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HAPTER I. INTRODUCTION AND SUMMARY

ater in Sonoma County has been increasing steadily

years. Today, with more than 10,000 water wells
he county, ground water continues to be an impor-
source. Ground water in Soncma County is used

for domestic, municipal, industrial, and agricultural purposes.

Municipal water
.and Petaluma ar
vided by the So
Healdsburg, 3Seb
ground water.,

The continuing
panied by an in
In order to obt
the Sonoma Coun
of Water Resour
the ground wate
on this resourc
by individual 4
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water purveyorsl;

systems; (3) th
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and bacteriolog
identification
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The study was ¢
two goals, Fir
the county will
guidelines and

of the ground w
Second, the fac
ensured that pl
that local agen
with the result

Sonoma County i

on Figure 1. S
of 50,006. The
area, and is se

two scheduled a
Petaluma (popul
Sonoma (populat
tion 3,993), He
(population 3,2

needs of the cities of Santa Rosa, Cotati, Soncma,
e met primarily from surface water supplies pro-
noma County Water Agency. The c¢ities of Cloverdale,
astopol, and Rohnert Park rely principally on

population growth in Sonoma County has been accom-
creasing stress on the ground water resource.

ain better information on which to base decisions,
Lty Planning Department requested the Department
ces to undertake a cooperative investigation of

r resource of the county, including the effect

e caused by urbanization in rural areas served
omestic well and septic tank systems. Information
e county included (1) the identification of all

; (2) the identification of all sanitary sewer

e geologic parameters involved in the recharge,

nd withdrawal of ground water; (4) the chemical
ical quality problems in the county; and (5) the
and evaluation of the various ground water basins

onducted on a cooperative basis and accomplished
st, the study developed ground water data that

need in order to implement water development

The Department will need to evaluate the extent
ater resource for use in statewide planning.

€ that the study was undertaken cooperatively
anning would be based on local conditions and

icies would be involved in the effort and acguainted
g and the bases upon which they were reached.

Description of the Area

s situated north of San Francisco Bay, as shown
anta Rosa, the county seat, had a 1970 poprulation
city is the center of commerce of the North Bay

rved by U, S, Highway 101, two railroads, and
irlines. Other population centers include

ation 24,870) in the southern part of the county,
don 4,112) in Sonoma Valley, Sebastopol (popula-
al?sburg (population 5,438), and Cloverdale

51).




An additional 6.64 percent of the county has soil conditions
which may be acceptable for septic tanks, but on-site tests
should be required to determine if this is the case. The
remaining 92.75 percent of the county is underlain by soils
that are totally unacceptable for the satisfactory placement
of septic tanks and leach lines due to inadequate percolation
rates, steepness of slope, depth to rock, or depth to water.
Recommended acceptable areas for septic tank siting are
presented on Plate 2.

Ground Water Resources. Seven ground water basins in the
county have been identified; these comprise 16 percent of
the total area of the county. Adjacent upland ground water
areas, underlying an additional 26 percent of the county,
also have been identified. Most of the 10,199 identified
water wells are located in these seven ground water basins
and in the upland areas. The average depth to water was
tabulated for each secticn for which water level dafta were
available. In many cases, adjacent wells of differing
depths had markedly different water levels.

Well records dating back to 1949 show that there have been
few significant changes in water levels over the years.
Natural recharge areas were identified in the valley areas
of the Russian River and Dry Creek as well as the hill area
southwest of Sebastopcl. Previous studies of this latter
area indicate that its recharge capability is about 21,000
acre-feet per day (26 cubic nhectometers per day).

The density of water wells, as well as the percentage of
wells with sanitary seals, also was determined. In several
mile-square sections of land, there are more than 100 water
wells; one section southwest of Sebastopol contains 180 water
wells. 1In many sections with numerous wells, less than half
of them have sanitary seals.

In Sonoma County, there are at least 400 springs, many of which
yield potable ground water. There are also thermal springs
which yield highly mineralized, unpotable ground water.

The total amount of ground water in storage iIn Sonoma County
was determined thrcough the use of a computer-assisted program.
The program indicated that there are about 19 million acre-
feet (23,000 cubic hectomefters) of ground water in storage.
However, usable storage capacity could not be determined due
to a lack of adecguate data on recharge, transmissivity,
pumpage, and safe yield.

Water Quality Hazards. Most ground water developed in
Sonomsg County 1is usable for domestic purposes. Only in

a few areas are chemical constituents present which render
the water unpotable. Boron is present in the water from

a number of wells; this constituent, although not a hazard




Ground water ik an important resource
" rural areas are entirely dependent on
ground water for storage in combinatio
may provide more efficient utilization
18 a need to c¢ontinue the current inves
additional ground water data,
storage capacity, ascertain th
ground water basins and contig

water resources management plans for Sonoma County.
should include

1.

to drinking water, may be injurious to toxic to a variety

of plants |and trees, Sodium, which also is an agricultural
hazard, ig present in a number of wells throughout the county.
Water used for domestic purposes decreases in quality with

an increase in salinity, iron and manganese, hardness, and

total disgolved solids. FEach of these four hazards was found
in certain localities in the county.

Study Continuation

in Sonoma County. Many
ground water. The use of

n with surface water supplies
of water resources. There
tigative effort to develop
determine the usable ground water

e dynamic response of the variocus
uous ground water areas, and develop

The program

Establishment of the following pricrity for the further
investigation of the various ground water basins because

usable grouynd water storage capacity could not be determined
during the |present study:

Group I: Santa Rosa Valley (including Dry Creek and Rincon

Valley), Petaluma Valley, Sonoma Valley, and the
Kenwood Valley-Glen Ellen area.

Group II: |Alexander Valley, Knights Valley, and Lower Russian
River Valley.
Group III: Ground water areas outside of boundaries of ground
water basins.

Investigation of the Group I basins s
of the entire geohydrologic system an
capability ¢of the aquifer system to s
other high dlemand, water systems,
Groups II and IIT basins and areas

fication of |the aquifer systems and
use of ground water.

hould include the study
d an evaluation of the
upport municipal, and
Investigation of the

should include an identi-
an evaluation of efficient

Establishment of a network of monitori
density to provide data on the identir
tion of the pPotentiometric surfaces of

systems and |the determination of the di
water flow in them.

ng wells of sufficient
ication and configura-
the various aguifer
rection of ground




Development of mathematical models of the Group I more intensely
developed basins in order to evaluate alternatives to meet

the water demands of these basins to the year 2000. Data

needed for each model ineclude land use, water use and pumpage,
population prcjections, precipitation, aquifer character-
istics, and transmissivity values.

Development, testing, and evaluation of conjunctive use plans
for the Group I basins and recommendation of the type of ground
water basin plan most appropriate for each basin.

Bevelopment of hydrologic data as in No. 3, above, for use
in estimating usable ground water storage and safe yield in

less-developed basins where the development of a ground water
model is not justified at this time.

Identification of natural and artificial recharge sites and
determination of their infiltration characteristics. 3ources
of water for recharge (both natural and treated) should be
identified and evaluated. The effects of artificial and

natural recharge of water on ground water withdrawals should
be evaluated.

Additional study of water quality problems, such as iron

and manganese, should be made to determine their cause,
effect, and remedy,
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CHAPTER II. GEOLOGY AND HYDROLOGY

the geologie and hydrologic aspects of Sonoma County
ional basis for the evaluation of the various ground
ErSs .,
se of ground water can be made,
erices 1s necessary.,

Before decisions affecting the mode, cccurrence,

a knowledge of these

A Fundamental Part of Ground Water Studies

Ground water ¢
earth. It is
be seen flowiry
Certain propex
the ability of
in, or be exty
of geology is
ground water f
A basic part g
the preparatig
rock type. In
the undergroun
properties of
ation of groun
the identifica
recharge, and

Geologic Formg

racted from the ground.

