids
concentrations estimated for wastewaters from the 12-county region
(20 to 40 mg/1 as shown in Table i1-2-10), Thus the unit cryanic loading
from wastewatler applications would rainge from 0.03 to 0.06 tons per
acre-foot per acre. Using the reccommended unit applications, forests
would receive organic loadings of from 0.1 to 0.5 tons per year per acre,
pasture and crops from 0.05 to 0.3 tons per acre and infiliration areas
from 2.5 to 5.0 tons per acre.

Burd (Ref. 22) has suggested that organic loadings should be
kept to less than 20-25 tons per acie for growing crops but that loadings
for soil modification purposes (no direct cropping) can exceed 100 tons
per acre. Tae rate of application of wastewater is not, therefore, limited
by the organic loading.

Annual toial nitrogen loadiags will range from about 400 pounds
per acre on crops to over 2500 pounds per acre on forests and pasture,
These loadings will exceed 1n aliiost all cases the anaual nitrogen

requirements of the vegetatior { ssumcd to average 300 pounds ver acre),

E-33%




The annual application of total phosphorus will range from 80 to
389 pounds per acre. Since phosphates are readily adsorbed by the soil
particles, these loadings will not be of great concern.

Application Efficiency. Through very careful water management,
irrigation applications can be made with little or. no surface runoff.
This type of management is expensive and, while practiced initially,
is often abandon~d when the water supply is not critically short.

In estimating values for practical and feasible application rates,
we have selected a 70% irrigation efficiency (30% of the water applied
for irrigation purposes is lost to either surface runoff or to the sub-surface
drainage system) as a reasonable estimate of the water management effort,
From this estimate, 10% is assumed to runoff and 20% passes through
the root zone for all land uses.

Since the salt lea/ching applications are normally made during
periods of low transpiration use, with the same water management
practices, a greater percentage of the application can be forced through
the root zone to leach accumulate salts. No leaching application would
be required omn the infiltration areas.

Tota) Applications. Tables IT-E-3, II-E-4 and II-E-5 indicate
the total annual wastewater applications for each sub-area under
Alternatives 1, 2 and 3, respectively.

The recommended @pplication rates shown in Table II-E-3 are
taken from Table II-E-7 and are based on the growing season and site
requirement of each vegetative cover and include a 30 percent application
loss to surface waste and deep percolation below the root zone. For
example, the annual app'ication rate of 5.4 acre-fect per acre shown in
Table 11-E-3 for the pasture area in Sub-Area 12.1 is the sum of the vege-
tation and leaching requirements shown in Table II-E-7 and is based on
the water requirement data given in Table I1-E-6. These recommended
application rates are discussed on page E-30 and are in some cases
limited by maximum permissible soil intake rates as indicated. The
vegetation-limited arplication rates shown in Tables 1I-E-4 and 1I-C-5
are taken fiom Table Ii-L-2 and indicate the maximum wastewater app-
lications permissible for survival ¢f vegetation based on considerations
of vegetative cover, soil, slope, growing season and organic loadings.
These application rates are estimated as 200 percent of the site require-
ment of each cover plus its leaching requirement (from Table 11-E-7).

For exemvle, the annual application rate of 10.2 acre-feet per acre
shown in Tables 1[-F-4 and II-E-§ for the pasture area ol Sub-2ea 12.1]
is the sum cf two times the site requirement for vegetation (4.3 Lorve~{aet




ner acre) plus the site leaching requirement (0.6 acre-feet per acre)
shown in Table 1I-E-7., These vegetation-limited application rates

are also limited in some cases by maximum permissible soil intake

rates as indicated.

7 - Recovery Rates

Any estimate cf the complete distribution of water resulting
from a water spreading operation on soil covered with vegetation that
is subject to the natural variations in climate must at least be baced
on averages and at hest on judgements., Figures II-E-3, II-E-4 and
II-E-§ present estimated long-term average water balances that may
prevail for each land use alternative.

The Corps of Engineers has made long-term rainfall-runoff
studies (Ref. 21) of nearly all tributary watersheds in the Sccramento and
San Joacuin River Basins. Thesec stucies indicate that annual surface
runoff varies from 20 to 409 of the 2nnual precipitation with steeper
watersheds approaching the upper figure and watersheds in the valley
floors spproaching the Jower figure,

We have, therefore, assumed that for forest and pastures,

approximately 309 of the annual precinitation would hecome surface

L-34a*
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runoff, 20% would infiltrate beyond the root zone and 50% would be
used by the vegetation. Because of the flatter slopes for crops and
infiltration areas, this distribution of precipitation was weighted toward
infiltration,

8 - Treated Water Recovered

Estimates of the annual quantities of treated wastewater reco-
vered by sub-surface drainage or groundwater are shown in Tables IT-
F-3, 1I-E-4 and II-E-5. Thess values are based on the distribution
estimates shown in Figures I1-E-3, TI-E-4 and II-E-5, and assume the

se of either closed subsurface dreins or properly spaced groundwater
wells, Uses for these recovered waters will be dependent on recovery
iility locations and on the recoverecd water qualities.

A - Recovered Water Quality

Two gualities of recovered water must be considered; that appear-
ing in the surface collecter drains and thai appearing in the sub-surface
arawns or the aroundwater reservoii where sub-surface drains are not
provided. The surface runoff wouid be recycled to adjacent arcas for
reuse, In thic process it would receive at least as much treatnent as
the water recovered by the sub-curface drains or the groundwater reser-
voir., Table 1I-C-7 gives the average removal efficiencies for each of
the wastewater constituents. The variation in the removal efficiency
for total nitrogen is discussed in Section C. Table I1-E-8 shows esti-
mated recovered water qualitics,

10 -~ Surfece Water and Groundwater Quality

An atteript was made to ectablish the general location and slope
of the yroundwaicr ‘ablec and the existence of harriers to the vertical
and lateral movenents of groundwiter in the sites. This attempt was
not entirgly successful because of the almost total lack of well and bore
hole Jdatd in most of the sites.

Since water well locations =re random and confined to areas where
grovndwaler aaquifors exist, no meaningful geologic cross sections could
be constructed for most sites.,

Table 11-T-9 gives an estinate of the variation in water qualities
found 1n the sclected sites.




Table Ii-E-8

ESTIMATED QUALITY OF RECOVERED WATER 1/

l’”' WL A -Sub-Surface Drainage
or Groundwater
Wastewater Applied Surface et
Constituent Wzater Drainage Forest Pasture Rapid
Y and Crops Infiltration
i B S Sy ) | S TS Lo ot i
Biochemical Oxygen 30-60 6-12 0.3-0.6 0.3-0.6 1
Demand (BOD) ;
Total Nitrogen (TN) 30-100 6-20 3-20 21-70 :
Total Phosphorus (IP) 10-20 2-4 1-2 1-2 |
Total Suspended Solids | 20-40 4-8 0.2-0.4 0.2-0.4 !
(TSS) | g
! Total Dissolved Solids | 400-1000 ; 400-1000 3/| 800-2000 4/ | 450-1100 ¢/
| (TDS) { f
i Phenols —— | ——- -— —— {
' Gross Heavy Metals 1-20 | 1-16 0-15/ 0-1 |
3 ! (GHM) ! , i
‘ Oil and Grease + 5-15 | 0.3-0.8 0.3-0.8 : 0.2-0.8 '
Coliform and Racterig - —-—— —-_——— -
Py . d WA CNEEN ST e e
I\V(AII

1/ Based on Table 11-C-7
2/ See Table JI-B-10

3/ Water would be recycled to adjacent lands for further treatment,

4/ Assumes one-half of the total application is used for evaporation and
transpiretion. Sub-surface drains are assumed to receive all applied salts.

§/ May be 30% higher depending on the effectiveness of the salt leaching
applications in remeving heavy metals.

6/ Assumes 10 percent of water is used,

=38




Table 1I-E-8

APPROXIMATED GROUNDWATER AND SURFACE WATER QUALITIE*

GROUNDWATER i
SITE Characteristic (mg/)) % 1 Characteristic
TDS o | sos TH2/ | B Na | TDS TH 2/ jmca
4 970 132 --- 319 1.2 45 | 110340 | - “15“:_:
5 328 45 2 brass dbe. 38—| 117-633 | 83-355 | 0-26
12 282 35 11 ViR e e 67-3550 | 28-1240 fo‘-.m_‘
18 127-560 | S-124 360 | 5-294 |o-t.o -19::: 110-340 | 40-232 0-61
21 300 48 6 | e | 09 | 74 51-226 | 40—232“1;”70:_6
27 $50-770 88 133-239 | 324-540 |0.2-0.8 | 35 1 180-1090 _1_32:6;0”.}?2—6‘3
gt cUtaTyaR SRTUEERTY YR N
28 --- --- - - --- --- || 340-700 ——— | —ma
@ 42 548 58 28 o | 0. ;;3.___1 52-1280 | 26-503 1_0-34}
43 548 58 28 110 0.5 43 1 340-700 36-142} 0-37

NOTES:

1/ From Quality of Surface Waters of the United States, Geological Survey Water-Supply Paper, 1965
Region, California Region Framework Study Committee for the Pacific Southwest Inter-Agency Comn

2/ Total Hardness

3/ Total Non-Carbonate Hardness




Table II-E-9

ROUNDWATER AND SURFACE WATER QUALITIES 1/

|
| SURFACE WATER

% ; Characteristic (mg/1) ? % Dominant Ions
} Na ‘ TDS TH 2/ ;TNCH y? B Na Ca*t*|Mg**/s04™ [C1” |HCO3
2 45 || 110-340 | --- T‘ S A e x | x x
TR et Sl REESNEIEING AIERNR SN
2 38 117-633 | 83-355 . 0-266 | .15-5.0 | 16-42 x | x x
| T e -f-_w:sssoﬂ 20-1240 | 0-1080 | 0-1.5 | 34-63 | x
0| 19-83 110-3%0—5 40-232 0-61 | 0-2.0 |11-23 :_-;“ 2 X
e | e 3’ 51-226 | 40-232 | 0-61 0-3,0—5 I SEEERE T T
0.8 | 35 J 180-1090 | 132-650 | 0-263 0-0.7 | 1956 | x x .
B lwwl = T Al T+
5 43 || 52-1280 26--503 ‘ 0-347 ; o-o_,g-Ta-z-sa SN e x x
Bl , : | 1 A Rnaiat ARl i SEMCH. Jueltil |
S 43 | 340-700 36—142; 0-37 ‘ 0-0.2 i X x X x

PBQ&D, Inc.

Geological Survey Water-Supply Paper, 1965, and Comprehensive Framework Study - California
for the Pacific Southwest Inter-Agency Committee Water Resources Council, 1971.
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11 - Site 4 Evaluation

Site 4 was selected to represent the opportunity for enhancing
a wildlife habitat and, due to the limited potential for agricultural
applications based on distinct soil characteristics and the desire to
provide food for waterfowl, Site 1 was not evaluated in the same manner
as were the other eight selected sites. Soil association data, potential
vcgetative covers and wastewater applications for Site 4 are indicated
in Tables II-E-10 and II-E-11,

12 - Projected Life of Sites

The magnitude and frequency of wastewater applications and
the diainage systems recommend«d for all sites are selected to allow
perianent operation. Nitrogen forms, phosphates, phenols and the
soluble salt fractions will cither e continuously used by the vegeta-
tion, volatiliced, biodegraded or leachcd from the soil profile.

Nearly all pherols and qress heavy metals are from industrial
wastes and, at high concentrations, are potentially toxic to vlants,
animels and htmans, The gross heavy metals ore exvected to
accumulate in the scil profile in propottion to ite clay content with
little plant wpteke or leaching occurring. Hence, gross heavy metals
(a1l phencis) must be removed 1o the industrial wastes at their
sources., With this tectriction continuous annua)l cperation of all
sitns can be achieved.

- —— ———
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F. SITE DEVELOPMENT

The development of wastewater distribution, application and
drainage systems will require a detailed design effort. Considerable
site field data such as detailed topography (a scale of 1:5,000), detailed
soil classification, land use and ownership identificat.on, site infiltra-
tion and seepage tests and comprel.ensive hydrologic and hydraulic
analyses will be necessary to support this design effort.

1 - Application and Recovery Systens

General methods of wastewater distribution to land parcels include
the utilization of open ditches, buried pipe laterals and combined systems,
Land parcels will vary in size depending on topography, ownership, pro-
posed land use and method of application of wastewater. Open ditches
have been used extensively in the West for irrigation purposes and may
be satisfactory in selected areas of proposed wastewaier sites, In
recent years, an increased concern for water conservaticn, public szfsty,
appearance and reduced maintenance has initiasted a shift ftom oneun ditch
latercls to buried pipe laterals. The U. §. Bureau of Reclamation nnov
has a policy of using buried pipe svstems unless specific justification
for an open ditch system can be found.

Proposed wastewater application designs will utilize curface
irrigation and sprinkler systems. Surface irrigation systems can be
designed for a8 minimum of operaiion and maintenance bhut reguire nearly
level land or contour or terraced irrigation and are theratore suitable for
use in selected site areas only. Sprinkler systems can be used oa nearly
any of the terrain under concideration and allow careful conticl of woste-
water application. Initial costs are normally higher and evaporative
losses are greater; however, returning the water to ¢ natural cycle throues
evaporation may be considered a benefit.

Site drainage system desiqgnrs will incorporate open surface drains,
closed sub-surface drains and wells. The choice of specific diainage
systems for land parcels will depend on topography, soil and zubsoil
conditions, veaetative cover, groundwater levels and water quaiity pro-
teciion requirements:,

Figures 17-"-( through II-F~4 show a range of actual installationsz
of distribution and drainage facilities for operaring irrication systcum .,
: &

These drrigation facilities are repiesentative of the {ecilities that could
he utitized in developing the wastewater application =ites., !
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to the high surface runoff shown in Fiaure I1~-F-1, wastewater projects
would Le designed and managed to achieve a minimum of surface wastes.
Also, public access to surface storage and unavoidable surface waste
would be restricted by fencing.

Figure 1I-F-5 shows some of the facilities operated by the City
of Pleasanton, California. Of particular note here are the undesirable
specics of grasses and weeds (thistle, bunch grasses, etc.) which are
present and can only be controlled by spraying, reseeding or lewer and
more frequent water applications. These lower rates will allow the more
desirable grasses to remain dominant.

The present annual rate of wastewater application at the Pleasan-
ton site is approximately nine fect per year. It is, however, applied at
a rate of nearly one foot per 12-hour period with a rotation of about one
month. Hence the grasses suffer fror. lack of available moisture before
the next application and are wecakened allowing the more crought resis-
tant plants to dominate after several ycars of operation.

The Pleasanton operation appears to be quite successfil overall
and vrovidees a good demonstiration of 'and application of westewater on
a small scele.

2 = A Typic:l Site Development
Development of comprehensive site systems for the conveyance,
distribtwon, application and recovery of wastewaters must ke baset on
careful analysis of individual site characieristics. The specific design
requirements of a particular site are primarily dictated by site topography
although many other factors are involved. The discussion that follows
outlincs a tvvical approach to the design of a distribution, application
and recovery system for Site Sub—-Area 5.1. This approach is not inten-
ded as a guide for the design of the conveyance, storage, application
and drainage systems for the site, bu! is rather a discussion of many
of the considerations that will be involved in the design of these systems
for any site. Tt does illustrate typical problems that will be encountercd
and emphasizes the need for a comprei-ensive and imaginative approach.

Located ir the inner coast range mountains, Sub-Area 5.1 encom-

passes the Capay Valley in Yolo County. This valley containg both imi-

gated and dryland agricultural oreas in the central basin, some grassland

areas in the Jower elevaiions, and haidwood fore: o5 ana chaparral-

mount - in bruch lands 12 the higher gnd steerar arcas of the western and
e

eastern ridges (sce Fiarres H=1=1, pe-a T &; il=i-2, page £=18; and
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[i-¥-6). Cache Creek runs the length of the basin from north to south,
from an elevation of about 440 feet at the north end to about 230 feet at
the south end. The overall length of the site is approximately 16 miles,
and valley width varies from about 5,5 to 7.5 miles. The gross area of
the site is 67,100 acres, with 4¢,700 acres considered suitable for
wastewater application. Included in the net area are 11,000 acres of
Yolo-Brentwood soil located in the central basin area to the west of
Cache Creek, which are proposed for utilization as a maximum infiltra-
tion area under Alternative 3 (see Table II-E-5). The remaining area
extends up the western and eastern valley slopes to maximum elevations
of about 1500 feet and is suitable for forest, pasture and crop lands.

The sub-are exhibits varied topography and soil types and 1llus-
trates the design problem of devising a system to meet the requirements
of landscapes ranging from flat alluvial fans to steep forested areas.
The location of Cache Creek (a California Protected Waterways Plan
Class II stream) in the middle of the basin introduces the problems of
locating the site systems for protection and possible enhancement of
existing environmental values.

It is assumed that the potential supply of wastewater for this
sub-area will be the Sacramente ¢rea, which is the nearest major metro-
politan area and is approximately 40 miles southeast of the basin; thus
the most probably wastewaici inilow point is ail the south (downsiream)
end of the basin. Location of the source at a low point in this area
introduces a typical problem of ¢istribution system design which will be
encountered in other sites.

This particular sub-area, with relaiively steep sideslopes (up
to about 35-40%) along the westcin and eastein slopes, a pumping re-
quirement of about 1000-1300 tee¢. above the source point for the higher
lands on these slopes, and a ceniral valley portion of flat, open lands,
may best be served by a multipel .ystem and/or a couibination of con-
veyance, application and reclam-tion designs: cpen channels and con-
duits for conveyance, irrigation ditches and sprinklers for application
and surface and sub-surface dre‘ s and wells {or drainage.

Identification of land uses for specific areas must precede ox-
tensive design work since applic stion requirements for repid infiltration
aveas under Alternative 3 are 10 15 20 times the applicetion requirements
for forest, pasture or crop areas. It 1¢ possible that some of the patential
rapid infailiration areas may be coasidered inore valuahle in other land
uses such ¢s are indicated in Avternaiives 1 and 2; wie decision must
preclude any design work, Tor parpose. of Uns Javeo sion, however,
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it will be assumed that all potential rapid-innltration areas will be
tilized to capacity, thereby creating maximum ilow requirements anrd
ensuring an adequate system decign.

Consideration should also be given to possible locations for
wastewater storage facilities within the site in addition to any major
facilities proposed for storage capacity for the site. It is assumed that
any proposed major reservoir will be located outside the basin area for
Sub-Area 5.1, and probably to the south, but it should be noted that
alternate placement (possibly within the site or at the higher end of the
basin) could have a pronounced cffect on design requirements for the
site. Strategic placement of smaller reservoirs within the site could
utilize potential natural storage aerecs and reduce hydraulic requirements;
in addition, these facilities could be designed and operated to provide
pond-settling capabilities.

Preliminary investigation of Sub-Area 5.1 indicate that there are
several potential reservoir sites in the canyons along the western slope
of the valley, but in-depth geolcwic investigation must precede deter-
mination of techmcal feasibility. Likewise, portions of the wester:
and castern slopes of the bhasin apoear to be suitable for surface irri-
gation, while other arcas on the slopes are too rugged to permit uniform
and efficient application by surface irrigation and would require movahle
sprinkler systems.,

In this consideration of the system design problem for Sub-Area
5.1, it is ascumed that any major storage facility for the area will be
located at thie south end of the barin, that all potential areas will he
utilized for maximum wastewater .ipplication under Alternative 3 and
that application rates will be akout iive feet of wastewaler per year to
the forest, pasture,and crop lands for 8 months o the year, and 90 feet
per year to the Yolo-Brentwood aciecge intended for rapid-infiltration
utilization on a year-round basis.

Any system proposed for Sub-Area 5.1 will have to provide for
pumping of the water along the valley floor, as ground slopes along
Cache Crack prevent the use of ar open channel. Two basic overall
design approaches appear to be thne wost feasible:

1) Pumping of the water from the southern point in the
basin through .hree separate distribution systems:
one e¢ach fo: tu.2 eastern and western forest, pastws
and crop 1a:¢' areas and ove 1or the rapid-infiltration
acreane loco'v > in ihe ceontral valley portion,
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This plan would require pumping of wastewater to the eastern
snd wester: ridges of the basin, at heights of 800 to 1200 feet abcve
the southerly supply point. Additionally, a pipeline would be recquired
for dictribution of wastewater for the rapid-infiltration acreage in the
Central Valley Region. The lift for pumping to the eastern and western
slopes is great, but it should be hoted that flows to the eastern and
western slopes comprise only about 20-25% of the total flow requirement
for the basin.

A system of open channels along the eastern and western ridges
has been considered in combination with gravity-fed surface irrigation
systems, but the topography indicates that construction of such chanrnels,
which would be 2 to 5 times the length of the valley if natural contour
elevations are followed, would he tedious and costly. One alternative
is the construction of pipelines along the ridges at the most feasible
and convenient elevations for sy, liing wastewater to the irrigation and
sprinkling systems at lower elevations.

Under this plan, a pipeline located in the central valley floor
would be required to provide wastewater to the Yolo- Brentwood rapid-
infiltration area, and a series of pumping and cutlet stations would be
required along this central pineline, The construction of levees in this
rapid-infiltration area may permit the utilization of gravity-assisted

wastewater application.

It should be noted that no conveyance of wastewater across
Cache Creck would be required under this plan.

2)  Pumping of the eatire quantity of required water
through a pipeline located just upslope (west) from
the Yolo-Brertwood acreage.

An obvious economy would be gained by pumping the wastewater
into one pipeline rather than three, but larger pumping stations would
be required along this central pipeline to handle the flows to the eastern
and western slopes as well as the application requirement for the rapid-
infiltration area. This system could Le devised to include a minimum
number of pumpirc stations and other costly hardware, as distribution
points along the central pipeline could supply all three areas at once;
the western slope, the central rapid-infiltration area . and the eastern
slope (see Figure II-F-6). This plan, on the other hand, imust provide
for conveying wastewater across Cache Creek, whicn reaches a maximum
width of about 200-400 feet, to the eastern slope of the basin.

F=11




Under this plan, a moveable sprinkling system would be con-
structed to provide maximum efficiency and uniformity in the distribucion
of wastewater to the forest, pasture, and crop ereas suitable for sprink-
ler application, and surface irrigation may be incorporated by pumping
of the wastewater from the central pipeline into channels in areas of
suitable topography. Spreading on the rapid-infiltration area may again
be achieved by gravity-feeding to sections defined by a system of levees.

Each of the two plans for Sub-Area 5.1 calls for a central pipe-
line to be constructed just upslope from the rapid-infiltration area. A
series of pumping and storage stations would be required at convenient
locations and at suitable intervals along the pipeline. The sizes of
storage and pumping facilities would be determined from application and
flow requirements, with reservoirs providing storage capacities sufficient
to allow for continuous pumping along the pipeline, thereby significantly
reducing sizes and costs of pipeline and pumping equipment.

Preliminary flow requirement calculations have been made for a
system of five pumping, storage @énd distribution stations located alung
a proposed central pipeline (see Tigure 1I-F-6). TDstimates indicate tiat
continuous flows in the five sections of pipeline will range from about
1800 cfs in the initial section to about 300 cfs in the last section. Sio-
rage capacity requirements for these facilities would be calculated from
flow estimstes and system flexibility requirements. FEach of the five
stations would have outlets for the distribution of wastewater to adjacent
forest, pasturc, crop and rapid-infliltration areas. Additional pumps
would be required at these stations to serve areas in which topography
cannot provide the hydraulic head required for distribution, and pipelires
crossing Cache Creek would be required for the transporting of wastewater
to eastern slope areas. These pipes could incorporate outlets for the
distribution of wastewater to the rapid-infiltration areas.

A typical sprinkler system for suitable areas might include
moveable surface sub-lateral lines supplied from a network of buried
main laterals receiving flow from the five storage and pumping stations.
Areas suitable for surface irrigaticn could be supplied by open ditchee
receiving wastewater directly from the pumping stutions. The design of
sprinkler and irrigation systems would incorporate natural surface char-
acteristics and slopes to facilitate east in construction and operation.

Figures I1-F-7 and I1-F-8 illustrate a possible scheme of waste-
water distribution and chainage s stems, Areas with steep slopss will
best be served by sprinklers and curfoce drainage systems, and some
flatter areas may more effectively utilize curface irrigation and soi» surface
drainage systems., Natural drainaye patterns in the sub-area are eviensive
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and may be utilized successfully in @ comprehensive drairage and
recovery system,

3 - Conveyance and Storage Systems

An investigation of alternative off- site conveyance and storage
requirements for the nine seiected sites is not included in this report.
It is assumed that thece fecilities will be a combination ¢f open and
cloused conduits and canals with pumping stations and requlating reser-
voirs located to take advantage of the natural topography. Storage
reservoirs will probhably be recuired at bhoth the eifluent source and at
the land application site and daily forebay regulation capacity will he
required at the pumping plants. Standby pumping cepacity and power
source will be required {o. all njunts. Right-of-way for all facilities
must be carefully consigered as w2ll as the solution to the problem of
Crossing any major wal2rways.,

Figure JI-1'-9 shows a masa-curve storage capacity analysis
for the extreme monthly distritwitics of annual wastewawor applications
f the total annual
application wonld have to be stered in the sub-erea to provide for these

variotions.

for Sub-Areds 2.2 aud 1801, Prom 40 to S5 percent o

No storewe capacity would b2 required for the rapid infiltration

areas urder Alternative 3 =ince the wastewater applicetions would be

uniforn. throvghout e yesr, However, dead slorage requirements,
()V(Z}JU':UL Gl S0CDI00R 1
distributions eavsed by cl

osses and provicions for tho extreme monihly

Imnatic conditions wauld have tc be conzidered

for ecach site to valerine towa! storcae requirenients.,

4 - Estimated Developmen! Costs and Crop Values

Tables II--F-1 and I1-I'-2 give estimated unit development costs
end estimated crop and ground cover values ior the renge of cystems,
equipment ana vegelative covers envizioned for wastewater application
sites.

S_-_Site Manisement

An unlimited life has bieon assumed for viasteve.tor aprlication

eiies with prope: maciaemwent, Ao autlined in Sec.ion ¢! of this repoit, ’
restoration of 15 s poptle « o @ RCE mocium may | aratirct
r ,::
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Table H-F=1

ESTIMATED UNIT DEVELOPMENT COSTS 1/
(1970 base)

L e el e e T D e T L e e
i Capital ! Annual Operation |
’ Feature ‘ Expenditure | & Maintenance2/
i | ($ per acre) 1 ($ per acre)
- i _ e PR
t Conveyance & Storage “ --—3/ ---31/ !
é Distribution Systems i f
i Open Ditch | 3005 = 350 2'-'5
| Buried Pipe i 400 - 500 Ry :
; Application Systems } ‘
| Open Ditch (furrow, border i i
; or basin) : 50°= 2005-/ i -0-
? Buried Pipe (furrow, border ,'

or basin) 3 150 = 400’1l~ | - 0-

Sprinkler (includes pump)

Portable ; 150 = 200 50 = 60

Semi-permanent : 500 - 600 ! 50 = ©0 \

Solid Set | 600 - 700 i 50 - 60

Frost Protection i 5
| (permanent) | 800 - 1200 70 - 80 | i
| Drainage Systems ]
\ Open Ditch - : 50 ~ 100 =5 [
' Closed Subsurface 150 - 200 2-5 |
! Wells 50 - 100 o = 'S |
i LI SN O et - PRt R /e S O e | | R W R T

1/ Derived from a variety of reporte and individuals and intended for use
as approximate site development costs.

¥

~ Does not include labor costs normally associated with furm operations
(i.e., land preparation for scoding, irrigation water management, clc.)

3/
=" Vaiiable denending upon site Jocation and characteristics.

Includes cstimated cost of land leveling.
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Table II-F-2

ESTIMATEED CROP AND GROUND COVER VALUES 1/

(1970 hase)

Crop or Cover

.

Estimated Gross Value
(S/acre)

Forests
Redwood
Monterey pine
Pasture
Forage and Hay
Alfalfa
Rice
Grain (cereals)
Crops
Truck
Field
Row
Orchards and Vines

Sugar Beets

Native Vegetation and
Marsh Grasses

1/ From Ref. 28

2/

I'rom Ref., 37

100 - 200

200

200 - 250
150

300-600

150-300

1S0=250

600 - 800

e ey el et s i i e i S




attentive management is exercised. Care in determining suitable cropping
batterns, 1n the design and construction of application and
tems, and in determining optime] application and resting cycles and vege-
tative cover removals and close monitoring cof applied and recovered waste-
waters should ensure efficient treatment, and optimal vegetative growth
while protecting the environment and preventing public health hazards.
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G. ENVIRONMENTAL ASSESSMENTS




G. ENVIRONMENTAL ASSESSMENTS

1 - Criteria

The criteria for assessing the potential environmental impacts
of applying wastewaters to the selected sites are based on reports pre-
pared by the technical consultants and are summarized in the following
paragraphs.

Criteria for Vegetation, Fish, Wildlife and Recreation

1. Wastewater application processes for land units within
potential sites which support significant populatiors of
game and non-game species should be designesd to woir-
tain the carrying capacity of these areas.

2. Opportunities for the use of wastev.atar to enhance the
productivity of existing wetland arce= chouvld be ideatified.,

3. Plant and anima! species and unique ecolovicel communiiios

1

be identified.

4. Wastewater or reclaimed wastewater which is to 1o uesd
for recreational purposes in a potential site should
evaluated in relation to the extenis of public uses antici-
pated.

5. Opportunitics to use wastewater and roclaimed wastewater
tor reservoir storage and for augmenting fiows in natural
stream courscs with resulting enhancement of fisheries,
wildlife habitets and recreational activities should be
identified.

6. Unique histcrical and aichaeological sites which could be
endansered by viaste vater application should be identified,

7. Transport and distribution facilities and wastewatoer appli-
cation methods should be designed for minimum impact on
the environment,

8. Anticipated uccurrences of ground fog, humidity prohlems
and odor nuisience: should be identified,

which would be endangered by wastewater applicetion choeld
= ¢
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9. Opportunities for enhancing the overall environmental
quality of land units within potential sites should be iden-
tified. Such opportunities may include changes in vegetal
cover, expansion of the diversity of species and increases
in biological productivity.

Criteria for Public Health

1. Percolated wastewater which will be allowed to comingle
with water supplies shall exceed the chemical and bacter-
iological qualities of those supplies. Percolated waste-
water which will be used for drinking water shall meet the
U. S. Public Health Service Drinking Water Standard.

2. Wastewaters which are planned Hr use for spray or surface
irrigation of produce market crops, processed food crops,
dairy pasture and landscaping, and for landscape and rec-
reation impoundments, shall meet the State of California
Standards for the Safe Direct Useof Reclaimed Wastewaier
for Irrigation and Recreational Impoundments.

3. Environmental health factors including communicable diseases
and vectors should be assessed in each potential site and
control measures outlined.

4, Wastewater application cycles should be designad to avoid
over-watering 1n land units susceptible to the propagation .
of fungal disease ayents,

2 - Vegetation, l'ish, Wildlife and kecreation Assessments

This preliminary assessment provides the following information
for each of the nine selected sites:

1) Expected plant and animal associations in the site.
2) Populations of selected plants, animals and habitat types.

3) Incidences ana potential location of rare or endangere
plants and animals.

4)  Habi*ots or ecolu ics that are valuable, popular or other-
wise sengitive to <hange.




5) Fish, wildlife and recreational use opportunities.
6) Historical and archaeological sites.
7)  Recommendations for further site evaluations.

Data gathered for this preliniinary assessment includes information
from various state and county agencies, from California Department of
Fish and Game biologists, and from the California Regional Water Quality
Control Board, and is incomplete in many instances. Information for
each of the selected sites is summarized in Table 1I-G-1. A discussion
of each selected site is found in Part 4 of this section.