3

iterpretation of the ma

rxists at many places beneath the surface of the

normally hidden from view but, on occasion, can

g from springs and wells or seeping into tunnels.
rties of the various geologic materials control

v

ground water to enter into, move through, be stored
Therefore, an understanding
necessary in order to gain an understanding of

ound within a particular area of investigation.

f the study of the geology of an area includes

n of a map showing surficial exposures of each

p facilitates the study of

d configuration, characteristics, and physical

these materials. This, in turn, enables the evalu-
d water storage, movement, and yield, as well as

tion of areas of ground water quality problems,
extraction,

tions

The fundamental
tion. A forma

which have some character in common
or composition|.

any naturally
hard, dense gr
cohesive soil.

The rocks in 8
rock groups, v
rocks were for
lization of mo
and extrusive.

spoken of as it

that can be se

the granitic ri
surface, such ;
being extrusivs

1 unit of a geologic study is the geologic forma-
tion has been defined as any assemblage of rocks
» whether of origin, age,

In this sense, the term "rock" is defined as
cccurring part of the earth's crust, and includes
anite, lava ash, clay, sand, and even loose, un-

pnoma County have been divided into three major

1z. igneous, sedimentary, and metamorphic. Igneous
med from the cooling, solidification, and crystal-

Lten magma or lava and are of two types, intrusive

When formed at depths of several miles, they are

ntrusive. These rocks contain mineral crystals

en by the unaided eye and are characterized by

bcks exposed at Bodega Head. When formed on the

a8 a lava flow, igneous rocks are spoken of as

2 Most crystals in this latter rock type are

s




periods have been further subdivided into epochs. Present-day
time is included in the Holocene Epoch, which goes back 10,500
years.

Another way of looking at geologic time since the beginning of
the Paleozoic Era i1s to compress it into an imaginary one year

of time. Were this the case, the Paleozoic Era would have lasted
eight months and the Mesozolc Era another three and one-half
months. The Ceozole Era would have begun during the next-to-
last week of the year. The entire history of man, stretching
back over 2,000 years, would have been allowed only about 15 min-
utes at the close of the year.

Figure 2 presents a stylized view of geologic time showilng the

“significant events and creatures of geologic history. Figure 3
is a geologic time scale showing the relative time position of

the various geologic formations in Sonoma County.

The Relationship Between
Geologic Materials and Ground Water

The geologic formations which underlie Sonoma County can be
divided into two basic groups, viz. water-bearing and nonwater-
bearing. A water-bearing formation is one that readily absorbs,
transmits, and yields usable quantities of ground water to wells.
Conversely, a nonwater-bearing formation is cne that yields only
limited quantities of water to wells. In some cases, nonwater-
bearing formations can yield mineralized, unpotable water. With
but one exception, all of the water-bearing formations of Sonoma
County are of Cenezolc age. Furthermore, nonwater-bearing rocks
are all "hard rocks", that is, they are consolidated and massive.
Conversely, most of the water-bearing rocks include soft sand-
stone, clay, alluvial soils, and river gravels.

Nearly all of the materials that make up the water-bearing forma-
tions have open spaces containing ground water. The size of
these openings ranges from minute pores in clays to intergranular
openings in deposits of sand and gravel. The porosity, or per-
centage of the total volume of the openings, is not necessarily
indicative of the ease with which ground water moves through

the material. 1If the openings are very small, or if they are

not connected, the material has a low permeability. Materials

of low permeability, such as clay, transmit very little water.

In contrast, materials of high permeability, such as river gravel,
yield large amounts of ground water. A geologic bed, or stratum,
which readily transmits ground water (i.e., has a high perme-
ability) is called an aquifer. In contrast, materials which
contain ground water but cannot transmit extractable quantities
(i.e., have low permeabilities) are called confining beds.
Certain strata can act as aquifers in one area and as confining
beds 1n another area because of lateral changes in permeability
resulting from changes in the physical characteristics of the
materials.

10
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Ground water exists in two zones beneath the ground surface, as
shown on Figures U4 and 5. The upper zone is the zone of aeratlon.
Here, most openings in the geologic materials are partly filled
with air and partly with water. Wells do not produce ground
water from the zone of aeration because the molecules of water
adhere tightly to the various geologic materials. If perched
ground water occurs in the zone of aeration, it is contained in
an isolated saturated zone which is separated from the main
ground water body by an underlying impermeable stratum. Well "g"
on Figure 4 represents a well producing from a perched aquifer.

In the lower zone, Or zone of saturation, all of the interconnected
openings in the geologic materials are filled with ground water;
little or no air is present. Ground water exists in thls lower
zone under either unconfined or confined conditions. An aquifer
containing unconfined ground water is one that is not overlain

by a confining bed. The upper surface of an unconfined body of
ground water is called the water table., It 1s represented by

the level of water in a well tapping unconfined ground water.

Well "D" on Figure 4 represents a well producing from an unconfined
aquifer. Unconfined ground water moves very slowly in the direc-
tion of the downward slope of the water table.

A confined aquifer is one that is overlain by relatively imperme-
able material and is isolated from overlying aquifers except in
areas of recharge. GOround water contained in confined aguifers
is under pressure, and the level to which this confined ground
water will rise in a nonpumping well is the potentiometric surface
of the ground water. This latter is an imaginary surface that
represents the upward pressure exerted by the confined ground
water on the materials overlying it. Where the potentiometric
surface 1is below ground, water will rise in the well to some
point above the top of the aquifer, as represented by Well man

on Figure 5. If the potentiometric surface is above ground, the
well will flow as represented by Well "C".

The stratification of aquifers and confining beds is the result

of deposition under continually changing environments. Coarse-
grained deposits, sand and gravel, are laid down along stream
charnels. They are coarsest at the apex of alluvial fans and

become finer-grained the farther removed they are from the mountains.
Silts and clays are depcsited by slow-moving streams, in flood

arecas adjacent to active channels, and in lakes, swamps, and bays.

Hydrolegy: From Precipitation to Well

The earth's water circulatory system is known as the hydrologic
cycle. In this cycle, shown on Filgure 6, water evaporates from
the ocean and other bodies of water; it is also given off into

the atmosphere by plants. This water collects as clouds and then
returns to earth as precipitation. The precipitation either forms

12
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THE HYDROLOGIC CYCLE

surface runoff or infiltrates the ground water body. In time,
runoff and ground water collect in bodies of water and the cycle
begins anew.

The pattern of movement of a particle of water from the time it
enters the ground to the time it emerges, either naturally or from
a well, is controlied by the subsurface conditions encountered.
Upon entering the ground, the particle of water moves downward
through the zone of aeration and into the zone of saturation.

This happens whenever water from precipitation, streamflow,
applied irrigation, and all of the other various sources moves
into the ground through the open spaces in permeable materials.
The area over which this is accomplished is called a ground water
recharge area. These areas may be found on mountains, along
foothill slopes, and on valley floors. In Sonoma County, important
recharge areas occur along the channel area of the Russian River.
Here, the deposits are very permeable, allowing for the rapid
infiltration of water down to the ground water body. Water flows
over these recharge areas during the entire year, affording a
continual replenishment tc the ground water body.