Rare and endangered plants and animals whose distributions fall
within the potential wastewater management sites are identified and
described as to habitat and locality., Major and/or common fisheries
and wildlife are identified for each arca, as well as the densities, rec-
reation use and yield of the game species and their distributions relative
to habitat types. Public recreationeal facilities are inventoried as to
on-site facilities and uscs. The gross recreation reservoir is determined
for each area. Unique or critical hebitats or ecological situations are
identified and discussed.

Vegetation

A list of rare, endangered and possibly extinct plants was com-
piled for each area from the "Inventory of Rare, Endangered and Possibly
Extinct Plants of California" prepared by the California Native Plant
Society. LIxact locations for each species may be available in the lit-
erature or frecm herbarium specimens, but general distributions are used
for each species in this study. As a consequence, some species may
be located just outside an arca, but may be listed in the area.

The locality and plant community is included for each species
named. Plant communities are regional elements of the vegetation which
arc characterized by the presence of certain dominant plant species.

Both climatic and edaphic conditions affect the distribution of plants

and thereby requlate plant communities. A complete list of California
plant communities with their dominant or indicator species can be found
1 Munz arnd Keck's A_California Flora. Examples of common communities
and some of their indicator species (by common names if available) are
summarized below:

G-
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Plant Community Some Indicator Species

Valley grassland Annual grass species of (Bromus,
Festuca, Avena, Stipa)

Chanarral Chamise, toyon, coffeec-—-berry,
California lilac, manzanita

Foothill woodland Digger pine, black oak, valley
oak, interior live oak, coast
live cak, California bay, Cali-
fornia buckeye

Redwood forest Coast redwood, Douglas fir,
tanbark oak, Rhododendron,
wax myrtle

Closed-cone pine Monterey pine, Bishop pine,
fore st beach pine, Monterey cypress

Comparisons of vegetative cover types, habitat types and plant
comamunities are given in Table 1I-C-2., Only those cover types, plant
communities or habitat types which are in the wastewater management
areas are included. Correspondirg vegetative designations are shown
on the same horisontal line, and overlapping designations are indicated
by a line beiween the two different designations.

Fish and Wildlife

The wildlife within cach wastewater management area is reported
by habitat types. Habitat typcs are based o recurrent assemblages of
certain key plant species or types. California habitat types are listed
in the Ceclitornia Fish and Wildlife Plan (Vol, 111, Part A). Examples of
habitat typos and their indicator piant species are shown below:

Dabltot Type Indica!or Species
Redwood fore st Coast redwood, Douglas fir,

California lawel (bay), tan-hark
oak, Rhododendron, inadrone

Coastal forect Douqlas fir, redwood, Califorma
lavrel, tcn-bark oa%, madrone

Hardwoo!! Live cak, black oak

—— e




COMPARISONS OF COVER TYPES,
CALIFORNIA HABITAT TYPES
AND PIANT COMMUNITIES

Cover Types

Coniferous forest

Hardwoods

-
o

-

Grass-Forbs ~

Chaparral-Mt. Brush

Table I1-G-2

California Habitat Plant Communities
_Types i
Redwood forest Redwood forest
Coastal forest Douglas {ir forest
Pine-fir-chaparral Yellow pine forest I
Minor coniters Closed-cone pine forest
Hardwood Mixed evergreen forest
Woodland-chaparral-__
Woodland-sagebrush _{\) Foothill woodland
Woodland-grasses—" Northern oak woodland
Grasslands Valley grassland

Coastal prairie

Chaparral Chaparral
Northern coastal ccrub
Coastal strand

Coast sagebrush Coastal sage scrob

S

=

Southern Desert Shrub Saltbrush-buckwheat

Pinyon-Juniper

Marsh

Water
Agriculture
Urban

Bairen

Juniper-Pinycn pine Pinyon juniper woodland
Marsh Coastal salt marsh
Seasonal marsh Freshwater marsh

Lakes ,bays,reservoirs
Agricuiture
Urban industrial

Barren

G-6
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Chaparral Chamise, manzanita, Ceanothus
Woodland grass Oaks, broadleaf trees, grasses
Grassland Filaree, fescue, cheat grass,

brome, soft chess

Plant communities and habitat types are not synonymous, although
they generally have the same plant indicator species. Comparisons among
cover types, habitat types, and plant communities are given in Table
I1-G-2. However, this listing represents only a cursory comparison of
these different vegetative designations.

Fish and wildlife data, species identifications and densities,
hunting and tishing uses, and rare or endangered status designations
are derived from California Department of Fish and Game publications
and other sources including the California Fish and Wildlife Plan. Table
1I-G-3 contains a list of the principal game and non-game fish, birds
and mammals found in the study areas. The number of species of mam-
mals in California is considerably smaller than the number of species
of birds, end their distribution lends itself to cursory survey much more
readily than does the distnibution of birds. Consequently, the mammal
list given for the wastewater management areas contains most of the
mainmals, while the bird list is restricted to the game birds and raptors
of importance.

Waterways

The California Protected Waterways Plan (Initial Elements, 1971)
is the first report to the California Legislature of the investigations
carried out under the California Protected Waterways Program as required
by the Protected Waterways Act (1968). Part of the study required “the
identification of those waterways of the state possessed of extraordinary
scenic, fishery, wildlife or outdoor recreation rezoutrces." The term
“waterways" was defined by the California Protected Waterways Act to
include, "the waters and adjacent lands of strecams, channels, lakes,
rescrvoirs, bays, estuaries, marshes, wetlands and lagoons." This
study identified and classified the extraordinary waterways for each of
the major categories: scenic, fisnery, wildlife and recreation, A
master list of extraordinary waterways was compiled from these indivi-
dual evaluations,

The California Protected Watcrways Plan was used in this study
to identify the extraordinary waterways in each area and to rate them as
to relative impuortance for each of the major cate o1les (51('(‘;“\‘, ficherieo |
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Table II-G-3

PARTIAL LIST OF FISHES, BIRDS AND MAMMALS
FOUND IN STUDY AREAS

Anadromous Fish

Common Name

White sturgeon

Green sturgeon

American shad

King salmon

Silver salmon

Brown trout

Coast cutthroat trout

Rainbow trout (inland)
(ocean-steelhead)

Sucker

Carp

Sacramento blackfish

Hardhead

Sacramento

Splittail

Channel catfish

White catfish

Brown bullhead

Black bullhead

Yellow bullhead

Striped bass

Yellow perch

Smallmouth bass

Largemouth bacss

Green sunfish

Redear sunfish

Blucgill

Sacramento perch

White crappie

Black crappie

Tule perch

squawfish

G

Scientific Name

Acipenser transmontanus
Acipenser medirostris
Alosa sapidissima
Oncorhynchus tshawytscha
Oncorphynchus kisutch
Salmo trutta

Salmo clarkii clarkii
Salmo gairdnerii

Catostomus spp.
Cyprinus carpio
Orthodon microlepidotus
Mylopharodon conocephalus
Ptychocheilus grandis
Pogonichyhys macrolepidotus
Ictalurus punctatus
Ictalurus catus
Ictalurus nebulosus
Ictalurus melas
Ictalurus natalis

Roccus saxatilis

Perca flavescens
Micropterus dolomieui
Micropterus salmoides
Leromis cyanellus
Lepomis microlophus
Lepomis maciochirus
Archoplites interruptus
Pomoxis annularis
Pomoxis nigromaculatus
Hysterocarpus traski




Mammals
Lommon Nome

Black-tailed deer
Tule elk

Feral pnig

Black bear

Kit fox

Grey fox

Coyote

Mountain lion
House cat

Bobcat

Beaver

Muskrat

Porcupine

Opossum

Raccoon

Ring-tailed cat

Pine marten
Long-tailed weasel
Mink

River otte:

Spotted skunk
Striped skunk
Badger

Black-tailed jackrabbit
Audubon cottontail
Brush rabbit
Chickaree

Grey squirrel
Fastern fox cquirre!
Eastern grey squirrel
Moles

Shrews

Pats

California ground squirrel
San Joaquin antelope squirrel
Townsend chipmunk
Sonoma chipmunk
Merriam chipmunk
Valley pocl.et gopher
Little pocket mouse
San joaquin pocrot mouse

Scientific Name

Odocoileus hemionus columbianus
Cervus nannodes

Sus sp.

Ursus americanus

Vulpes macrotis

Urocyon cinerecargenteus
Canis latrans

Felis concolor

F. domesticus

Lvnx rufus

Castor canadensis
Ondatra zibethica
Erethizon eqixanthum
Didelphis virginiana
Procyon lotor

Bassariscus astutus
Martes caurina

M. frenata

M. vison

Lutra canadensis
Spilogale gracilis
Mephitis mephitis
Taxidea taxus

Lepus californicus
Sylvilagus audubonii

S. bachmani
Tamiasciurus douglasii
Sciurus griseus

S. niger

S. carolinensis

Scapanus latimanus
Sorex spp.

Numerous species of orcer Chiropter.
Citellus beccheyi
Ammospermophilus nelsoni
Eutamias townsendi

E. sonomae

E. merriami

Thomomys bottae
Peroagnathus longimembris
P. inornatus




Common Name

California pocket mouse
Heermann kangaroo rat
Cilant kangaroo rat

Santa Cruz kangaroo rat
Fresno kangaroo rat
Western harvest mouse
Salt marsh harvest mouse
California mouse

Deer mouse

Brush mouse

Pinon mouse

Southern grasshopper mouse
Desert woodrat
Dusky-footed woodrat
California vole

Pacific jumping mouse
Red-backed mouse

0Old world rate

Old world mouse
Mountain bhaaver

Scientific Name

P. californicus
Dipodomys heermanni

D. ingens

D. venustus

D. nitratoides
Reithrodontomys megalotis
R. raviventris

Peromyscus californicus
P. manicalatus

P. boylei

P. truei

Onychomys torridus
Neotoma lepida

N. fuscipes

Microtus californicus
Zapus trinotatus
Clethrionomys occidentalis
Rattus spp.

Mus musculus

Aplodontia rufa

Birds (Game, Waterfowl, Raptors)

Blue grouse

Chukar partridae
California cuail
Mountain quail
Ring-necked pheasant
Wild turkey
Band-tailed pigeon
Domestic pigeon
Mourning dove
Trumpeter swan
Western Canada goose
Great Pasin Canada goose
Lesser Canada goose
Cackling goose

Rlack brant _
Wthite- fronted goose
Snow goose

Ross goore

Mallard

(zadwall

o

10

Dendragapus fuliginosus
Alectoris yraeca
Lophortyx californica
Oreortyx picta
Phasianus colchicus
Meleagris gallopavo
Columba fasciata
Columbea livia

Zenaldura macroura

Olor buccinator

Branta cancdensis occidentali

B ©. moffittd

B. ¢. leucopareia
B. ¢. minima

B. nigricans

Anser albitrons
Chen hyperborea
C. rossii

Anas platyrhynchos
A. strepera

S




Common Name

Pintail
Creen-winged teal
Cinnamon teal
Anierican wWidgeon
Shoveler

Wooed duck
Canvasback

Greater scaup
Lesser scaup
Common goldeneye
Barrow's goldeneye
Bufflehcad
White-winged scoter
Sur{ scoter

Common scoter
Ruddy duck

Hooded inerganser
Common merganser
Red-breasted merganser
Blue heron

Common euret
Snowy egret
Plack--crowned night heron
Sandhill crane
California clapper rail
Gallinule

Coot

Common snipe
Glossy ibis

Condor

White-tailed kite
Golden eagle

Bald eagle

Prarie falcon
Peregrine falcon
Marsh nawk
Red-tailed hawk
Sparrow hawk

scientific Name

- A. acuta

= A. carolinensis

= A. cyanoptera

- Mareca americana

- Spatula clypeata

= Aix sponsa

= A. valisineria

= A. marila

= A. affinis

= Bucephala clangula

= B. islandica

= R. albeola

- Melanitta deglandi

= M. perspicullata

- Oidemia nigra

- Oxyura jemaicensis

= Lophodytes cucullatus
= Mergus merganser

- M. serrator

- Areda herodias

- Casmerodius albus

- Leucophoyx thula

= Nycticorax nycticorax
= Grus canadensis

- Rallus longirostris obsoletus
- Gallinula chloropus

- Fulica americana

= Capella gallinago

- Plegedis guarauna

= Gymnogyps californianus
- Elanus leucurus

- Aquila chrysaetos

- Haliaeetus leucocephalus
- Falco mexicanus

- Falco peregrinus

- Cirus cyaneus

= Buteo jamaicensis

- Falco sparverius

G-11
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"Class I -

"Class II -

as follows:

use;

wildlife and recreation).

The classification system used in the California Protected
Waterways Plan to evaluate the waterways is as follows:

Premium waterways. Statewide interest and
importance usually involved; attract visitors
from throughout the State.

Very good waterways. Regional interest and
importance uscually involved; attract visitors
from a Jess than statewide area, normally with-
in abcut a 200-mile radius. These waterways
have high values . . . but they rank just below
those ir Class I.

Important waterways. County-wide interest
and importance usually involved; used primarily
by residents of the county. Criteria evaluation
ranks these just below those in Class II."

The criteria used for evaluating and rating each waterway are
i 1) The size, present and potential ability to produce and
support fish and wildlife populations;

2) The quality and quantity of the fishery and wildlife
resources produced;

3) The presence of rare or endangered species;

4) Present and future potential human use (quality and quantity)
including scientific and education pursuits;

5) Present and future availability of the waterway for public

6) Presence of critical environmental requirements;

7)  Geographical location related to scarcity;

8) Aesthetic condition; and

9) Access, condition and facilities.

G-12




The four major categories (scenic, fishery, wildlife and recreation) are
.ub-divided based on type of waterway, type of resources, scenic
quality or recreation usage. Farm ponds throughout the state are clas-
sified as Class I lakes and reservoirs in the wildlife waterway evalu-
ations. Waterways within each pcotential wastewater management area
are recorded as to their classification in the California Protected Water-
ways Plan.

The majority of the inventory of existing recreation supplies was
determined by an analysis of existing state, county and local listings
of recreation facilities in their respective jurisdictions.

Natural features such as waterfowl flyway routes and water bodies
capable of supporting recreation are identified since these features sig-
nificantly affect the recreation potential for the study areas.

The participation day estimates given in Table 11-G-4 represent
the potential of recreation demand which might be available to a site,
thal is, the total demand from which a prospective facility might draw
users, The portion of potential demand which can be attractea to any
given site depends upon the natiral and/or man-made site amenities
and upon the public tastes at the time a proposed site is available for
public use.

All estimates of recreational demand are for the year 1970 and
are based on the variables identified in the demand subsystem cf the
Park and Recreation information System. These include population
forecasts, socio-cconomic characteristics of the population, per capita
demand for recreation activity by socio-economic characteristics, and
distribution of demand for recreation activity by travel zone.

The methodology used was as follows, Major population centers
were identified which were within 0 to 4+ hours travel distance to a
specific wastewater management area. It was then determined which
specific travel zone from each relevant city ccincided with the area in
aquestion. The number of recreation days attributable to each travel zone
was calculated for each city and then the figues for the zones coinciding
with the wastew.ter management area were summed to achieve a totai
representing a reseivoir of generalized (i.e., non-specific) recreastionists
from which a recreation facility migit draw users (cee Tigure 1T-G-1).

G-13
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Table II-C-4

ESTIMATED RECREATION POTENTIAL 1/

—

Selected Site No.

4

5

12

18

21

27

28

42

43

NOTES:

_1_/ Represents the total available reservoir of recreation from which

a site may draw its recreation use.

G-14*

Estimated Annual Recreation
Potential (million visitor-day:

)

281

109

112

254

105

121

109

266

265
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Historical and Potential Archaeological Sites

Table II-G-5 shows a tabulation of historical landmarks identi-
fird in the sclected cites and indicates the archaecloaical potential
of each site.

3 - Public Health

Table I1-G-1 indicates potential public health hazards antici-
pated fer each of the nine celected sites. The following paragraphe
outline currenily permissible and desirable woter quality standa:ds
and c=neral environmental controls and ideutify some specific nublic
health hazords and suitable contrel measures.

Water Quality Standards

Mipimum Requirements. Minimam reguircwonte for wastz .vstor
cuality prior to application whaore public contact ic w~ersihle but i:
tion is unlikely and where open channels ard s.orioc rosciveirs e
us2d are as fotlows;

spyd 1

3 y
AL, Ul

1)  BRacteriological. Tor secondary eiflic
Median MPN should not excecd 23/100 ml (R,
71). The pos:zibility of coutanination of wasic-
water with disease organisms should bo recoini.
The presence of pathogenic bacteria and vituss
must be suspected and appropriate proc

utilized to mointain tiiec above criterion.

2) Physical. Aerobic conditicns should - muintiin=i
for odor control and wat> e should be cvostaniiz)ly

free irom fleatable moterials that can be iecos-
nized as betng of sewage otigin,

Infiltration Requiremants. Direct injection of reclornd ve o=
water to replenish aquifers or to create bartiois against caivalr
intrusion can be practiced only with high ¢rality water,

ek

wastewatsr intended tor aduifer reeclemsbhment mu -t mooi the followis

listed levels in addit:on to necting the suaticem regadroments:
1) itrates - pot over 10,0 mg/l

2} Phospuintas - not evel 1.0 mg/l

“




Table II-G-S

HISTORICAL AND POTENTIAL ARCHAEOI{

=4 e ey e ]
SITE HISTORICAL LANDMARKS
‘; .
4 None . &
u
| S (T o : s 1
5 Stephens adobe - Rancho Canada de Capay - only adobe structure | £
standing in Yolo County ; e
‘ e
12 : Remains of Indian villages have been uncovered at various S
| water holes and Indian trails can still be traced |
18 Church of Our Lady of Loretto (at Nicasio) ‘ E
' h
|
——— B St — i T 'S J———— P L T ———————————
21 Church of Our Lady of Mount Carmel (at Asti) Es
Part of the adobe house of Cyrus Alexander (built 1845-46) hq
still stands
Rancho San Miguel -~ burial grounds in rolling hills near
Mark West Creek 5
: !
27 None Fa
no
: — SR z
28 None j Es
sy
42 Stone house of Dr. John Marsh, located near Brentwood - Es
owned by Contra Costa County sy
43 None Es
s fit
! me
t gr
1
SOURCE:

Corps of Engineers letter dated June 5§, 1972.




Table II-G-§

ND POTENTIAL
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ARCHAEOLOGICAL SITES

ARCHAEOLOGICAL POTENTIAL

|
|
|
t
;dbbe structure

P various

S —

N —

845-46)

} near

wood ~

Limited to low foothills on site periphery - no site survey has been
undertaken and no future plans exist

Eight feasible archaeological sites have been identified but not
excavated - excellent potential in valleys where a drainage system
exists or existed

Slight ~ lack of surface waters indicates that finds would be scattered

Estimated that a site exists every 1/2 mile along any drainage system -
heavily populated by Pomo Indians

Estimated that a site exists every 1/2 mile along any drainage system -
heavily populated by Pomo Indians

Foothills along Monterey Bay and Salinas River \slley may contain sites -
no surveys have been conducted

Estimated that sites would be few, scattered and located near drainage
systems - no surveys have been conducted

Estimated that sites would be few, scattered and located near drainage
systems - no surveys have been conducted

Estimated to be probably the most important area with respect to archaeological
finds - sites dating to 3,000 years old have been excavated between Sacra-

mento and Stockton: the proximity of site 43 and its drainage systems indicates
great potential - scattered site surveys have been productive
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3) Sodium Ratic (Na/K + Na + Mg) not over S0%
4) Heavy Mctals -~ not over 0.1 mg/1

5) Boron - not over 0.4 to 2.0 mg/1, depending on
tolerance of site plant life,

6) Pathogens and Viruses - Median Coliform MPN
of 2/100 ml

7) Floatabhles, dicselved organicz and grease zhould
be removed t¢ nrevent plugging of aguifers and
subsequent duceoniyosition.

8) Other constitients - should meet U.S. Public
Health Service Drinking Water Standards, the
American Water Works Asscciation Potable Water
Quality Goels and/or the [nvironmentel Protection
Agency Recommended Deogitable Criteria (see
Table 11-G=5 .

The Calilornia Health and Safety Code (Ref, 71 establizhes additional
standards and regulations for groundwater replenishment ueing reclas
wastewater,

Vegetalive Use Roqguiraminis. The Califoinia Administrative
Code (Refs. 72, 72) indicales detailod contiol standaris for the use

of reclaimed waestewatlor for irisation purposos Seneral guidelinos
arc outlined helow in addition to dechlorination, which may be required

prior to applications.

gu

1) Reclaimed wastewater applied by spray irrigation
will generall neod to coiiorm only to the mini-
mum standaraz when used on fodder, fiber, seod

cropg and procossaed food crops such asg the
fO”()“.'ilJ\,‘:

Alfal‘a,

Pastu.c vead only by beef cattle,
Rice,

Othoi grains and cercals,

Deciduovs orchards only it nuts or olives,
Suga:beet: ,

ow rops only if subsequently procescsed,
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2)

3)

The following vrocedures

Safflower,
Vines only if raisin or wine grapes, and
Beans only if dried.

Reclaimed wastewater applied by spray irrigation
will require secondary filuation and must be dis-
infected to a “iedian MPN of 2.2/10C ml when
used on the following crops:

Pasturc used bv dairy cows or goats,
Fruit tree orchards,

Truck gardzns,

Field «rops,

Table yrape vines, and

Green Leans,

Reclaimed wasteweater applied to Redwood or
Monterey pine foracts by spray applicaticn must
conform only to the minimum standards.

Environmen:al Cort.ols

shouid L¢ followed in the manage-

ment of any potential wastewater site:

1)

2)

3)

Abandoned wells should be sealed end cavped to
prevent uncontrolled intioduction of wastewater
into aquifers.,

Corridors should be provided to izolate wasta- |
water application areas from communitics, "igh-
ways, railreczds, natural watercourse:s ang
recreation arvan, Corridors should e at least
300 fect in widdl and no inore than 400 fecet when
prevailing winds may ccrry micts, dust or odors.,

Reclaimod we :towater should be sampled and
enaivzed daily for:

a) saottleable solids,
b) colifors bacicria (MPN),
c¢) chlorine residual,
d) zross
&) OF gavic

avy mctals,
cntaminantie,

~_0
G- ool




f) turbidity (where spray irrigation of non-
processed food crops and dairy animal
use of pastures occur), and

g) nitrates (where rapid infiltration is
used).

4) Groundwater and adjacent water courses should be
monitored to detect quality level changes.

S5) Insects arnd animal pests should be monitored to
minimize exposure to diseace vectors.

6) Vegetative covers should be sampled and analyzed
to determine toxic substance uptakes.

7) General surface and atmospheric conditions should
be monitored for odor and nuisance control.

8) Land awpplicatior sites chould be clearly marked
to notify the public that reclaimed wastcwater is
being used. Signing should Le graphic and con-
spicuously placed, and

9) Infiltration {iolds, reservoirs and both sides of
cpen canale should be fenced. Safety ropes and
life rings should be provided at roed crossinas of
open conveydnce canals,

Health Hazards and Controls

Pathogens. The most serious potential public health hazard
resulting from wastewater applicadon is the presence of pathogznic
micro-organismes ., Potential contamination is related to the following
conditions:

1) Leaching and percolation of untrcated wastewaters
into groundwater and surfece waters,

2)  Air-bor: transport by winds,
3) Direct Y .51 contact, and

4) Contact '"rough harvested crops.

3-21
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Potential contamination can be controlled by:

1) Proper management of secondary treatment proces-
ses to maximize disinfection,

2) Additional disinfection of secondary treatment
plant effluents,

3) The selective utilization of soils and subsoils
with {ine filtering (and pathogen removal) capa-
bilities,

4) The isolation of wastewater application areas
from public accessibility,

5) The carefully managed use of hedgerows and
densely covered buffer zones to provide filtering
root systems and habitats for vector-preying
animals, and

6) Carefully maniged apulication systems to include
the timing of applications to minimize contact
opportunities and the contiol of loading and rest-
ing cycles to provide maximum soil treatment
efficiencies,

Toxic Substances. The uptake of heavy metals and other
potentially toxic substances by harvested and consumed crops and
the concentration of these substances in the Jeachate constitute a
possible public health hazard., Occurrences of nearly toxic concen-
trations of heavy metals in edible crops have been reported but are
few. Monitoring of potentially dangerous substances in crops and
recovered waters is, however, recommended. Efforts to prevent this
potential hazard should include:

1)  Stringent contiol of industrial dischargesg,

2) Propcer manaccment of secondary treatment
processcs to maximize TDS and nitrogen
removals,

3) Incorporation of varied selective processes such
as multi-cell ccration, high-lime treatment,
ammonia stripaing, selective ion exchanao,




aerobic-anaerobic lagooning, algae lagooning and
reverse osmocis for the removal of specific poten-
tially toxic substances,

4) Utilization of soils and subsoils with fine filtering
capabilities, and

S) Careful wastewater management to provide harvesting
of vegetation at appropriate times and to maximize
soil-treatment removals while minimizing uptake of
toxic substances.

4

Vectors. Disease-carrying animals and insects (vectors) may
be encouraged by ponding of wastewater and certain application methods
and represent a potential public health hazard. 7The primary vector is
the mosquito and the most dangerous associated disease is valley fever,
a form of encephalitis or sleeping sickness. A second important vector-
borne disease is leptospirosis, a bacterial infection which is transmitted
to waters by vectors attracted to drasses and other low vegetation., A
more remote vector-borne disease is virulent schistosomiasis, carried by
particular species of water snails occurring in ponds and associated with
improperly sloping or uncleaned ditches.

These potential health harards can be prevented by:

1)  Attaining adeguate pathogen removal as previously
outlined,

2) Minimizing long-term ponding,

3) Cleaning and good management of open waterways,

4) Cautious introduction of vector-preying animal life
such as mosquito-eating fish (Gambusia affinic),

and

5) Careful use of selected insecticides and pesticides.

4 - Site Discussions

The completed site surveys present overviews of the ecoloaical
systems in the selcocted sites. Sufficient date are available to describ:: the
general environtiental effects of wastewats: application and to determin:
relative scopee of potential environmental problems created for the sites.




An environmental assessment of the selected sites is given in
Volume V.

In most cases detailed information on the life cycle and spacies-
habitat interrelationships of dominant species in an area is necessary
to define environmental systems, the socio-economic structures of ori-
vate and public facilities (particulariy in the Russian River and coastal
areas) may require definition for a complete evaluation of recreational
resources.

Based on the information gathered, the nine selected wastewater
application sites have been rated in terms of desirability for prepased
use and in regard to the amount of work required to perioim an enviroa-
mental assessment according to current federal quidelines.

The rating is solely for fish, wildlife and their use and docs
not include judgemental values related to other potential beneficial
uses, judagement was influencea by the amount of technical information
available, the present quality of the wildland resource, what could be
achicved with management of the proposed project to enhance wildland
beunefits, ond the sensitivity of an area in relation to public reaction tc
implementation of a wastewater reuse project. The latter evaluation
1s for fish and wildlife and recreational uses only.

Table II-G-7 lists the sites in estimated order of priority for
the proposed use and identifies concerns and subject areas that need
concentrated study in estimated order of priority for receiving attention.
None of the sites was rated as undesirable at this time; however, further
study may show that at least some sub-areas are altogether undesirable
for use. Initially all wastewater application sites must be researched
in order to give assurance that endangcred and rare species are being
protected in accordance with federal and state policies.

Estimates of the work required to truly ascertain the aecceptahi-
lity of sites for vroposed uses car be based on evaluations of exicting
data in relation to the concerns identified in Table 1I-G-7. Ior exampie,
Sites 4 and 43 hove been intensively studied by the Department of Fish
and Game while Si7e 42 har 1eceived little ottention. Generally, this
difference reflects their nuportance for fish and wildlife uses. Site 42
has minor use for fizh and wildlife at present, but may potentially be
very useful if ‘vater ts brought into the area. Sites 4 and 43 need in-
denth study ia ¢ ccial situations as noted in Tcble I1-G-7. while Site

=24 *




42 may need a more general study, overall. Based on our judgement,
the proposed sites would require environmental assessment studies of

magnitudes corresponding to low, moderate and intensive levels of
effort as follows;

Low Moderate Intensive
12 4 18
27 5 21
42 43 28

The California Department of Fish and Game and other state
agencies are now compiling dats, describing environmental relationships
and drawing conclusions relative to water quality managemernt as part
of the state-wide basin planning effort. It ic assumed that a considerable
amount of useful information will be forthcoming from the state’s study.
Their reports are due for dictribution in july 1972, Reassessments of
the need for extensive data collection and interpretation programs for
each of the proposed wastewater application sites may be made after
these reports become available,




Table II-G-7

ADDITIONAL ENVIRONMENTAL STUDIES

Sites Topics for Investigation

S0 L2, 27, 42 1) Protection and/or enhancement of wildlife
habitat in woodland and chaparral areas.

2) Creation of water-oriented recreational
opportunities with public access.

v
3) Creation or enhancement of fish and wild-
life habitat on agricultural lands.

43 1) Protection or improvement of water quality
for designated beneficial uses in sloughs
and channels in or bordering application
sites.

2) Protection or enhancement of riparian, marsh
and channel island habitats.

3) Protection of wintering grounds used by
ducks, geese and cranes.

4 1)  Management of application system and
operation to gain optimum benefit for main-
tenance of estuarine marsh land for wildlife.

2) Protection or improvement of water quality
in slouchs and channels for designated
beneficial uses.

21 1) Changes in wildlife and aesthetic values
that result from project implementation and
the eflect of these changes on the surround-
ing communities.

2) Protection or improvement in stieam {low and
and vater quality fer salmeonid fishes in

streams tributary to the Russian River,

3) Protection of water qualitv in Russian River
for use of anadromous ficiha,

=26




Sites

18, 28

1)

2)

3)

Topics for Investigation

Because of existing heavy recreational use,
investigations would have to demonstrate
that a proposed project would pose no un-
acceptable adverse impacts to these uses.

Changes in wildlife and aesthetic values
that result from project implementation and
the effect of these changes on existing
recreational uses and the surrounding com-
munities.

Protection or improvement in stream flow
and water quality in coastal stream:s useful
to salmonid fishes.




Site 4

Site 4 is located in Suisun Marsh in southern Solano County. It
encompasses Hammond Island and part of Grizzly Island. It is bounded
by Grizzly Bay, Simmons and Wheeler Island, Honker Bay and Montezuma
Sloush. Intearity of the land is maintained by levees and tidal gates.

It 1s located on Grizzly Island Wildlife Area (State of California). The
wildlife area 1s operated as both a refuge, providing food and habitat

for m:ny species of animals, and as a public hunting (waterfowl) and
recrection area. The remainder of the marsh arca is in private ownership
for use as duck clubs or dual-purpose agriculture-duck clubs.

The Suisun Marsh (54,500 acres), which includes Site 4 (11,300
acres), constitutes about 10% of the remaining natural wetlands in Cali-
fornia and thus is an impertant wintering area in the Pacific Flyway.
Waterfowl populstions are estimated to include 500,000 to 750,000
ducks during the peak mid-winter period. The Suisun Marsh is a parti-
cularly critical habitat during diy years when some other marsh areas
are dry or of poor quality. The permanence and stability of Suisun Marsh
are derived from its particular locetion in the Delta. The Suisur Marshes
are designated as Class 1 prewiun scenic, fichery, wildlife and recrea-
tion waterways by the California Protected Waterways Plar.