14
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Water Well Numbering System

The water well
on the rectangu
Sonoma County w
of 25 land-gran
and Pomo Indian
and "yome", fla
explorer Juan Fi
names, such as |
rancho land graj
were later surve

numbering system used in this bulletin is based

lar system of subdivision of publie land. When

as first settled, most valley lands became parts

t ranchos. Rancho names ranged from those of Miwok
derivation, such as Petaluma (from "peta", place,
L), to surnames such as Bodega (named for Spanish
rancisco ‘de la Bodega) and Spanish descriptive

igua Caliente (hot spring). Lands outside of the
tts later became identified as public lands. These
eyed into townships of 36 square-mile area and
referenced to the Mount Diablc Base and Meridian. Each township
was divided into 36 sections of roughly one square-mile area.
Because land-grant areas do not have township and section lines,

these have been|projected across for the purpose of numbering
water wells.

A state well nup
and its section
located in Towng
rlaces the well
into 16 quarterd
identified by a
Tract "G", which
of the northeast
sequential numbg

nber has two basic parts, its township location
location. For example, Well No. 7N/8W-17Gl is
ship 7 North, Range 8 West, and Section 17; this
west of Santa Rosa. Each section is subdivided
rquarter sections (40-acre tracts); these are
letter designation. This particular well is in
1 also can be described as the southwest-quarter
—quarter of Section 17. The final number is the
'r within that particular tract.
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Physiography of Sonoma County

Sonoma County is situated in the Coast Ranges Geomorphic Province
(refer to Appendix B for definitions of geologic, hydrologic,

and related terms), which is characterized by northwest-trending
mountains and valleys. The topography of the county ranges from
low-1lying mud flats along the north shore of San Pablo Bay,
through which Petaluma Creek and Sonoma Creek move sluggishly,

to Mount St. Helena, which frequently is mantled by snow in
winter and has a crest elevation of 4,343 feet (1,324 meters).
(Refer to Appendix C for English-Metric conversion tables.)
Major mountain areas include the Mayacmas Mountains-Mount St.
Helena-Sugarloaf Ridge zone, which forms the eastern boundary
with Napa County, the Sonoma Mountains which separate the Santa
Rosa Plain and Sonoma Valley, the rugged mountainous area between
Healdsburg and the coast, and the low, rolling hills west of
Sebastopol.

Six major valley areas contain the prineipal population centers

of the county. In the south part of the county are located Sonoma
Valley, drained by Sonoma Creek, and Petaluma Valley, drained by
Petaluma Creek; both of these streams are tributary to San Pablo
Bay. To the north are the valleys of the Russian River watershed.
These include Cloverdale Valley, Alexander Valley, Dry Creek
Valley, and the Santa Rosa Plain. Smaller valley areas include
Rincon Valley, Kenwocd Valley, and Bennett Valley, all tributary
to Santa Rosa Plain, and Knights Valley and Franz Valley, which
are tributary to the Russian River.

Geologic History of Sonoma County

The known geologic record in Sonoma County begins with rocks
which date back to the middle of the Jurassic Period, or about
150 million years (m.y.) ago. Events which took place during
the hundreds of millions of years preceding this period have
been obliterated by later geologic conditions. During the some
125 million years from the Jurassic Period to the middle of the
Tertiary Pericd, the area now known as Sonoma County was a part
of the sea floor. At times this floor was covered by many thou-
sands of feet of water teeming with all varieties of marine life.
This sea floor continually received sediments from neighboring
lands to the east; all the while, at depths of several miles,
vast masses of molten magma slowly migrated upward to solidify
as crystalline rock.

Near the end of the Miocene Epoch (12 m.y. ago) forces deep within
the earth began forming what are now the mountains of northwestern
California. These forces brought the ocean floor above sea level
and exposed the sediments to wind and rain, where erosion shaped
mountains and valleys. Continued mountain-building caused periods
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Geologic Formations and Their
Water-Bearing Properties

the geologic formations of Sonoma County yield water
l yields range from 1,000 gallons per minute {(gpm),
5 per minute (1/m), in wells completed 1In coarse-

21 materials to less than 1 gpm (3.8 1/m) in wells
nsolidated rocks., Wells with high yields usually
pf good to excellent quality; those of markedly

sy produce water containing significant guantities
mineral constituents,

this bulletin presents a detailed discussion of

o geology of Sonoma County. Included in the appendix
h of the geologic history of the area as it affects
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ground water, a discussion of each geologic formation along with
its water quality and water yielding characteristics, and finally
a discussion of the geologic structure of Sonoma County and its
effect on ground water quality and movement.

Data on the physical and water-bearing characteristlcs of each
geologic unit in Sconoma County is summarized on Table 1. The sur-
ficial extent of each geologic unit is presented on Plate 1;

their subsurface extent is shown in the geologic sections which
appear in Figure 7. Water guality data for the various geologic
units appear on Table 2, and well yield data appear on Table 3.
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Table 3