Vegetation, One hundred and seventy-seven plant species were
identified for the Suisun Marsh (Ref. 56). Most of these species are
found in low numbers and confined to levees or high ground not normally
flooded. Fifteen species were identified as covering at least 1% of the
total marsh area. These species ere shown below:

Species Approximate Percentage

. ¥ Covored
Salt grass (Distichlis spicata) 26
Pickleweed (Salicornia virginicg) 19
Alkali balrush (Scirpus robustus) 6
Tule (£. acutus) [
Cattail (Tvpha angustifolia) 5
Brass buttons (Cotula coronopifolia) 4
Fat-hen (Atriplex patula) 4
Baltic rush (Juncus balticus) 4
Cultivated barley (Horaeuin vulgare) Z
Olney bulrush (Scirpus olnevyi) 2
Beard grass (Polypoyon monospeliensis) Z
Cultivated ocats (Avena sativa) 2
Italian ryeqrass (Io!ium muitiforuin) 1
Dock (Rumex sp.) 1
Wild radish (Raphanus sativue) 1




The species listed are of particular significance in relation to
the wintering duck population., Plants selected for food by ducks were
olkali bulrush, of prime importance; brass buttons, secondary in use
and selection; pickleweed, third in overall use; and fat-hen, wiregrass,
dock, wild radish, silver-sheated knotweed (Polygonum argyrocoleon),
willow weed (Polygonum lapathifolium), tules and cultivated barle’,
which were all selected and used by waterfowl,

The distribution and abundance of the various plant species are
dependent on several factors including length of time of soil submergence,
depth of submergence, amounts of soil moisture and salt, soil crganic
matter, and marsh salinity. Of these factors, the one which has the
areatest influence on the distrnibution of plants is the length of time of
soil submergence. A secondary factor to the selection of plant speccies
by their tolerance for submergence is the tolerance of concentration of
salts in the root zone. Tolerance to submergence separates the major
marsh plants into two groups: 1) plants which can tolerate longer sub-
mergence such as alkali bulrush, narrow leaf cattail, pickleweed and
brass buttons which are found in the lower areas, and 2) plants such as
Raltic rush, saltgrass and fat-hen which are not as submergence tolerant
and thus are found on higher marsh areas.

A sccondary factor in determining plant distribution is the soil
salt concentration, particularly the soil salt concentration reached
during the spring and early summer when the plants are actively growing
and setting seed. Tor alkali bulrush, the most important waterfowl food
crops (seeds are eaten), salt concentrations of less than 7,000 mg/1
allow the species to be outcompeted by other species, while concentra-
tions above 24,000 mg/] inhibit sced formation. For good sced production,
approximately 9,000 mq/1 of total dissolved solids is preferred. Accep-
table levels can be achieved if marsh soils remain submerged until mid-
June from flooding during the previous fall. Submergence of the soil
alco prevents the regrowth of pickleweed, a major space competitor,
until after alkali bulrush is established.

One plant species was identified as a rare or endangered species
in Site 4:

Species Local Habitat
(Cirsium hydrophilum) Brackish marshes about
var, (hydrophilum) Suisun Marsh

Fisherics. Striped bass and sturgeon ire found in the bays adja-
cent to Site 4, Ancler :aforma'ion for striped bhass indicated 1,000,000
analer-day use of the hays and ocean with @ yield of .9 fish/anglet-
day, Migrition routes of salnmon and steelnead are through

oy
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the bays and channels adjacent to the site. A warmwater fishery is
found in the Montezuma Slough and other areas of fresh water. A
partial list of warmwater fish may be found in Table Ii-G-3. Suisun
Bay has a saltwater fishery.

The California Protected Waterways Plan classifies Suisun Marsh

as Class I striped bass waters and Class I sturgeon waters. The plan
also recognizes Suisun Bay as a Class I striped bass fishery.

Wildlife. Suisun Marsh is @ valuable wetlands habitat. The
number of private duck clubs and the presence of a state waterfowl area
attest to the abundance of wintering waterfowl in this area. The adjacent
bay habitat is also important as & feeding area for diving ducks and as
a resting area for dabblers. Solanc County ranks in the top 10 counties
in California in hunter bag for ducks and geese.

The largest population of a single sport species in Suisun Marsh
is pintail (duck). American widgeon, mallard, shoveler, and green-
winged teal arc also abundant durinug the wintering neriod. The Californi
Protected Waterways Plan rates Suicun Marsh as a Class I inland marsh
and wetland.

a

The Suisun Marsh and adjocent hay areas are very important
shorebird, waterfowl and marsh mammal habitats. A complete list of

birds and mammals, except bats, is given in Table [I-G-8. TFurbearers
are also numerous in the marsh areas, particularly muskrat ard racoon,
Mucskrat are taken commercialiy. The California rare ana endangered

species list includes one species which is found with Site 4:

Species Status
(Reithrodontomys ravijventris) Endangered

Salt marsh harvest mouse

The salt inarsh harvest mouse i1c an inhabitant of brackish and
salt marshes. Much of its original habitat has been lost to bay filling
and diking projects. This mouse is unusual in that is can use salt
water as drinking water.

Solano County indicates that Suisun Marsh and Montezuma,
Suisun and Cordelia Sioughs should be considered i the Califorria Pro-
tected Waterways Plan,
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Table 11-G-8

SUISUN MARSH FAUNA 1/

BIRDS

Resident - 49 species

Pied-Lilled grebe (low summer populations) 2/
Great blue heron

Common egret

Snowy egret

Black-crowned nicht heron

American bittern

Mallard

Cinnamon teal (noticeable reduction in winter birds) 2/
Pintail

Gadwall

Shoveler

Ruddy duck 2/

Turkey vulture

Wihilie-tailed kite

Rod-~tai1l 13

Colden eagle (regularly transient - year round)
March hawk

Kestrel

Valley quail (introduced recently)

Virgina rail

Sora rail

Black rail

Common gallinule

Coot

Killleer

Avocet (much reduced in winter and irregular) 2/
Mourning dove

Barn owv.!

Great-horned owl

Burrowing owl

Short-eared owl 2/

Anna's hummingbird (possihly classed as migrant or vagrant) 2/
Belted hingfisher (winter vicitor, possibly migrant) 2/
Bld("ﬁ }!ill'(..‘.;;(.?

Hornesd lork

Raven




B

Bushtit

Long-billed marsh wren
Mockingbird '
Loggerhead shrike
Yellowthroat

Western meadowlark
Redwinged blackhbird
Brewer's blackbird
House finch

American goldfinch
Rufous-—-sided towhee
Savanrah sparrow

Song sparrow

Summer Visitor - 7 species

Black-necked stilt

Allen's hummingbird (possibly resident) 2/
Western kingbird

Barn swallow

Cliff swallow

Brown--headed cowbird

House wren (seen in late July at Joice)

Winter Visitor - 63 species

Common loon (very sporadic) 2/

Horned arebe (occasional only) 2/

Eared grebe

Western grebe (occasional only) g/

White pelican (possibly classed as a migrant)
Double-crested cormorant (occasionally seen in summer)
Whistling swan

Canada goose

White-fronted goose

Ross' goose

Lesser snow goose

Green-winged teal

Baldpate

Wood duck

Canvashack

Redhead

Rinu-necked duck

Greater scaup

Lesscr scaup




Common goldeneye

Bufflehead

Surf scoter

Hooded merganser 2/

Common merganser 2/

Red-breasted merganrser

Cooper's hawk

Sharp-shinned hawk (infrequent)

Rough-legged hawk

Ferruginous hawk (infrequent) 2/

Peregrine falcon (infrequent) 2/

Pigeon hawk (inirequent) 2/

Yellow rail 2/

Long-billed curlew

Greater yellowlegs

Long-billed dowitcher (possikle miaorant)

Common snipe (possible resident) 2/

Western sandpiper (possibly migrant)

Least sandpiper

Dunlin

Ring=billed gul!l

Mew gull

Herring gull

California gul!l

Claucous gull

Bonaparte's gull (strays noted in summer)

Yellow-shafted flicker

Red-shafted flicker

Say's phoebe

Tree swallow

Bewick's wren (status undefined, has only been observed
in winter)

Robin

Hermit thrush

Ruby-crowned kinglet

Water pipit

Cedar waxwing

Northern shrike

Audubon's warbler

Tricolored blackbird 2/

Oregon junco

White=crovned sparrow

Golden-crowned sparrow

Lincoln's snarrow

s
&

w2
2




Migrant - 33 species

Blue-winged teal
European widgeon
Swainson's hawk
Black-bellied plover
Semipalmated plover
Whimbrel

Marbled godwit
Lesser yellowlegs
Spotted sandpiper
Willet (seen in late July)
Pectoral sandpiper
Wilson's phalarope
Northern phalarope
Rufcus huminingbird
Traill's flycatcher
Western Flycatcher

Vagrants -~ 12 species

Red-shoulderea hawk
Caspian tern

Lonu- cared owl

Crow

Rock wren

Prairie falcon

(sporadic winter visitor)

MAMMALS 3/

Broad-handed mole
Suisun shrew
QOrnate shrew
Racoon

Lona-tailed weasel
Mink

River otter

Strined skunk
House cat

Beechey ground squirrel
Botta pocket gopher

NOTES:

Western wood pewce
Varied thrush
Swainson't thrush
Orange-crowned warbler
Nachville warbler
Yellow warbler

Myrtle warbler
Townsend's warbler
Hermit warbler
MacGillivray's warbler
Wilson's warbler
Yellow-head blackbird
Western tenager
Black-headed grosbeak

Blue grosbeax
Vesper sparrow
Fox sparrow

Summer tanager

Lesser goldfinch
Grasshopper sparrow
Purple martin

Sage thrasher
White-faced glossy ibis

Beaver

Red-bellied harvest mouse

California meadow mouse

Muskrat

Norway rat

House mouse

Black-tailed hare

Audubon cottontail

Gray fox (rare)

Badger

Black-toiled deer (tare-has
been seen twice on Island)

1/ Cowmpiled by Rolf . Mall, California Dept. of Fish & Came

2/ Status uncertairn

3/ This list does not include bats; there are 10 possible species.
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Recreation. There are extremely good striped bass, salmon and
steelhead fisheries surrounding the site. Some of the best duck hunting
1 the state occurs in the reqidn on and about the area. Grizzly Island
wildlife Area is one of the major public hunting areas in the state. The
outlying areas are in use by private hunting interests. The area is
excellent for wildlife observation due to the abundance of non-game as
well as game species. Both power cruising and sailing are important
recreation activities in the area. The actual recreation demand in 1569
was about 44,000 user-days.

Special Considerations. The outlook for the future of Suisun
Marsh will be greatly affected by salinity changes. Reduced outflow
to the estuary will increase the salinity of the water surrounding the
marsh. Predictions indicate that polyhaline waters of 18,000 mg/1
will move upstream as far as Honker Bay. This means thet for a long
period each year over 75% of the marsh will be influenced by salinity
levels similar to concentraticns occurring now only for a short period
of time on the western edge of the marsh,

Flooding of marsh lands with water of increased salinity will
raise the soil salinity level. A soil salinity greater than 20,000 mg/l
during the winter flooding period would mean that picrlewced would
flourish to the detriment of a2lkali bulrush and other species selected
by waterfowl for food. Mall (Ref. G0) states, "Unless alternative
water supplies can be developed and supplied to the marsh system and
intensive marsh management practices are undertaken, in the future only
the unimportant or noncselected foods will be available to waterfowl. "
It is predictable that the waterfowl populations wintering at the marsh
would decline in number with the decline of good feed sources. As tie
availability of wetlands in California is expected to decrcase, the loss
of any marsh land habitat would be serious.

This arca provides an opportunity for the beneficial use of
trcated wastewater. The diluction of the encroaching salinity would
maintain or perhaps enhance critical marsh vegetation such as alkali
bulrush. A specific water us2 schedule would be required for managed
marsh lands. Coordination of a constant treated wastewater application
with an intermittent {looding during the fall of the year should be con-
sidered. The levcl of treatment of the wastewater would also be a
necessary consideration,

California I'ish and Game biologists, as well as many other
agencies and groups, activelv nromote the creation, maintenance and
enhancement of wetlanas habitat for fish and wildlife. Present hay
m.ash lands offer en excellent oppoitunit, for the bencficial use of




treated wastewater. The expected effects of such water on marsh ecology
and on recreational use should be investigated and carefully evaluated in
reference to a system of application. In addition, the effects of waste-

water application on water quality in the area from Antioch to San Pablo
Bay would need investigation.
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Site 5

This site consists of two distinct parts., The Capay Valley

with Cache Creek flowing through it forms the western portion of the
ares. This area is in the inner coast range mountains. The second
portion of Area § is in the Sacramento Valley and is bounded by the

s Capoy Valley, Colusa Basin Drainage Canal, Cross Canal, Natomas
Bast Main Drain, and, with the exception of the Woodland area which
is excluded, California Highway 16. Elevations range from 30 feet in
the American basin east of the Sacramento River and Yolo Bypass to
3,057 feet at Berryessa Peak and Rlue Ridge.

Vegetation. The lower elevations of Capay Valley are agricul-
tural areas, predominantly orchards. The slopes of the valley are map-
ped as hardwood cover type and arc specifically oak grasslands. Blue
Ridge is @ woodland-chaparral habitat (oaks and chaparral brucsh). The
Purrigan hills and Sacramento Valley lands which comprise the rest
of Site 5 are under cultivation or are in pasture. Predominant crops
inc!uie rice, tomatoes, alfalfa, sugar beets, and tree fruits and nuts.
Rare, endancered and possible extinct plants whose distributions
include Site 5 are;

Species local Habitat  Plant Community

(Fritillaria pluriflora) Adobe soil of Foothill woodland

Adobe lily interior foothills

below 1,500 feet
(Hesperolinon breweri) Inner coast range Foothill woodland
grassy or brush
slopes, partly Chaparral
shaded at least
partly on serpentine

(Cordylanthus palmatus) Alkaline overflow Valley gracslands

iands

Ficheries. The Sacramento River and Cache Creek are the two
major strea.ns 1acluded in this site. “he main stem of the Sacramento
River is the micration route for king salmon and steelhead. It is ecti-
mated that 200,000 king salivon epawners fravel the Sacramento River
with a yield of .10 f]:t}‘./angier-(.l'v_,'. Ten thousand steelhead spawn in

< taain ctem of (e Sacramer:o River with ¢ yield to fishermen of . 31
danengler-day. Stniped base and a warninwatoer fishery ¢re olso found
I
]
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in the main stem of the river. The California Protected Waterways Plan
classifies the Sacramento River as a Class I salmon, steelhead, striped
bass, American shad and warmwater fisheries waters. Large and small-
mouth bass are found in Cache Creek in the Capay Valley, which is
classified as having a Class 11 warmwater fichery.

Wildlife. The inner coast range in Site S is a "medium grade"
deer range with densities of 10-30/square mile. The Capay Valley is
a problem area for deer depredation on crops and orchard lands. The
rice lands are prime pheasant areas and densities range from 10-50/100
acres. The Capay Valley supports abundant populations of quail, dove
and rabbits. During the winter ducks and geese feed on the Sacramento
Valley farmlands. The Yolo Bypass is a concentration point for wintering
waterfowl, especially after flooding occurs. The flooded Yolo Bypass
and other flooded areas provide habitats for shorebirds. Tule elk range
in the area adjacent to the northwest boundary of Site § in the Fiske Creek
area. The oak-grasslands of Capay Valley are areas of abundant sonag-
birds.

The California Protected Waterways Plan designated the Sacra-
mento River Besin as a Class I riparian area in its extraordinary wild-
life waterways evaluation. The Yolo Bypass was classified as a Class
II marsh, No rare or endangered animal species are identified by the
State of California as inhabiting Site 5.

Recreation.Tishing species include salmon, shad, striped bass
and steelhead, and an extremely good warmwater fishery (bass, catfish,
crappie, etc.) is located in the site. Game includes ducks, geese,
pheasants, deer, quail, rabbits and doves. Additional activities in-
clude camping, hiking, horseback riding, picnicking, swimming and
sightsceing. The Yolo Bypass offers an extremely good cpportunity to
provide a wildlifec observation as well as hunting area due to the pre-
ponderance of shore and marsh land wildfowl and other wildlife. Actual
recreational use is undeterniined although it is heavy along the water-
ways and in Yolo Bypass.

Special Considerations. The west side of the Sacramento Valley
in the vicinity of Capay Valley is dry and much land is irrigated to pro-
duce substantial crop yields. Additional water to these areas could be
beneficial to aaniculture and wild land features. Selective use of waste-
water could be made to flood agricultural lands in the fall to attract
ducks ond geese. Tiske Creek is an intermittent stream just west of
Site 5. Both the Sureau of l.and Management and the Department of
1sh and Game arc cooper«iing to improve wildlife habitat in the Fiske
Creek area. Additional waters to the area would be beneficial, The 4

;38




e ———————

‘orth and frequency of wastewater application should be investigated
nd evaluasted for impacts on fish and wildlife.

Cache Creek (Clear Lake to the town of Capay) has been clas-
sified by the California Protected Waterways Plan as a Class 1I scenic,
lishery, wildlife and recreational waterway. This creek should be

L investigated more fully to define its true value and its potential for
8 enhancement of this value.
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tte 12

Site 12 is located in southwestern Merced County and north-
western Fresno County. The Merced County portion is bounded by the
Delta-Mendaota Canal, Los Banos Creek Reservoir, Ortigalita Peak,
and Ortigalita Ridge. The Fresno portion is bounded by the Delta-
Mendota Canal, Panoche Creek and approximately the 500-foot
elevation contour. Elevations range from 150 feet near the San Joaguin
River near Mendota to 3,305 feet at Ortigalita Peak. The Merced
County portion of the area is in the dry grassland hills of the Ortigalita
area. The eastern edge of the Merced County portion and all of the
Fresno County portion of the area are in the agriculture flatlands of
the San Joaquin Valley. Qrchards of fruit and nut trees, pasture land,
i and field crops of coiton, tomatoes, sugar beets, melon, etc., are
found in this area.

Vegetation. Most of the land in the fresno portion of Site 12
is classified as agricultural. There are, however, grassland areas
used for pasture and alkali areas not presently suitable for agriculture
which support native vegetation. ‘the veaetation of the Merced portion
of the wastewater management area in for the most pert grasses and
forbs on dry, rockv hills. At higher elevations the cover type is
described as southern desert shrub and pinyon-iuniper which is
indicative of the dryness of the local area. Rare, endangered and
possibly extinct plants of this area are listed in Table II-G-9.

E . Fisheries. The Los Banos Creek Reservoir, the Delta-Mendota
Canal and the California Aqueduct all have warmwater fisheries. The
California Protected Waterways Plan classifies the Califernia Aqueduct

' and Delta-Mendota Canal as Class 11 warmwater streams and Los
Banos Crcek Reservoir as a Class 11 warmwater reseirvoir. These
waterways are intensively used by Jocal and other county residents
for fishing sites.

2

Wildiife. Deer occur in the hills on the west side of the San
Joaguin Valley in densities of approximately 20/square miles in the
woodland-chaparral and saltbrusl.~tuckwheat habitat types. The
vestside hills are exceilent upland gume habitats end support popula-
tions of doves, jackirabbits, cottontails, brush rabbits , bigeons,

churar and Califorma valley quail. Cuail are found in densities of
10-100/100 acres in lower elevation wild lands and densities of
10/100 acres in crop lands. The saltbrugh-buckwheat habitat type

supporis densides up to 100/190 acres. Phcagants are confined to

agricultural areas with the best habita! found in rice, cotion and suqar
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Table II-G-9

RARE, ENDANGERED AND POSSIBLY EXTINCT PLANTS

Species
Merced County

Parvisedum petandrum

Neostapfia colusana

Orcuttia californica

O. californica var.
inacqualis

O. greenei

O. pilosa

Momnardella leucocophala

Cordylanthus palmatus

C. hispidus
Tresno County

Amsinckia vernicosa var.
furcata

Atriplex vallicola

Lupinus horizontalis
var. horizontalis

Erigonum deserticola

E. temblorense

Orcuttia greernei

O. californica

O. californica var.
inacqualis

Cordylanthus palmatus

OF SITE 12

Local Habitat

Rocky places, often
on serpentine

800-2500 feet

Inner coast range

About vernal rain
pools

Drying mudflats

Moist open places
Vernal pools
Sandy places
Alkaline soil
Alkaline places

West side San
Joaquin Valley
Dried rainpools and
flats

Dry slopes below
2000 feet

Inner southern coast
range

No local data

No data

Moist open places

Drying mudflats

Alkaline soil

G-41

PSSR SN S—

Plant Community

Openings in foothill
woodland
Valley grassland

Valley grassland
Valley grassland

Valley grassland
Valley grassland
Valley grassland
Valley grassland
Valley grassland

Valley grassland

Valley grassland

Valley grassland
Valley grassland
Valley grassland

Valley grassland




be et crops. Densities are usually near 50/100 acres but can be as
high as 1007100 acres. Ducks and geese from adjacent marsh lands
(ecst of the site) feed in agricultural lands within the area.

Marsh areas east of the site draw many shorebirds. Muskrats
are common in unlined agricultural canals. Furbearers are common in
the upland game habitats. Animals designated as rare or endangered
by the State of California whose distributions included Site 12 are:

Species Status

(Thamnophis couchi gigas) Rare
giant garter snake

(Crotaphytus wislizenii silus) Endangered
blunt-nosed leopard lizard

(Vulpes macrotis mutica) Rare
San Joaquin kit fox

The giant garter snake is confined to areas around permanent

fresh water. Its hahitat has been diminished by filling of sloughs
and draining of marsh arecas. The blunt-nosed leopard lizard inhabits
dry, "...sparsely vegcetative plains, alkali flats, low foothills,
grasslands, canyon {loors, large washes and arroyos" (Crossroads,
1971). With changing land use to agriculture, the natural habitat has
been greatly diminished for this specics. The San Joaquin kit fox is
found 1n dry a s of native vegetation associated with kangaroo rat
Diminmished numbers of this specics are related to the import ol wetei

for irrigation and the conversion of native vegetation to agriculture.

fishery in the

species including

Recreation. There is a fairly large warmwate

arca. The best hunting potential invelves the uplan

r
1
A

quail , rabbits, doves, pheasants and chukar. Dt cks also feed in the

eastern portion of t
Olher activities in the site ir.clude camping, picnicking,
boating, swimming and hiking, The area is generally deficient in

wdter-oticented recreation.

Special Considerations. The agricultural aress coula accom-

modate additional water, particularly in the drier wesrern atc-as. The
Ortigalita orea could possibly support a different vegetative cover

with the addition of wate:. However, ada nial water could aficet

the presortly abundant upland game cond This effect would

have tn evaluated i depth in relation (¢ & proposea nanagement plan,
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Site 18

‘ Site 18 is located in Marir and Sonoma Counties. The western
boundary of the area is the Pacific Ocean, except in the Tomales-Point
Reyes and Bodega land areas. The Russian River forms the northern
boundary and Nicasio and Gallinas Valley the approximate southern
boundary. The eastetn boundary is defined by Green Valley Creek in
the north and watershed boundaries in the middle and southern reaches
(west of Petaluma and Novato). Elevations vary from sea level to
1,887 feet at Big Rock Ridge. Topography and habitats in this
extensive area range from sand dunes to salt marshes and from red-
wood forests to salmon streams. The ccastal and forested areas
provide convenient recreation areas to the Bay Area communities. The
Russian River has for many vears been a widely used recreation area.
Agriculture is @ major pursuit in the area. Orchard crops, particularly
apples, and dairies with their pasture lands are extensive in Site 18.
The California Protected Waterways Plan designates the Russian River
as a Class I premium scenic, fishery, wildlife and recreation waterway.
It has also classified Tomales Bay as a Class II scenic, fishery,
wildlife and recreation waterway .

Vegetation. The vegetative cover in Site 18 is highly diversi-
fied. The most extensive single cover type is grass and forbs which
is found on the interior roliing hills and the coastal prairie. Orchard
crops and hardwoods cover extensive areas, particularly in the
vicinity of Sebastopol. Grasslands blend into hardwood, particularly
oaks, and at higher elevations into chaparral. In the northern and
southernmost portions of Site 18, higher elevations and some lower
canyon areas are covered with coniferous forests which include red-
woods. The list of rare, endangered or possibly extinct piants for
this area contains 44 species (Table 1I-G-10). The large number of
such species may be the result of the inteuse recreational uses that
s some parts of this area receive, land use changes associated with
utbanization, overgrazing and many additional stresses placed on
plant communities by man and his activities.

Fisheries. The streams in this area contain both anadromous
and warmwater fisherics. The most important stieam is the Russian
River. King salmon (500 fish), silver salmon (5,000 fish) and sieel-
head (50,000 fish) are estimated to use the river and its tributaries.
Ten thousand angler-days/year with a yield of .2 fish/angler-day fo
salmon and 60,000 analer-days/ycar with a yield of .2 fish/angler-
day for steclhicad indicate the recreational use of this fishery. The
Rucsian Riv~c and its tributaries olso support a warmwater fishery




Table 11-G-10

RARE, FNDANGERED AND POSSIBLY EXTINCT PLANTS
OF SITF. 18

vpecies Local Habitat Plant Community
Soloma
g Campanula californica Near coast rreshwater marsh
Carex albida Open marshy places Mixed evergreen
below 300 feet forest
Rhvnchospora californica Bogs, Ledum swamp
Arctostaphylos bakeri Dry serpentine ridges
Stanford manzanita near Camp Meeker
and Occidental
A. densiflora Banks, along roadside
Sonoma manzanita 10 miles west of
Santa Rosa
Agrostis blasdalei Near coast strand (dunes)
Bont gra COQc 1
(c1iffe)
Calamagrostis bolarnderi iter maoi
Mead WS in ¢closed-
cone pine forest
Northern coastal
scrub
C. crassiglumis Swampy places Freshwater marsi
. Northern coastal
scrub
Lupinus abramsii Open woods Mixed evergreen

forest
2000-5000 feet Yellow pine forest

Trifolium amoenum Rare, in low rich
fields, swales
Iritillaria liliacea Heavy soil, open Northern coastal
hills and fields scrub
Near coast Redwood forest
Lilium maritimum Sometimes in gandy Northern coastal
Coast lily soil, usually on scruby
raised hummocks Northern coniferous
in bogs. Also in forest

brush and wouris,
at low elevations

Linnanthes vinculans No data

Eriogonum canium Dry rocky slopes Costal prairie
on shale or

.rf‘rju“"lr‘('
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Species
Delphinium bakeri

D. luteum

Ceanothus gloriosus

Castilleja laiifolia
Marin County
Plagiobothrys glaber

Campanula californica

Chaetopappa bellidiflora

Streptanthus batrachopus

Rhychospora californica
A. montana

A. virgata
Bolinas manzanita

Agrostis aristiglumis

Agrostis blasdalel

Calamagrostis crassialumis

Reed grass

Pleuropogon hooverianus

Local Heabitat

Low brush and fence
rows, below 600 ft.

Coleman Valley

Open places on sea
bluff

Bodega region

Sandy places

Sandy places

Salt and alkaline
flats

Freshwater swamp

Point Reyes National
Seashore

Open dry rock sloves

Serpentine outcrops,
below 2000 feet

Carson Ridge

Bogs, Ledum swamp

Serpentine flats and
slopes

Brushy slopes at edyge
of closed-cone
pine forest

Diatomaceous shale

West of Mt. Vision

Pt. Reyes National
Seachore

Dunes

Cliifs

Swampy places

Meadow:

G-45

Plant Community

Valley grassland

-Northern coastal

scrub

Coasta!l strand

Closed-cone pine
forest

Northern coastal
scrub

Coastal strand

Closed-cone pine
forest

Coastal salt marsh

Northern coastal
scrub

Coastal prairie

Chapairal

Chaparral

Redwood forest

Coastal strand

Northern coastal
scrub

Freshwater marsh

Northern coastal
scrub

Mixed evergreen
forest
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Trifolium amoenum

Fritillaria liliacea
Lilium kellogaii

Lilium maritimum
Coast lily

Sidalcea hickmanii
Ssp. viridis

Chorizanthe valida

Eriogonum caninum

Local Habitat

Rare - in low ricl:,
fiCl'iS, Sweales

Heavy soil, open hills
and fields near
coast

Dry rocky vlaces o
shaderd deeper soil

Below 2500 feet

Scmetimes in sandy
soil, usually on
raised hummocks in
bogs. Also in Frush
and woods, at low
elevation

3ig Carson Ridge

Sandy places

Dry rocky slopes o
shale or cerpontine
1000-2000 feef

Plant Commugity

Northein coastal
scrigl

Redwood forest

Redwocd forect

Mixed cverareen
forest

Northern coastal
scrub

Northern coniferous
forest

Chaparral
Northern coastal

scriib
Coastal prairie




in the area downstream from Healdsburg. Nongame or "rough" fish are
found in numbers detrimental to the anadromous and warmwater game
fish in the low summer waters of the Russian River and i's tributaries.
The Russian River was classified by the California Protected Water-
ways Plan as a Class I salmon, stcelhead and warmwater waterway.
In the evaluation of present fisheries, the Russian River was classi-
fied as Class I for steclhead and Class I1 for salmon and American
shad (from mouth to Healdsburg Dam).

The minor streams of Sonoma County are reported as having
34 miles of silver salmon stream, 1,000 spawners, and a .3 fish/
angler-day yicld, and 48 miles of steclhead streams, 4,000 spawners,
and a .3 fish/angler-day yvield. These data are for the coastal streams
for the entire county as are the following data for all of Marin County.
The minor sicecins of Marin County have 92 miles of silver salmon
habitat, 5,00C sgawrers, 1,600 angler days, and a vield of .3 fish/
angler-day, and 108 miles of steethead habitat, 8,000 spawners,
3,700 angler-davs and a viel:l of .3 fish/angler-day. Peppermill
Creek, Stemp:l> Creek and Walker Creek have anadromous runs.
Nicasio Creek ¢lso has o ror, as well as {ecilitize to compensate for
a dam on the stream. In the Califorma Protected Waterways Plan,
Oleoma, Saliion and Pine Culch are classified as Class I11 steelhead
rivers in the fishery waterwayvs avaluation. Ccrtainly there are many

streams thot were not evaluated for fishery potential.

Wildlife. BRlacktail deer are common over the entire Marin
Coun'y arca in densivies of 60-100/zauare mile in hardweod and

gras<land pabitat tvpes, and 30-00/sgare mile in other habitat types.
Deer are found on the edges of urban developments. In Sonoma
County the deer densities are ales 30-60/square mile for most wild

land types, but are ouly 10-30/square mile in grasslands and some
¥y Y / s4

agricultura! areas. Feral pigs are common in the coastal forest
habitats in Sonovma County.

The distribution of California valley quail encompasses all of
Marin County in densitics of 10-100/100 acres in grassland, woodland-
grase and hordwood habitat types. Some favorable chaparral locations
support population densities of 1006/100 ecres. Populations of
California valley and mountain quail occur in Sonema County.
Coastal forests are breeding and wintering areas for band-tailed
pigecons in both counties. Deves are comuron in woodland -grass and
other habita!l types 1n Mearin County and grey squirrels are common in
densities of less than 10,704 acres.  sonoma County coastal forests

contain a few Llue grous:
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Tidal flats, salt marsh areas and other wetlands support
wintering populations of dabbling and diving ducks (Sonoma County
densities of 1,000/100 acres). Tidal flats and bays such as Bodega
Bay are wintering areas for black brant, Canvasback and scaup are
extremely dependent on the tidal flats for feeding areas. Wood duck
nest along stream and farm ponds in densities of 10/100 acres in
some localities.

Shorebirds are abundant on marsh lands and tidal flats. Shore,
water and sea birds can be observed on coastline and tidelands. The
grassland and agriculture habitat types support white-tailed kites
(Sonoma County, 1/100 acres). Ospreys and eagles are found in
Matin County. Common furbearers are found in both counties.

The California Protected Waterways Plan classifies Bodega
and Tomales Bays as Class I estuaries and D-Ranch Pond as a Class
1iI freshwater pond. Estero Americano and Estero de San Antonio are
Class I lagoons. The lagoon of the Russian River is designated as
Class 1I and the lagoon of Salmon Creek as Class I1I. The Russian
River is classified as a Class I riparian area and Atascaderc Creek
and Olema Creek as Class III marshes.