GEOLOGIC FORMATIONS OF SONOMA COUNTY

Stratigraphic Thickness

Belogic H :
Agl : Geologic Farmation : (feet) {mevers, Physical Characteristics Water-Beaving Characteristics
r_.. —
Bay Mud Depostts 9 - 200+ ¢ - 6o+  Drganic clay, silt, and fine sand; peat may tortains sodium chloride ground water; of
be prasent. very tow permeabiiity.
10 - 100+ 3 - 30+ Ynconsolidated to semiconsolidated ealian Dunes have excessive permeability. May con-
Sand Deposits sand. tain sodium chloride water.
Stream Channel 10 - 100+ 3~ 30+ Unconso)idated coarse sand and gravel occur-  Highly permesble; transmissivities on the
Deposits ring along Russian River and other streams. order of 850,000 gpd {10,540 m2/day). Quality
HOLOCENE of weter generally excellent.
Landst fdes to 200+ to 80 Unconsolidated masses of clay, rubble, and Of low permeability. Mey contain ponds in
rock debris in a state of nomequilibeium. head area; springs and seeps may octur at toe
ares.
1S
Younger Alluyium 30 - 300 70 - 90 Unconsol idated deposits of samd, s¥i¢, and Provides adequate quantities of ground water
clay with stringers of gravel. for domestic uses. Well yields range from 10
to 130 gpm (38 te 493 1/min) depending on
location, Mater is of excellent quality.
I ARluvian Fars 50 - 300+ 16 - 30+ Unconsclidated depesfts of sand, clay, and May provide adequate quantities of water for
QUATERNARY I gravel deposited by streams draining wost uses depending on focation of well, Well
| mountaing, yields range up to 600 gpm (2,274 T/min).
Quality of water is excellent.
|
| River Terrace 10 - 200+ 3 - §6+ Unconsolidated deposits of sand, gravel. Reported well yields range from 10 to 60 gpm
l Deposits silt, and clay. Usvally at higher eleva- {38 to 227 1/min}. Smaller terraces may con-
tion than adjacent river. tain 1ittTe ground water unless underlain b
9 ¥
[ water-bear ing materials.
I Marine Terrace 2% - 50 & - 15 Poorly consolidated deposits of silt, samd, Mot a reliable source of ground water. Many
t Deposits and gravel, terraces are thin and are drazined; a few may
yield small guantities of ground water to
I wells.
[ 0lder AFTuyium 50 - 500 15 - 150 emiconsalidated lenticular beds of silt, Not a prolific producer of ground water.
i tlay, sand, and gravel; hardpan may be Wells reportedly yield from less than 1 to
present. 30 gpm (4 to 114 1/min), Quality of ground
1 water is excellent,
Huichica 300+ 76+ Beds of reworked tuff, volcanic clay, and
: R - " A poer producer of ground water. Well yields
~ . Formation siit; pumice fragments in basel portion. range from 10 to 100 gpm {38 to 380 1/min) with
PLEISTOCERY drawdowns as much as 250 feet {75 m), Water
quatity is not as good as in overlying materials;
excessive sodium fon is present.
. Highly variable in water-yielding capability.
t l Glen flien 3,000 a0 Beds of consolidated clay, silt, sand, 2nd In Santa Rosa Plain, well yields are in range
I ' Formation gravel; lignite also is present. Some beds of 15 to 40 gph {57 10 162 1/min}; Sonoma
H
of coarse conglomerate occur. Valley wells yield somewhat less. Kells to
| | BOO feet {240 m} in depth yield good quality
i | water; nitrate ion may be present. Wells
deeper than BOC feet (240 m} yield poorer
| quality water.
wercea rormation 50 - 1,000+ 15 - 300+ Beds ur tine-grained samastone; shell beds A principal water producer in Sonoma County.
are common. Some beds of claystone and uells produce from 20 to over 1,000 gpm (76
volcanic material. to over 3,785 1/min}; drawdowns are usually
10 to 150 feet {3 to 45 m), Ground water
uswally is of exceilent quality; excessive
iren and manganese may be presenti.
gzl:az_ll:nch 20 - 160 6 - 50' Sandstome, siltstone, and conglomerate. Well yields range from 2 to 36 gpm (8 to 136
10 T/min); some wells go dry in fall months.
The quality of water is excellent.
: : . Well yield is highly variable, Most igmeous
Sonoma Yolcanics 1,000+ 300+ ’::led vz':;arnc n;nteria"l‘; cnns\s;mgder‘_ rocks are nomwater-bearing; certain zones will
TERTIARY PLIDCENE ows, dikes, plugs, and beds of andesite, produce from 10 to 50 gpm (4 to 190 Y/min}.
rhycl ite, basalt, tuff breccia, and tuff. Volcanic sediments may produce up to 50 gpm
Oiatomite and black volcanic sandstone i i g
h t {190 1/min}). Standing water levels may be as
atso present. much as 300 feet {30 m) deep, MWater quaiity
usually is excellent; boron concentratioms to
1 mg/1 have been reported
Petaluma Formatian 4,000+ 1,200% Deformed beds of claystone, shale, sand- Not a prolific producer of good quality water.
stone, and lesser amounts of conglomerate Many wells yield less than 30 gpm {38 1/min).
and }imestone. Ground water ranges from an excellent sodium
bicarbonate to a so¢ium and calcium chloride
water having conductivities up to 900 micromhos.
PALEGCENE  1ertiary Marine 1,000+ 00+ Sandstone and mudstone along coast; sand- Wells along coast yield from 0.2 to 37 gpm {0.7
to NIGCENE ediments stone and pebbly conglomerate at east edge to 140 1/min) of moderately hard calcium bi-
of county, Of marine origin. carbonote water.
S
76 to 227 1/min)
Dry {reek 5,000+ 1,500+ Indurated conglomerate composed of well- wells yiela from 20 to 60 gpm (
CRETACEOUS Conglomerate : rounded cobbles an¢ boufders in arkosic with drawdowns g 105 faat (32 m).  Ground wnter
sand matrix.  OFf warine origin. is an excellent quality
water.
Franciscan Forma- 20,000+ 8, 000+ Sandstone, graywacke, mudstone, greenstone, Well yi
r . - ields range ¥ 0.2 to 68 7
5‘?;‘ *"‘;EG"C'“ ' conglomerate, chert, and limestone, all 258 1?"-n'n). Weter levels ars as ﬂﬂﬂp(fs 123
U:di?ffereﬁ:::ct:ﬁ highly sheared, veined, and faulted. Of feet (48 m). Fany springs are present in out-
marine origin. crop area. Ground water ranges from excellent
quality at wells and celd springs to highly
JURA mineralized at thermal springs.
CRETACEQUS . - - s e
Serpantine 1 > Major Lodies of sheared and faulted ser-. May yield small gquantities of ground water.
pentine and reTated ultramafic rocks. Hater may be hiahly mineral ized.
Granitic Rocks ? 4 Deeply weathered quartz diorite occurring Some ground water may be present in fractures.
at Bodega Head, The quality may be atceptable for domestic use.
e
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Table
SUMMARY OF WATER

Range of Range of Range of
Specific Total Total
Geolegic Conductance Hardness issolved SaTids
Formation Area Water Types {micromhos) (ma/1) (ma/1)
Granitic Rocks Bodega Head Sodium Chloride 452 73 268
Franciscan Formation } { Cloverdale Catctum Bicarbonate 1230 445 685
and
Great Valley Seguence Petaluma Sodium Bicarbonate 860 5 497
Dry Creek Conglomerate Canyon Road Calcium Bicarbonate 418 168 267
Petaluma Formation Petaluma Valtey Sodium Bicarbonate and 601-1490 90-261 335-826
Sodium Chloride
Sonoma Volcanics Sonoma and Sodium, Magnesium and ?11-559 74-139 108-315
Hayacmas Mts. Calcium Bicarbonate
Ohlsen Ranch Formation Annapolis Sodium Bicarbonate 71-343 14-86 64-228
Merced Formation Petaluma Calcium Bicarbonate 308-978 139-390 230-592
Sebastopol Sodium Bicarbonate 91-584 6-128 93-440
Occidental Calcium Sulfate 427 149 296
Glen Ellen Formation Santa Rosa Plain Sodium and Magnesium 214-484 29-164 197-322
Bicarbonate
Alexander Valley Sodium and Calcium 350-551 18-114 222-400
Bicarbonate
Huichica Formation Ramel Rcad Calcium Bicarbonate 1780 182 810
0ider Altuvium Sonoma Vatley Sodium, Magnesium, and 340-1040 30-202 169-610
Calcium Bicarbonate
Lower Sonoma Sodtum and Magnesium 455-7560 104-2460 318-4110
valley Chloride
Windsor Sodium Bicarbonate 246-318 73-78 227-243
Marine Terrace Deposits Salt Point Sodium Bicarbonate 460 126 260
Alluvial Fans Petaluma Valley Sodium, Magnesium, and 422-732 8-170 170-462
Calcium Bicarbonate
Santa Rosa Valiey Sodium and Magnesium 474-816 160-268 321-432
Bicarbonate
Kenwood Sodium Bicarbonate 35t 162 262
Younger Alluvium Sonoma Valley Sodium and Magnesium 401-923 28-226 217-574
Bicarbonate
Petaluma Valley Sodiuwm, Magnesium, and 340-927 24-354 232-570
Calcium Bicarbonate
Lower Petaluma Sodiem and Magnesium 5,260-25,250 630-8,862 3,060-15,272
Valley Chloride
Kenwood Sodium Bicarbonate 146 40 176
Laguna de Sodium Bicarbonate 363 104 264
Santa Rosa
Russian River Sodium and Magnesium 312-439 86-208 191-230
Bicarbonate
Lower Russian Sodium Chloride 9,400 1,060 5,400
River
Lower Salmon Creek  Sodium Chloride 342 208 206
Dry Creek Magnesium Bicarbonate 282-324 105-138 181-203
Alexander Valley Calcium Bicarbonate 317-385 151195 189-195
Sand Deposits Bodega Head Magnesivem Ehloride 605 170 333
Bay Mud Deposits Lower Petaluma Sodium and Magnesium 2,060-4,010 294-1,270 1,130-2,520
Valley Chloride
Lower Sonoma Sodium Chloride 1,940-2,897 350-443 1,150-1,557

Vatley
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QUALITY CHARACTERISTICS

Range of CQonstituents (mg/1) Range of
Sodium
Na* HCO4™ - F NO5~ B : Percentage : Remarks
56 36 80 0.2 32 0.1 63 Spring-fed pond, abandoned nuclear power plant site
41 612 9.3 0.2 0 0.7 16 Alderglen Spring
185 318 60 1.7 0.4 0.8 99 Li = 0.05
20 188 7.9 0.6 i} 0.1 20 As = 0; Li = 0,02
95-256  245-494 48-264 0.1-0.4 0,1-16.0 0.13-0.79 58-79 As: 0.0-0.03; Li: 0.03-0.06
7.4-75.0 126-260 2.3-46.0 0-0.5 0-11 0-0.54 14-59 As = 0; Li = 0,08
7.3-30.0 25-82 6.6-32/0 0.2-0.9 0-0.1 [ 35-50 As = 0; Li: 0-0.06
11-40 163-240 9-130 0.2 1-27 0-0.12 14-18 Fe = 0.01-2.9
15-136 28-244  12-44 '0-0.3 0.5-5.1 0-1.5 40-98 As=0; Pb=0; Mn: 0-0,01; Li: 0-0,01; Fe: 0.14-D.5%
2.5 0 16 0.2 0.1 0.3 26 Fe = 2.2; Mn = 0.32
18-31 116-150 7-4% 0.1-0,2 0.¥-30.0 0.08-0.63 21-64 Fe = 0.04
32-118  206-287  15-33 0-0.8 0.5-0.8 0.12-0.32 37-91 Fe = 0,12
309 588 188 0.3 4.4 1.6 7 As = 0.01; Li = 0,04
10-172 128-366 2.4-134 0-1.2 0-47 0-1.4 29-87 As=0; Fe: 0-0.1; Mn=0.03; Li=0,04
49-585 0-90 86-2600 0-0.2 2-10 0.06-0.1 34-50 Affected by sea water intrusion
23-32 110-157 17-22 0.2-0.3 0-1 0.43-1.4 39-44 As=0.02; Pb=0; Fe=0.33; Mn=0.97; Li=0,05
38 132 62 0.1 1] 0 39 As=0; Li=0.02
. 25-182 164-391 20-63 0-0.7 0-1 0-0.81 24-98 Fe: 0-0.1
41-57 222-329  25-58 0.1-0.2 0.1-21 0.07-0.33 32-35
LT 210 1 0.1 0 0.1 47
20-211 204-488 1.5-71 0.1-0.5 0-1.5 0.21-4.4 16-94 Fe=0,10; A1=0_02; In=0.00%
17-205 164-487  13-76 0-0.32 0,4-33 0-2.2 21-95 Fe = 0,02
925-2,480 122-506 1,360-9,420 0-0.5 1-15 1.01-2.5 38-76 Affected by sea water intrusion
14 79 1.8 0.2 0.2 --- 39 Fe = 0.17
37 176 30 0.2 o 0 43 Fe = 0,02
B.8-30 156-243 8.4-14 0-0.1 0.8-5.5 0-0.5 8-41 Fe: 0.1-2.2; Li=0
1,620 165 2,920 0.1 3.8 0.13 75 Fe = 0.2; affected by sea water intrusion
32 76 48 [ 12.0 1.4 46 As=0; Fe=0.02; Pb=0; Mn=0; Li=0
B.6-22 134-164 9-16 0-0.1 o-10 0.05-0.14 13-31
8.5-10 170-218 5,8-8.4 0-6.1 0.8-16 0.18-1.8 9-13
45 29 122 0 42 0.04 36 Fe = 0.02
333-368 531-572 381-1,000 0.2-0.6 2.5-13 0.27-0.92 36-70 Affected by sea water intrusion
298-428  369-597 321-65§ 0-0.4 17-20 2.0-2.11 64-67 Affected by sea water intrusion
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Table 3

SUMMARY OF YIELD CHARACTERISTICS OF SELECTED WELLS

; Number of ; : . Range of . : R . Range of
Geologic : Selected : Range of ; Range of ; Range of Specific_, . Range o{ ; Range of , Range of . Range of . Specific  : Range o{
Formation : Wells Depth . Discharge ; Drawdown : Capacity®’ .  Yield 2/ . Depth .Discharge . Drawdown . Capacityd/ . Yield b/
. {feet) . (gpm} (feet) . (gal/min/ft) . (gal/min/ft) ; {meters) . (i/min) . (meters) . (1/min/m) {1/min/m}

Jura-

Cretaceous 27 20-257 0,2-68 13-135 - 0.31-1.5 6-78 0.7-257 4-41 -— 2.1=19
Pry Greek

Conglomerate 1 50-341 20-60 15-105 . 0.12-1.1 15=-104 76-227 5-32 - 1,614
Tertiary Marine

Sediments 8 124-300 0.2-37 74-265 - £.001-0.33 38-81 0.7-140 2381 - 0.1-4
Petaluma

Formation 42 50-739 5-739 5-306 10-415 0.01-2.0 15-226  19-2,797 3-126 8-210 0.1-25
Senoma

Volcanics 33 128-1005 1.7-345 0-800 - 0.004-26.2  39-306 8-1, 306 6-244 - 0.06-324
Merced

Formation 49 62-480  20-1000 10-150 —— 0.1-5.0 15-146  76-3,785 3-4¢ - 1-823
Ohlson Ranch

Formation 5 90-1497 3-36 30-125 - 0.02-1.8 27-€0 11-736 9-38 - a.2-22
glen Ellen

Formation 42 50-452 3-500 1-210 3.7 0.1-50.0 15-138  11-1,893 0.3-64 462 1.2-62¢
Huichica

Formation 5 175-543 10-100 50-250 - 0.04-1.1 53-166 28-379 15-76 - g.5-14
Older

Alluvium 13 68-280 7-70 5-90 - 0.1-3.2 21-85 26-265 1,.5-27 - 1-4¢0
Terrace

Deposits 12 48.125 12-8G0 1-60 - 0.2-133.0 15-38 45-3,028 0.3-18 - 2,.4-2,178
Alluvian Fan

Deposits 23 45-292 5-1000 6-170 - 0.1-14.7 14-89 13-3,785 1.8-52 - 1.2-210
Younger

Alluvium 66 19-2% 4-2000 1-180 -- 0.3-40.9 6-89 16-7,671 0.3-55 -— 3,6-510
Landstides 2 175-200 40-50 0 -- -- 53-61 151-1,893 0 -- -
Stream Channel

Deposits 23 18-17%  110-3300 0.2-28 nrz 9-452 5-52  416-12,491 0.1-8 1,452 111-5,810
Bay Mud

Deposits 1 30 1 19 - 0.1 g g [ - 0.67

a/ Based on pump test data,
b/ Based on bailler test data,

meter of saturated materigls.
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Reported as gallons per minute per foot of drawdown and Iiters per minute per meter of drawdown.
Reported as galloms per minute per foot of saturated materials and liters per minute per
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HAPTER III. WATER SUPPLY SYSTEMS

stems in Sonoma County are of two basic types:
rvice connection systems served by surface and/or
nd (2) individual domestic wells. The first type
low; the latter type is discussed in Chapter V.

County had a population of 204,885, Of this

or 48.5 percent, lived within the boundaries of
ties and thus received piped water. Each of the
ted cities in Sonoma County operates its own

system. The total number of municipal service
these systems is 37,669, and the total annual

these eight systems exceeds 20,000 acre-feet
tometers). This demand is met with ground water
urface water provided by the Sonoma County Water

ercial water companies operate in the county.
pm large municipal operations,
0 service connections, to small systems having less
¢ connections. The commercial systems rely prineci-
d water, although some surface water is used; their
sater demand is nearly 4,000 acre-feet (4.9 hm3).

systems have a total of 3,733 service connections.