The California clapper rail (Rallue longirostiris o
designated as endangered, and the California black rail (f.atcrallus
Jamaicensis coturniculus) designated as rare by the State of California,
are kriown to inhabit salt marshes. Both species, historically or
recently, have used the salt marshes of Tomales Bay. Although the
bay is cutside the boundaries of Site 18, changes in the lands and
waters east of the bay could affect the marsh habitat of these species.
No animals identified as rare or endangered by the State of California
have distributions which include Site 18.

Recreation. Site 18 and the surrounding areas receive heavy
recreational use. Areas such as Mt. Tamalpais, Pt. Reyes, the
coastal parks and the Russian River account for many thousands of
users each year. Fishing inciudes salmon, steelhead, shad and
warmwater fish, Hunting includes deer and upland game such as
quaijl, dove and tree squirrel. Black brant arc hunted in coastal areas
(hays, estvaries). Other activities include camping, picnicking,
swimming, boating, hiking, horseback riding and sightseeing. Site
18 provides many locales {or observing wildlife, particuarly osprey,
white-tailed kite, and shore, sea and land birds.

Special Corsiderations. The minor streams which flow to the
ocean are in need of improved summer-iall stream flows. 1n sddition
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to insufficient flow, problems of the steams involve siltation, erosion
and diversion of waters. Improvea fisheries could be attained with
additional water of acceptable qualiity. In some arcas which are now
pasture lands, truck crops could be grown by importing water. On

lands which are being converted from nonirrigated orchards to vineyards,
additional water is required, particularly for frost protection.

Willow Creek and Salmon Creek were both identified by Sonoma
County as critical wildlife arecs. Estero Americano was identified as
an important bird wintering area. Tae ccastal bays and estuarics
within Site 18 are all important wildlife area. These areas, especially
the beds of kelp, have delicately balanced eco-systems which are
highly susceptible to man's influence. The addition of water (even of
the best quality) could be detniment.l to a waterway if the outlet was
a coastal bay or estuary. Chéeénges in salt concentration or composi-
tion in nearsnhore waters could atiect the plant and animal communities.
Intensive studies would need to be carried out to evaluate the effects
of any water additions to streams or estuaries.

The coastline is included in the proiect area boundary. Any
proposed use of coastline propetrty should be thoroughly investigatea
to insure that adverse imnpacts ar¢ avoided and that public policy is

e P
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Site 21

Site 21 is located in Sonoma County and encompasses Knights
and Alexander Valleys and their surrounding watersheds as well as
the Russian River area south of Healdsburg. Both Knights and
Alexander Valleys are agricultural, including orchards and vineyards
with grass meadows and hardwood and coniferous forests at higher
elevations. Elevations vary from approximately 200 {eet on the valley
floors to 4,344 feet at Mt. St. Helena.

Vegetatijon. Agricultural vegetation and hardwoods domirate
this area. Hardwoods cover tane higher elevations, separated in some
cases from agricultural cover by grasses and forbs. Drier slopes are
covered with chaparral cover. The hardwood cover type represents
various species of oaks in several different plaut communities and
habitat types. Areas of hardwoods mixed with coniferous forests are
found at higher elevations. In 1964, the "Calistoga fire" burned
hardwood and coniferous forest areas., Regrowth areas have a brush
or chaparral appearance, although part of this growth is seed!ing trees.
Ratre, endangcred or pessitily extinct nlants whose distributions are

included in Area 21 are listed in Table IT-G-11.

Tisheries. The Russian River is the major year-round stream
and the entire site is contained within ils watershed. It is classified
as a Class [ premium sccenic, fishery, wildlife and recreational water-
way by the California Protected Waterways Plan. King salmon spawn
in the larger tributaries and silver salmon in the lower parts of the
drainage. Stecelhead are found in most tributaries of the river. Tish
numbers and fishing statistics are known for the entire length of the
Russian River. Salmon provide 10,000 angler-days/year with a yield
of .2 fish/angler-day. Steelhead provide 60,000 angler-days/year
with a yield of .2 fish/angler-day. During the summer  wibutaries
become warm and fishing is limited to warmwater and nongame species.
Tributaries to the Russian River are important spawning and nursery
strecams and are constantly threatened by a degradation in water
quality,

In the California Protected Waterways Plan, the Russian River
is designated ac a Class 1 salmon and steelhead stream as well as a
Class I warmw ster strean. The Russian River 1s classificd as @ Class
JI salmon river, 1 Class T steclhead river, end Class II shod waters
(mouth toe Pealdsburg Dain).

G- 5%
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Table 1I-G-11

RARE, ENDANGERED AND POSSIBLY EXTINCT PLANTS

Species
Plagiobothrys strictus
Strepthanthus brachiatus
S. morrisonii ssp. hirti-
florus :
S. morrisonii ssp. morris-
onil
Panicum thermale
Panic grass
Lupinus abramsii

Erythronium helenae

Linnanthes vinculans
Navarretia plieantha

Eriogonum kelloggii
Potentilla hickmanii

Lomatium repostum

el

GOF SITE 21

Local Habitat Plant Community

Sulfur springs near
Calistoga

No data

No data

No data

Wet saline places
ebout hot springs
Open woods Mixed evergreen
20C-5000 feet forest
Yellow pine forest
Well-watered volcanic Chaparral
soil and leaf mold, Foothill woodland
in brush and woods
St. Helena
No data
Peaty margins of Bogg's Yellow pine forest
Lake
Dry riages
4000 feet
Rare-iii marshy places TI'oothill woodland
at scottered stations

Yellow pine forest

Inner coast ranges Chaparral
Mt. St. Helena Closed-cone pine
forest

Foothill woodland




Wildlife. Black-tailed deer are found in densities of 30-60/
square mile in most forested wild land habitat types and densities of
10-30/square mile in grasslands and parts of the agricultural habitat
type. Populations of California and mountain quail are found in
Sonoma County. Wintering populations of band-tailed pigeons are
found locally in densities of 10-100/100 acres. In 1965, 250 wild
turkeys inhabited the woodland-grass habitat type in the vicinity of
Cloverdale. Wood ducks breed in densities of 10/100 acres along
streams and farm pond areas. Mountain lions are found in the county.

Medium densities of common furbezrers are found in the area.
White-tailed kites occur in the grassland and agricultural habitai
types in densities of 1/100 acres. No rare or cndangercd species
identified by the State of California are found in Site 21. Prairic
falcons, mountain king snakes anc ring-tailed cats are considered to
be critical wildlife species that were not designated as rare or
endangered, but which are seen in diminishing numbers in the Mt. Si.
Helena arca. The Russian River is classified as a Class I inland
marsh and wetland in the California Protected Waterways Plan.

Recreation. Much of Site 21 is in private ownershij
available to the public. The actual recreational use is ur
the upland areas. Fishing includes salmmon, steelhcad
water fishery. Hunting in the area includes maialy dee:
Other activities include camping, picnicking, sightseering, hiking and
horseback riding.

1

The Russian River provides recreation in the form of kayaking
and canoeing as well as fishing and swimming.

Special Considerations. Application of wastewater in the area
must be carefully managed to protect waler quality in streams and to
enhance uplaend habitat vatterns and existing scenic and acsthetic
values. Any degradation of water quality in streams, especially
through warmiac of the water, may seriously affcct salmonid fishes
and ultimately the recreaticnal value of the Russian River. Changes
in upland habitat character will result in displacement of existing bird
and mamme! populations. Certain portions of the arca are noted for
the natural beauty of the existing vegetation, and any change in
natural vegetation would affect their recreational use and tae
aesthetics of the artea. In consideration of fite, wastewater applica-
tions present opportunitics for protection of the natural area through
fire retardation and prevention. 1a areas where prune and othot
orchards arc bejn: replaced by vineyards, additional irrigation watei
will be necderl, Suppicmental waler is needcd during the spring for
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frost protection (aerial spraying). The soils, topography and other

conditions are suach that the impo:rtetion of water could open new areas

to agriculture.
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Site 27

Site 27 is located almost entirely in Monterey County with a
small portion in San Benito County. The western and central parts of
the area are within the Salinas River Vallev with the eastern portion in
the Gabilan Range. Flevations vary from 100 feet to 3,454 feet on
Mt. Johnson.

Vegetation. Varying elevations and topography provide for

different habitat types. Four different cover types are usually found:
agriculture at the lower elevations (Salinas Valley), grasses and forbs,
chaparral and hardwoods at the higher elevations. Rare, endangcered

or possibly extinct plants of Site 27 are listed in Table I1-G-12.

Fisheries. The Salinas River is a minor steelhead stream.
It is estimated that 500 spawners use it annually and that €00 angler-
days are spent at the river with a yield of .06 fish/angler-day. lLow
water and shifting sand in the stream bettom make it a poor habital.
The Salinas River also contains @ warmwater fisher Y

Wildlife. Black-tail deer are found throughcut thie area exce;
for the agricultural area of the 3alinas Valley. The highest densitics
of deer, 30-6¢0/squere mile, are found in the woodlard-o

P

rass habitat

type with other habitats having densities of 10-30,
pigs are found within the area and are considered a game animal as
well as a source of depredation to agriculture in the Salinas Valley.

sguare mile. wild

California valley guail are found in dencities of 50-100/100
acres in woodland-grass, riparian and some agriculiural habitats.
Densities of 10-50/100 acres are found in chaparral end other hehitats .
Cottontail and brush rabbits are found in densities of 10-100/100

cres in the same area as the quail. Doves ave also found withina the
area in breeding and hunting densities of 10-100/100 acres. DPhcasants
are found in densities of less than 10/100 acres in agricultural and
riparian habitats. Band-tailed pigeons are found within the site.

Waterfowl are found in densities of 10/100 acres in the lower
Salinas River and on farm ponds. The site is not a concentration area
for waterfowsl and grese are not seen.

Mountain lions occur widely in deer habitats. Raptors are
common and golden eaglaes, osrrey and white-tailed kites occur in
this area.




Table 1I-G-12

RARE, ENDA

Local Habita! Plant Community

Species e H tat
ocpecies Local hablial
" Amsinckia grandiflora Inner ceoast range and Valley grassland
y :‘,‘.( -
Campanula californica Freshwater swamp
by 1

ck slopes Northern coastal
scrub
Coastal prairie

Chaetopappa bellidiflora

laces, often Openings in foothill

Parvisedum pentandrum Rocky pla ;
on serpentine woodland
800-2500 feet Chaparral
Inner coast 1 e
Tropidocarpum capparideum Al o Valley grassland
elow fe
Arclostaphylos hooveri No d
A. montereyensis No dat
A, pumila Sa 111 nd wo e pine
Dune manzani!
yactal
. Monardella benitensis No
Trifolium trichocalyx 5 ] lo¢ -cone pine
rest
Fritillaria liliaceca Heavy soil, ope 11 Northern coastal
and fields 1 scrul
C { K od fore
F. viridea Mostly 1n bn i Jorthern coastal

Checker lily am

P , elov

feot forest
Chaparral
Foothill woodland

Yellow pine forest

"t

l\,«‘lﬂ("f)"fh-!':Z\-,l. 1bbottii )Y\{'!r‘)x‘ 1 || WS ,

Ophiglossuin californicum Vernal pools
Adder's torgue fern
Fricstra irgatin sandy nleces Coastal strand
f Y t 0 I
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Species

Eriogonum butterworthianum

E. nortonii

E. temblorense
Polygonum montereyense
Delphinium hutchinsonae
Ceanothus rigidus
California lilac

C. rigidus var. albus
California lilac
Potentilla hickmanii

Galium californicum
ssp. luciense

Galium hardhamiae
Castilleja latifolia

Cordylanthus littoralis

Local Habitat

No data

Dry rocky slopes
1500-4000 feet
Inner coast range
No data

Dry hard clay

No data

Sandy hills and flats
Monterey Peninsula

Monterey Peninsula

Rare, in marshy places
at scattered stations
Open hills and woods
below 3500 feet
Coast ranges

No data
Sandy places

Monterey

Plant Community

Chaparral

Closed-cone pine
forect

Northern coastal
strand

Foothill woodland

kedwood forest

Closed~-cone pine
forest

Mixed evergreen
forect

Coastal strand

Closed-cone pine
forest

Back of coastal
strand

Closed-cone pine
forest




No rare or endangered animals have been identified by the
State of California in Site 27. The endangered California clapper rail
(Rallus longirostris obsoletus) is found in the salt marshes of nearby
Elkhorn Slough and the rare California black rail (Laterallus
Jamaicensis coturniculus) is also believed to be in the vicinity of
Monterey Ray.,

: The California Protected Waterways Plan designates the
Salinas River as a Class 1 riparian land.

Recreation. There 1s a slight amount of steelhead fishing in
the Salinas River. There is a wide variety of hur ting available in the
area, including deer, quail, rabbits and doves. Of special note is
the existence of wild pig hunting in the area. Under proper manage-
ment, pheasants could occur in densities capable of supporting
hunting in this area. The area suppotts camping, hiking, picnicking,
sightseeing and horseback riding.

Special Considerations. Treated return flow from wastewater
applications could improve the flow of the Salinas River. The steel-
head fishery is poor due to the low water and shifting sand in the
stream bottom. With increased flow a better steclhcad fishery could
be produced. Detailed investigations of the effect of additional water
to riparian, estuarine and bay plant and animal communities would be
needed, and the quality of the water would be of major significance to
any investigation., Additional water would also find uses in agriculture
in the Salinas Valley. Applications of water to wildlife habitats would
change these areas and thereby affect wildlife species in the wooded

areas




Site 28

Site 28 is located within San Mateo County. It includes the
western slope, from the crest to the ocean, of the Santa Cruz Mountains
from south of Half Moon Bay to approximately the San Mateo-Santa
Cruz County line. Elevations range from sea level t0 2,191 feet.

Vegetation. The vegetative cover types include pasturage and
crop agriculture in a coastal band at the lower eievations, grasses
and forbs in foothill areas, chaparrai on dry slopes, hardwoods in
some areas along the crest of hills and coniferous forests at the higher
elevations in twe different locations. These conifcrons areas includs
Douglas fir, coast redwood, tan bark oak, etc., which characterize
the coastal forest habitat. Rare, endangered and possibly extinct

o)

plants whose distributions include Site 25 are listcd in Table 1I-G-13.

Fisheries. San Mateo County contains 4 miles of silver
salmon streams (1,000 spawners) and 111 miles of steelhead streams
(8,000 spawners) in the western slope streams which tlow to the

ocean. Salmon provide 1,400 angler-days/year with a yield of . 14
fish/angler-day and 3,500 angler-days/ycar are spent on steelhead
with a yield of .11 fish/angler-day. A warmwater fishery is also
present in the site. The lower reaches of coastal streams are silted
from accelerated soil erosion associated with disturbances to the soil
nantle. Agriculture appropriates much of the water from streams,
limiting nursery capacities for anadromous fishes and a summer fishery.
The California Protected Waterways Plan designated Pescadero Cre

as a Class 111 steelhead river,

Wildlife. Black-tailed deer inhabit the coast sagebrush
habitat type in densities of 60-100/sqguare mile, whilo other wild land
habitats carry densities of 30-60/square mile. California valley quail
occur in densities of 30-50/100 acres in most wild land and agricul -
ture habitat types. Wintering densities of 10-100/100 acres a1¢
known for band-tailed pigeons. Doves, rabbits and trece squirrels are

common. A single species, noted below, known to occur in Site 28

has been classified as rare or endangered by the State of California. ;
|

Species Status i

{

(Thamophis sirtalis tetrataenia) Endangered |

San Francisco garter snake

The San Francisco garter snake inhabits marcii areas and is mest

G-58




Table II-G-13

RARE, ENDANGERED AND POSSIBLY EXTINCT PLANTS

OF SITE 28
Species Local Habitat Plant Community
Chaetopappa bellidiflora Open dry rock slopes Northern coastal
scrub
Coastal prairie
Helianthella castanea Grassy hillsides Foothill woodland
500-4000 feet Valley grassland
Cupressus abramsiana Dry slopes Yellow pine forest
Santa Cruz cypress 1600-2500 feet Closed-cone pine
Bonnie Doon forest
Fagle Rocks
Santa Cruz Mountains
Arctostaphylos pacifica No data Foothill woodland
Potentilla hickmanii Rare in marshy places
at scattered locations
Castilleja latifolia Sandy places Coastal strand

Closed-cone pine

forest




commonly found in vegetation that borders ponds and lakes. Loss of
habitat to housing and highway construction have reduced the popula-
tion to the endangered level.