112 other water systems in the county. These
plic utility district, three county water districts,

er systems, 68 mutual water companies, and 50 mobile
ems .

ater systems in Sonoma County, except the mobile
ems, are presented on Table 4, Data for the moblle
ems are presented on Table 5. Figure 8 shows the
nposed service areas for all water systems having

b0 service connections. Also shown on the figure
ons of all small water systems {(those with less than
nnections), as well as all mobile home park systems.
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Table 4
WATER SYSTEMS IN SONGMA COUNTY -
H : : : Annual : Storage :  Annual
H B H ¢ Number of ; Storage : Demand : Capacity : Demand -
: Indext! : : i Service Source : Capacity : {(midlion : (ewbic : [cubic
Name - : Number - Type.g"' H Area Served : Connections : of Water i {galTons) : galloms}: meters) : meters)
Alexander Valley Acres Mutual 1 1 Alexander Yalley 4 Well & Russian 20,000 - 78 -=
HWater Co. River
Armstrong Yalley Water Ca. 2 Guerneville 286 Wells 60,500 2703/ 228 1f -
Athena Terrace Mutual Water Co, F4 1 Forestville 23 Hell 24,000 - a1 .=
Austin Acres Mutual Water Co. 3 1 Austin Creek 26 Well Prassure - - -—
System
L]
Austin Creek Mutual Water Co. 4 1 Austin Creek 7 Well 1,200 -- 1.8 -
Blocks 1 & 2
Austin Creek Mutual Water Co. 5 1 Austin Creek 18 .- —-— - - -
Blocks 3 & 4
5
Austin Ureek Mutua) Water Co. 6 1 Austin Creek 19 Well 3,000 - 12 - -
Blocks 5 & 6
Austin Creek Mutual Water Co, 7 )] Austin Creek 3 Well - - -- --
Bleck 8
Austin Creek Mutual Water Co. 8 1 - 2 — —— - - — -
Block 10
Austin Creek Mutual Water Go, 9 1 Austin Creek 5 Well Pressure - -- -
Blocks 11 & 12 System
Austin Creek Mutual Water {o. 10 1 Austin Creek 20 Well 1,000 - 4 ==
Blacks 13, 14, & 15 -
Austin Creek Mutual Water Co. 1 1 Austin Creek 15 Well Pressure -— - —
Blocks 17, 18, & 1% System
Austin Creek Mutual Water Co, 12 1 Austin Creek 114 well Pressure -- - -
Blocks 20 & 21 System -
Austin Creek Mutua) Water Co. 13 1 Houth of Austin 27 Well £0,000 - 159 -
Creek
Selglen Mutual Water Co. 14 1 Sebastopo? 16 Well -— - - -
Belmont Terrace Mutual Water 15 1 Sebastopol :13 Well 40,000 - 151 - -
{o.
Bennett Ridge Mutual Water Co. 16 1 Bennett Ridge 45 2 Wells 70,000 -- 265 -
Black Mauntain Conservation 36 3 Black Hountain 7 Springs --- - - -
Camp Camp
-
Bloomfield Mutual Water Co. 17 1 Sebastopoi 6 Well Pressure - - -
System
Bodega Bay Publsc ttilities 4 Bodega Bay 279 Wells 250,000 - 246 -
District
Bohemian Grove Water System 3 Bohemian Grove 175+ wells 500,000 - 1,883 - -
Boucher Water System 19 k] Ciaverdale 30 Well & Springs 65,000 -- 246 -
8rand Water Co. 20 3 Santa Rosa 32 2 Wells 40,000 -- 157 -
Branger Mutual Water Co, 23 1 Bennett Valley 74 Hells 50,000 -- 188 - -
Bressie Water System 22 2 Mirabel 130 2 Wells 30,000 -- 1i¢ --
Bressie Water System 23 2 Salmon Creek 80 Wel) 32,000 -- 121 -
Bressie Water System 24 2 Jenner 1ns Reservoir 30,000 . ii¢ - -
Bridgehaven Resort 25 3 Bridgehaven 10 Springs & - -- - -
Creek
California State College, 3 State College ——— vells 4,200,000 -- 15,900 -
Sancma
Camp Meeker Mater System, Inc. 2 Camp Meeker 355 Wells 154,000 -- 563 -- -
Camp Thayer 26 3 Austin Creek 2z Well 10,000 -- 38 -
Cannon Manor Water Service 18 3 Petaluma Hill Road 18 We3il 30,000 -- 114 --
Carmet-by-the-5ea Mutual 28 1 Carmet-by-the-Sea 72 2 Springs 60,000 - 228 -
Water Co.
Case and Wolf Water System 27 3 Wrights Beach 1t ---
&
fazadero Water Co. z Cazadero 145 Wells 134,000 2103/ 07 a.78X10
Chapultepec Mutual Water Corp. 30 1 Lichau Road U Present 2 Wells Pressure - - - -
25 Maximum System
Citizens Utilities Co. of Calif, so7 &
Guerneville Division 2 Guerneville, tonte 3100 Wells, Springs 134,000  100¥ 0. 38420
Rio, Guerneville
Park, Rio Nida, -
Vacation Beach,
Villa Grande,
Montesano .
Larkfield Givision H Larkfield 633 Welds, scwAs/ 235,000 182 a9 0. £9X10
L__J
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Name
— 7

College Park Mutua) Water Cq,

Clover Cresy Water Co]

Cloverdale Water Department
Cotati Water Department

Creekwgod Acres Water ervice
Diamond A Mutual water Co.

Dusche water Co,
End-D-VaHey Mutual watdy o,

. Fairview Court Mutya) Water Co.
Fir Crest Mutual Water .

Fitch Mountain Water Supyly

Forestville Lounty Water Pistrict

Fort Ros
Water

S Highlands Mutug
Co,

Franz Hily Mutual Water (q,
Freestone Mutual wWater Co.
Garfiely Hater System
GeyserviTle Water Workg
Gill Creek Mutual Watey Lo,
Hacienda watep Co.
Happy Acres Water Co.
Haub Heights Mutya) Kater (g,
Aawkins Water Servire
Hea]dsburg Water Dept,
Heights Mutual Water Co.

Hess & Bﬂlway Water System

Hiatt Mutyay Hater (g,
Hilton Mutyar Water Cq,
Holiand hts . Mutual water Co.
Hollydala Mutual Water Co.

Hopkin Water System

Hucke?berry Heights Mutya)
Hater [g.

Jaylee Heights Mutual Watep Ca,

Kashva Ingign Reservation
Hater Cg,

Kelly Mutua) Water Cp,
kenwood Mutual Water Co.
Lancaster Water (g

Larkin Wopgs Mutuat water (o,

Lawndale Mutval Water Co.
Lichay Hylands Mutuval wage Ce,
Loch H.aven Mutual Water Co.
Lower Magic Mountain Water Co.
Madrone Mutyai Water Co,

Magic Mountain Water System
Marine Cooks ang Stewzrds Schog)
Mark West Acre Mutwal Water Ca,

MeFarren Water Co,

‘___—___;————____'___

Indext! | :

Number . Typazs !
32 1
3 3
5
5
33 3
32 1
35 3
37 1
38 T
39 1
5
B
40 1
4] 1
42 H
43 3
' 2
42 1
2
45 3
46 1
47 3
5
49 1
48 3
50 1
51 1
52 1
53 i
bq 3
55 1
56 1
57 3
58 1
29 1
59 3
60 h
[ 1
62 1
63 i
64 3
65 1
13 2
129 3
067 -1
68 3

Table 4

Area Seryed

Cold Springs Ra.
Cloverdale

Cloverdale

Cotati

Cazaderp

Diamond A Estates

Cloverdale Rancheria

Rincon Valley

Petatuma
SebastopoI
Fiteh Mountain

Forestville

Seaview Rnad

Franz Valiey Road
Freestone

Porter Crepk Road
Seyserville
Geyseryille

Hac iends

Stony Point Road
Healdsburg

Santa Rpcy
Heaidshurg

Santa Rosa

Santa kosa

Cloverdale
Hilton Resgry
Forestviite
Forestyilie
Sonema Ht, Road

Cazaderg

Santa Rosa

Kashia Reservation

Sebastopo)
Kenwood
Santa Rosa

Forestyvilie

Kenwngd
Lichau Rpad
Porter Creek Road
Cazaderg

Cotati

Cazagerg

Parter Crpeg Road
Mark Mest Acres

Kenwood

MHM

39

(continued)

humber o
Service

1200

662

12

19

30

42
325

400
42

3-8

[R5
107

2035

20
32

a4z
111

30

20
23
115

49

18

—_—

f

Connectiong i

Source
of Water

Weli

87,000

: Amnual . Storage . Annual

! Storage - Demand Capacity ; Demand
i Capacity - {mi1tion : {cubic ~ | {cubic

{9allons) : gallons): meters) - meters)

328 -
Cloverdale 8,000 -- a0 —
Water Dept,
Wells 770,000 212 2,818 8.8x105
scwads 105, 000 29 g8 o, 1x10°
Spring 12,000 -- 45 -—
2 Wells 80,000 - 303 o
2 Wells Pressure - -- -
System
Kell Pressure -= g -
System
2 Wells 15,000 - 57 --
Weils, City of 76,000 - as8 —
Hea]dsburg
SCwAY/ 760,900 -- 2,850 —
Reil e - — —
Well 15,000 - 57 -
Spring 100, 000 - 378 -
Wei? 15,000 .- 57 . -
Helis 75,000 -- 283 —
wWell, Spring 30,000 -- i14 -
Wells 55,000 - 208 -
Well 0,000 -- 8 -
Well 10,000 - 28 -
Wely _—— - - .
Welis 4,574,000 - 17,314 -
Hell 42,000 - 159 -
2 Wells Pressure -- - -
System
Z Kails te,o00 - 45 -
4 Wells 55,000 -~ 208 -
Hel? 20,030 - 7€ -
Springs 5,000 -- I8 .-
Well 50,000 - 189 o
Well 15,000 - 57 -
Well 30,000 - 114 —
Well 10,000 - 38 .
Wen 30,000 .- 114 -
We Tl Pressyre - e -
System
SCWA 25,000 -- £ -—
Wet) 36,000 -~ iig -
2 Wells 10,000 . 38 .
Weli
Well 35,000 - 136 -
Well 30,000 - 114 —
Welle - - - _—
Well
Well Pressyre b - ==
System
—I—R‘_-—__‘__




— COUNT T

{1
3

LEGEND

d Major Woter Systems ! ;
Existing Service Areo cmwsmmaq&,mcf 5
™ g
. o271 .
Major Water Systems G e
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Table 5 .

MOBILE HOME PARK WATER SYSTEMS

Name !;l‘z?i" Location : Carsv:::::.;sns u?::i:r : ”(ga'l'ico::?rgse:_c?%:ﬂ:ymters)
Western Mobile Home Park 1 Santa Rosa 67 Z Wells 15,000 6.8
|3} Crysté'l Trailer Park 4 Santa Rosa 56 Z Wells Pressure System
Hooker Oak Trailer Court a Sonoma 28 well Pressure System
Mt. Taylor Trailer “ark 4 Santa Rosa 19 Well Pressure System
Journey's End 5 Santa Rosa 100 4 Welts 25,000 94,5
One Mile Inn [ Petaluma 5 Well Pressure System
Shady Rest Trailer Park 7 Sebastapol 86 Wel) -- --
Penngrove Trailer Park 8 Petatuma n Penngrove Mutual Water Company
Sunset Trailer Park g Santa Rosa 43 Well Pressure System
I}urth Star Trailer Park 10 Santa Rosa 76 Well Pressure System
Royal Mobile Marmor 1 Santa Rosa 79 2 MWells -- -—
Capri Mobile Villa 12 Petaluma 69 2 Wells 10,000 3r.e
Raseland Mobile Home Park 13 Santa Rosa 68 Well Pressure System
The Trailer Corral 14 Santa Rosa 83 Well 1,000 3.8
Pine Hil3} Terrace Mobile Home Park 15 Sebastopol 20 well 2,000 7.6
Mobile Home Estates 16 Santa Rosa 139 Z Wells Pressure System
Plaza Mobile Home Park 17 Santa Rosa 50 2 Hells Pressure System
Acacia Grove Motel & Trailer Court 18 Soncma 70 well 1,000 3.8
Pocket Canyon Cabins 19 Farestville 7 Well Pressure System
Wayside Gardens Mobile Home Park 20 Santa Rosa 49 2 Wells 15,000 a6.8
Redwood Village Mobile Trailer Court 21 Santa Rosa 66 2 Wells Pressure System
tamplighter Mobile Home Park 22 Santa Rosa 109 Well 12,000 45,4
#elody Inn Trailer Park 23 Santa Rosa 8 Welt Pressure System
Colonial Park 24 Santa Rosa 190 Well 10,000 3r.9
Ranchito Mobile Home fstates 25 Santa Rosa a2 Well Pressure System
8lue Spruce Mobilte Home Lodge 26 Sebastopo!? a7 2 Wells 4,000 6.1
Timber Cove Boat Landing 27 Jenner 4 Well Pressure System
Lucas Park 28 Santa Rosa i Well 500 g
Lancelot Mabile Home Park 29 Santa Rosa 27 Well -- --
Windsor Mobile Country Club 30 Windsor 200 2 Wells 23,0060 87.1
School Kouse Canyon Camp Ground 31 Guerneville 5 - == ==
0dd Fellows Recreaticn Club 32 Guerneville 44 -- -~ -
El Portal Mobile Estates 33 Santa Rosa 122 2 Wells 20,000 ?5.7
Moonlight View Mobile Home Park 34 Sonoma 7 City of Sonoma - b
Martini's Mobile Estates kLS Santa Rosa 107 Wetl ) Pressire System --
Marsh Acres 36 Sebastopol 3 == - -
Cloverdate KOA Campground 37 Cloverdale 98 2 Wells == -
Stonegate Mobile Home Park 38 Santa Rosa 60 2 Rells Pressure System =
Ramsey's Park 3% 8 Wetl Pressure System ==
One Gak Mabile Home Park 40 Sebastopel 6 -~ == -
Rancho de Sonoma 41 Sonoma 9% Artesian Well Pressure System ==
Evergreen Mobile Park 42 Windsor 24 2 wells Pressure System --
Santa Rosa Mebile Manor 43 Santa Rosa 50 == == -
Rancho ¥ista Mebile Home Park a4 Fetters Hot Springs 123 City of Sonoma == -
LittTe Moods Mobile Home Park 45 Petaluma Hells e -
Gilmore Park 46 Cotati -- -- -
Sequoia Gardens 47 Santa Rosa 15 - 1N well == -
The Country 43 Santa Rosa Well -- s
Ranche Cabeza Mobile Home Park 49 Santa Rosa Well e ="
Rincan ¥alley Mobile Home Estates 50 Santa Rosa Well - -

_l_.’ Location shown on Figure 5.

yh



CHAP

Sonoma County,
contains both
by individual
those such as
service connecg
per day (2,835
Santa Rosa, wh
ment plants wi
Table 6 presen
sewer systems
these systems.