The California Protected Waterways Plan designated Pescadero
Marsh as a Class ] lagoon. Class liI lagoons include Gazos Creck,
Pomponio Creek, San Gregario Creek and Tunitas Creek.

Recreation. Recreational use along the coastand in state
parks is heavy There is a moderate amount of salmon and steelhead
fishing in the area as well as a warmwater fishery. The available
hunting inc!uaes deer, quail, doves, rabbits and tree squirrels. Other
activities supported by the site include camping, picnicking,
swimming, hiking, sightseeing, horseback riding and wildlife
observation.

Special Considerations. Imported water may have stream-
flow augmentation uses in this area, particularly where agricultural
approgriation of stream waters has diminished the salmonid or warm-
waler fisheries through streamflow depletion. The effect of additicaa!
water on riparvian, marsh and estuarine communities wonld need
extensive investigation before any decision could be made on the

advisability of

adding wastewater Lo the present stream system either >

directly or by subsurface flow.




Site 42

Site 42 is in Contra Costa County and encompasses an area
from the summit of Mt. Diablo eastward to Clifton Court on Old River
(San Jouquin River). The northern boundary is south of the Bay and
Delta front cities. It contains in its easternmost reaches sections of
the California Agueduct and Delta- Mendota Canal and the Clifton
Court Forebay. The elevation ranges from 3,849 feet at Mt. Diablo
to near sea level at the edge of the San Joaquin Delta and valley.

The area is characterized by scveral valleys sloping from west
to east that are separated by ridges 500 to 1,000 feet in elevation.
The valleys and lower hills are in agriculture or pastures. The stream-
flows in these areas are intermittent and the channels are highly
eroded due to the movements of cattle. Wild land areas exist along
the higher ridges and in canyons that lead from the valleys to Mt.
Diablo. These areas are typified by hardwoods and chaparral. Along
the lower eastern edge of the area, which is relatively flat, there are
orchards and row crops. The area contains about 500 acres of
alkaline and nonproductive soils. Although there is hunting at the
higher elevations and warmwater {ishing in Marsh Creek Reservoir,
the area is generally considered of jow productivity for these wild
land uses.

Vegetation. The vegetative cover varies from orchards, crops
and arasses at lower elevations to woodland-grass at median elevations
and "ardwood and chapatial at high elevaticns. The wide range of
elevations and topoaraphy provides the opportunity for a number of
different plant communities. Most of the low slope lands are in grass
or grass and oak. Rare, endangered or possibly extinct plants in
Site 42 are listed in Table 1I-G-14.

Fisheries. A warmwater fishery is present in both the
California Agyueduct and the Delta-Mendota Canal. These two canals
ire designated as Class 11T wannwater fisheries in the California
Protected Waterways Plan. Marsh Creek and Centra Loma Reservoir
soutn of the City of Antioch and Chifton Court Forebay contain warm-
watcer fisherict. Stream flows at lower elevations are intermittent.

i

Due to its merginal use for fish and wildlife, the fishery in the area
is poorly defined.

Wildlife.  Black-tailed deer are found in densities of 10-30/
square mile 1n woodlant 4riss and chaparral habitat tvpes. Deer are

also found on some aaric 'ura) fands adjacent to wild areas and pose




Table 1I-G-14

RARE, ENDANGERED AND POSSIBLY EXTINCT PLANTS
OF SITE 42

Species
Amsinckia orandiflora

Eriophyllum jepsonii

Helianthella castanea

Parvisedum pentandrum

Streptanthus hispidus

Tropidocarpum capparideum

Arctostaphylos auriculata

Phacelia phacelicides

Calochortus pulchellus

I'ritillaria liliacea

Inner coast

Range and adjacent
valleys

Dry rocky, often
serpentine slopes

1000-3000 feet

Inner coast range

Grassy hillsides

500-4000 feet

Mt. Diablo State Park

Rocky places, often
on serpentine

800-2500 feet

Inner coast range

Talus, rocky outcrops

2000-3850 feet

Mt. Diablo State Park

Alkaline low hills,
below 500 fect, in
region about the
foot of Mt., Diablo

Dry slopes of sand-
stone

500-2000 feet

Mt. Diablo State Park

Uncommon, in rocky
places, 2000-3500
feet

Inner coast ranues

Mt. Diablo

Frequent on wooded
and brush slopes

Above 700 feet

Mt, Diablo

Heavy soil, open hille

and tields near coast

G=62

Plant Community
Valley gressland

Foothill woodland

Valley grassland
Foothill woodland

Opening in foothill
woodland

Chaparral

Chaparral

Valley grassla

Chaparral

Noothill woodland
Chaparral
Northern coastal

scrub
Redwood forest




- R ———

Species Local Habitat Plant Community
Hesperolinon breweri Grassy or brushy Chaparral
slopes, partlv Foothill woodland
shaded on serpen-
tine

Inner coast range
400- 3300 feet
- Mt, Diablo
Hibiscus californicus Moist banks Freshwater marsh
Lower Sacramento
and San Joaquin
Rivers
Eriogonum truncatum Dry clopes Edge of chaparral
1000-1200 feet
East base of Mt, Diablo
Corhylanthus nidularius Serpentine slepes Chaparral
2000 feet
Ncar Deer Iat
Mt. Diablo

Senicula saxatilis 3000-2800 feet Chaparral

Mt, DiaLlo Fcothill woodland




a continuing depredation problem in home gardens and on crop lands.

California valley quail are found in densities of 10-50/100

acres in the chaparral and part of the agricultural habitat types. Do

are found in the woodland-grass and agricultural habitat types in
densities of 10-100,/100 acres. Jackrabbits, cottontails and brush
rabbits are common in wild lands and farming areas. Pheasants are
confined to the agricultural habitats, especially cereal crops, in
densities of 10-50/100 acres. Band-tailed pigeons are common
winter migrants in the woodland-grass habitat, partic larly arocund
Mt. Diablo, in densities of 10-100/100 acres.

Songbirds are numerous in the woodland-grass and chaparral

W

habitats. Golden eaales are occasionally seen in the Mt. Diablo area.

Marshes have abundant populations of waterbirés. Animals

designated as rare or endangered by the State of California include:
Species Status

(Masticophis lateralis euryxanthus) Rare
Alamcca striped racer

(Thamnophis ccuchi gigas) Rare
giant garter < ~ake

The Alameda striped racer is usually associated with chaparral, but
slands, woods and on rocky slopes. 1he loss of

also occ

habitat due to construction and development has reduced the numbers

of this species. The giant garter snake is confined to areas around
permanent fresh water and has been reduced in number by the filling

of sloughs, the drcining of marshes and other land use changes.

Recreation Actual recreation in the site is undefined but is
considered limited because of limited public access.

The fishino in this area consists of warmwater species, mainly

bass, catfish and crippie in the reservoirs. Tioe hunting includes
deer, quail, doves and rabbits. Hiking and horschack riding sites
are avoilable in this area. Also found in this area is camping,
picnicking, boat:ng and swimming.

The mars' lond and foothill land offer gocd opportunities for
wildlife and habitat observation, Caves and caverns on this site
might offer unique rocreation tor Ray Alea residents.,

=64




Special Considerations. Good fish and wildlife habitats are
scarce in the area due in a large part to arid conditions and present
land uses. Use of the higher elevations {or wastewater disposal
would alter the wild land remaining in the district, but wastewater
disposal may enhance wildlife if proper management of the area is
exercised.

Special attention should be given to the cnhancement of
existing wild land systems and to the creation of nature parks and
recreational fisheries because of the proximity to sources of
recreational users.




Site 43

Site 43 is located in San Joaquin Ccounty southwest of Stockion
and encompasses Union and Robert's Islands. This area of the Delta
is generally bounded and intersected by channels of the San Joaquin
River and various canals. Much of the land is at or below sea level
and was claimed from tidal marsh lands. It is now maintained for
agricultural purposes by levees and pump-out drainage systems.
Water systems in the area are a complex of freshwater tidal channels
that vary seasonally in response to flooding and pumping schedules at
the federal and state pumps near Tracy. During most of the year flows
along the east and south sides of the area have relatively high total
dissolved solids that are contributed by the San "ﬂcm:;. River. The
Sacramento River water which is transferred across the Delta by the
Central Valley and California Water Projects has lower total dissolved
solids concentrations and is used along the north and west sides of
the site. Water quality conditions in the San Joaquin River may be
considered poor in the vicinity of Stockton during late summer because
of depressed levels of dissolved oxygen. Water qualily is otherwise
good to excellent although the water is turbid,

The Delta contains important fish, wildlife and recre
areas. The site has a valuable striped bass and warmwater
it is a necessary spawning area snd migratory route f
fish, it provides extensive native riparian habitat
of birds and mammals, there are fallow agricultural lands that are
necessary wintering grounds for waterfow!l ana it is heavily utilized
for recreation for a variety of purposes. The Delta is clascified as a
Class I premium scenic, fishery, wildlife and recreational waterway
in the California Protected Waterways Pian. In summary, it is one
of the most complex and valuable fish and wildlife areas in the state.
It is also the most intensively studied area in California in regard to
its aquatic resources.

or a great diversity

Vegetation. The area is agricultural and is principally used
for grains, although asparagus is an important luxury crop. A large
but undetermined percentage of the land is cultivated. Soils are peat
with sand and loain. Natural plant communities are an important
component of the area. Native vegetation is found in the riparian
habitat along the channels, sloughs, berms and channel islands.
Most of the native vegetation is on levees with th: iype and extent
dependent in part on the ag« of the levee and current levee
maintenance practices. Conditions may vary from bare carth, grass
and rock to lu):ml(mt growths «f 'arge hardwood trees, brush and

G306




black les Berms near levees or in channels form extensive
t . tail I *s. Channel islands are probably more

ecologically iplex in their vegetative makeup than the levees
because of the variety of stages in island evolution and vegetative
succession. Because of the variety and importance to wildlife of
native vegetative habitat in Site 43, any location proposed for waste-
water applicat should be investigated for its ecological value to

Several | t ¢ reported in the area are listed as rare or

Plant Community
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induced stream flows influence water quality, fishery productivity
and fish migrations 1n the study area.

The California Protected Waterways Plan classifies the
Sacramentc-San Joaquin Delta as a Class I striped bass and sturgeon
fishery. The lower San Joaquin and associated sloughs are also
listed as a Class I warmwater fishery. The San Joaguin River is also
classified as a Class II salmon river and as Class 1Il for American
shad (in "good" water years, from the mouth of the river upstream to
the Merced River).

Wildlife. The vegetation on the ievees in the Sacramento-
San Joaquin Delta provides, den, nesting and cover requirements for
over 100 wildlife species. The narrow riparian habitat supports an
inordinate number of species as well as populations of individuals.,
River otter, muskrat, raccoon and opossum are examples of resident
mammals. Many migratory and resident birds depend upon the levee
vegetation for shelter and the agricultural areas for food, while others
may carry out their entire life cycle in the riparian habitat. Fallow
grain fields are important feeding and loafing areas for ducks, geese
and cranes during the winter. The non-leveed channel islands ]
(unreclaimed) with their dense vegetation of tules, brush and treces
provide the highest quality of nesting, roosting and escape cov
the Delta for many species of wildlife, including perching

wd ‘ RaTal

birds , marsh birds, birds of prey and water-associated rod
and furbearers. These channel island areas are also the most
aesthetically pleasing areas in the Delta.

The Delia Master Recreation Plan (Ref. 51) recommends that

“all of the channel islands and adjacent levees in that portion of
"d River bounded by Coney and Union Island" be designated as a
“Fish :nd Wildlife Area". Other waterways within Site 43 are
designated

ed as "protected use"” or "natural use" areas.

The Delta area is a particularly good wildlife area. Of special
porteo~e 12 hunting for pheasants and waterfowl. San Joaquin
traates in tne top ten counties in the state for hunier bag of

‘nts, doves and jackrabbits. Valley quail are numerous along
! ]

he Delta levees where good cover vegetation remains.

The Delta waterways and adjacent tarmin. lands ov¢ important

airtering areas for waterfowl. Sandhill cranes may occasionally use
t"¢ area. The county rates in the top ten in hunier bag for ducks and

eSS0,
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The Delta waterways support a large number and variety of
birds and mammals. The Delta islands support breeding pairs of the
rare white-tailed kite along with many raptors and songbirds. River
otter are common and muskrat are numerous. There is commercial
trapping for muskrat and mink. Delta waterways also support beaver.

Animals classified as rare or endangered by the State of
California are:

Species Status
|
(Thamnophis couchi gigas) Rare

giant garter snake

(Coccyzus americanus occidentalis) Rare
California yellow-billed cuckoo

The giant garter snakc is confined to areas around permanent
fresh water and has been reduced in number by the loss of habitats
when sloughs are filled or marsh areas drained. The California
yellow-billed cuckoo inhabits dense streamside vegetation and has
also been reduced in numbers and range by loss cof habitats to
agriculiural and urban developments.

Recreation. The area supports an excelleat fishery including
striped ba

s, salmon and sturgcon. Excellent warmwater fishing for

catfish and largemouth bass is also available.

Good duck and pheasant hunting is found in the area as well as
hunting for doves, rabbits and quail.

Of special note in the area are the uncommonly {ine opportunities
for wildlife observation, nature walks, water skiing and boat trips.
This area represents a rare and valuable marsh land and riparian
habitat which is unique in both its quality and scope. The proximity
of this area to three major population centers indicates an opportunity
to provide a high quality natural area for a large number of potential
users. A large amount of recreation is provided by commercial
facilities.

Special Considerations. Of outstanding jimportance to the
ecology of the area are those locations containing naturel or unculti-
vated vegetation. Most of this habitat is on levees, islands and
berms along with some marsh land. Although waterfow! vse the open
fields in winter, almost all of the wildlife specics are dependent to
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some cxtent on the natural habitats. The effects of wastewater appli-
cations on natural habitats located on the levees, berms, islands,

or marshes must be evaluated in terms of ecoiogical values and public
desires. Because these nonagricultural habitats are in relatively short
supply in the Delta as compared to crop land, their status is a special
concern. Of specific concern are the non-leveed channel islands.
The Department of Fish and Game indicates that these areas should be
preserved in their "natural" condition. These areas are prime habitats
for white-tailed kite, waterfowl and many other animals. The
maintenance of the vegetative habitat of the islands as well as the
riparian habitat of the levees, berms and marshes is considered of
primary importance.

Consideration should also be given to potential changes in
water quality and the aquatic environment. Water quality in the San
Joaquin River from Moss Landing to Turner Cut, which borders on part
of the study area, currently is less than desirable. Degradation is
mainly caused by excessively high salt content, nutrients and organic
loading. During low flow periods most of this water is mixed with
Sacramento River water and transported south via the Delta-Mendota
Canal and the California Aqueduct. Thus, the guality of water along
the west side of the project area is decidely better than in the San
Joaquin and Old River channels.

Water quality in dead-end sloughs can vary and is better at
the open end. Such characteristics affect the usefulness of these
sloughs for fishing.

Water quality in the main channels may limit fish behavior,
productivity end reproduction. Low levels of dissolved oxygen that
occur in the San Joaquin River have caused fish kills. The high leve!
of total dissolved solids is thought to inhibit the spawning of striped
bass. Poor water quality and insufficient flows in the San Joaguin
River inhibit the migrations of salmon and steelhead.

Changes in native riparian habitats, water quality, wintertime
use of fields by waterfowl and recreational access and uses should be
studied for potential projects.
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