1t long has be
(that part of
able for the c¢
field systems.
this view. On
tion is to use
septic tank pr
prohibited.

As part of the
in Sonoma Coun
areas were obt
Table 7 presen
the locations

To augment the
at 33 location
total coliform
areas were sel
face water hav
usually two sg
poliution to e
downstream to

was taken on t
Figure 10); th
of' coliform of
on the same st
24,000, indica
the Bloomfield
failures could
of total colif
an MPN in exce
locations of ¢
form at each s

TER IV. SANITARY WASTE DISPOSAL SYSTEMS

being a combination of urban and rural development,

municipal sewage treatment systems and homes served

septic tanks. The municipal systems range from

the Windsor County Water District, which has 2,320

tions and a treatment plant of 0.75 million gallons
cubic meters per day) capacity, to the City of

ich has 17,500 service connections and three treat-

th a total capacity of 9.67 MGD (36,600 m3/4).

ts data on all of the public and private sanitary

in the county; Figure 9 shows the locations of

en suspected that much of rural Sconoma County

the county not served by sewer systems) is unsuit-

onstruction and operation of septic tank and leach
Soils data developed by Miller (1972) support

e of the principal aims of the current investiga-
these soils data to ldentify rural areas where

oblems exist, and where such systems should be

data developed regarding septic tank practice

ty, reports documenting 14 septic tank failure
ained from the Sonoma County Public Health Service.
ts data on the documented septic tank failures;

of the failure areas are shown on Figure 10.

failure data, surface water samples were collected
s throughout the county and were analyzed for

by the County Public Health Service. Sampling
ected on the basis of the probability of the sur-
ing become polluted by failing septic tanks, and
mples were taken, one upstream of the potential
stablish a "background" coliform count, and one
identify any pollution. For example, a sample

he unnamed stream just north of Bloomfield (see

is sample showed a Most Probable Number (MPN)
7,000 per 100 milliliters (ml). A sample taken
ream just south of Bloomfield showed an MPN of
ting a probability of septic tank failures in
area. Although a certainty of septic tank

not be determined based solely on the presence
orm, it is suspected that samples which showed

ss of 1,000 indicated some degree of failure. The
he 33 sampling stations and the MPN of total coli-
ampling station are shown on Figure 10.
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SANITARY SEWER SYSTEMS

Table 6

Treatment Plant

. Capacity
: : Number of MiiTion : Tubic
: : Service Gallons : Meters
Name : Area Served : Type Connections per Bay : per Day
Black Mountain ]

Conservation Camp Camp Private 6 0.002—/ 7.6
California State 2/

College, Sonoma College Private - ~ -—
City of Cloverdale Cloverdate Municipal 1,38¢% 2.0 7,570
City of Cotati Cotati Municipal 430 2/ -
Forestville County County

Sanitation Dist. Forestville District 50 0,082 310
Fulten Processors, Fulton Packing 3/

Inc. Plant Private 1 0.2 = 757
City of Healdsburg Healdsburg Municipal 2,090 2.0 7,570
Los Guilicos School School Private 40 0.1 379
Marine Cooks and

Stewards School School Private 40 0.2 757
Occidental County County

Sanitation Dist, Occidental District 50 0.05 189
City of Petaluma Petaluma Municipal 9,500 3.0 11,355
Rio Linda Academy School Private 40 1.5 3/ 5,678
City of Rohnert Park Rohnert Park Municipal 3,200 1.5 5,678
City of Santa Rosa Santa Rosa Municipal 17,500 9.67 36, 600
Sea Ranch County County

Service Area #6 Sea Ranch District 234 0.034 128
City of Sebastopol Sebastopol Municipal 1,520 0.7 2,650
Skaggs Island

Naval Facility Naval Station Federal 91 0.144 544
Sonoma County Airport Airport Municipal 15 0.08 302
Sonoma Valley County Sonoma, E1 Veranc, County

Sanitation and Sewer Boyes Springs, District

Maintenance District Agua Catiente, 5,650 1.5 5,878

Temelec
South Park County South Santa Rosa County 4/

Sanitation Dist. District 2,860 =
U. S. Coast Guard

Training Center Two Rock Ranch Federal 150 6.19 121
Wikiup County Water Larkfield- County

District Wikiup District 130 0.3 384
Windsor County Water County

District Windsor District 2,320 0.75 2,835

1/ Septic system.

2/ No treatment plant; delivers to Rohnert Park system.

3/ Oxidation ponds.

§] No treatment plant; delivers to Santa Rosa system.
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Table 7

DATA ON SEPTIC SYSTEM FAILURESY

H : Humber of : H H :
: Date of : Septic Systems : Satfsfactory - Questionab]ehf: Malfunctiont! :
Area Location : Failure :  Inspected : Na, % . H i Remarks

Middie Rincon Road

Assessment Dist. Rincon Yallay 4-1911 3] 26 42,5 [ 10,0 29 47.5

kdgewood Farms Rincon Valldy 241966 He 1% 1z 16 15 15 4

Bodega Bay Bodega Bay 11-1872 238 176 n.s - - 68 28,5 Effluent flows into Bodega Bay.

Salmon Creek Salmon Cree} 11-1972 81 63 7.8 - 18 22.2 Effluent present in roadside ditches.

Hollard Heights Bennett Valley 1-1972 10 51 50,8 1N 10.% 3% 3.6

Lake Street {loverdale 4-1970 25 12 48 3 12 16 40 Probably 1001 failure rate during winter.

Windsor Windsor 1961 388 202 52.1 ~ - 186 47.9

South Edisen St. Graton 2-1965 n 6 16.1 - - 26 82.9 71% of wells sampled showed presence of
cnliform.

Gratan Graton 2-1972 148 a5 30.4 - - 103 65.6 50% of wells sampled showed presence of
coliform. 11 surface water samples
showed presence of coliform,

Glen ElTen Glen Ellen 4-1967 50 34 68 - - 16 32 Effluent flows into Sonoma Creek.

Glen Eflen Glen Eljen 10-1972 260 161 61.7 43 16,7 56 21.6

Fircrest Avenue Sebastopol 1969 21 19 96,5 - - 4 9,5

Belmont Terrace Sebastopo) 2-191 44 23 53 3 [ 18 40

Rinconada Avenue Rincon ¥alltay 1966 57 33 62 ? 1 22 a7

Montecito Avenue Rincon Validy ¥971 229 a8 82 15 7 26 1t

Penngrove Fenngrove 1971 % i n - - 87 a3

a/ Data from Scooma County Health Service,

b/ Questionabdle:
€/ Malfunctian:

Evidence of prd
Sewage observed

To determine wi
operated, and 1
and topographi
Physical facto]
and presence o]
septic tanks ail
distance to pr¢
of water also :
The physical £
determination ¢
on a particulal
range from ally
soils; each hajg
criterion for t
bility groups

the ability of

if a so0il is of

tvious sewage observed.
en surface of ground.

Malfunction prebably occuts after periods of heavy rain and/or heavy use.

Septic Tank Acceptability

hether septic tanks can be efficiently constructed,
naintained in a given area, a knowledge of the soil
t characteristics of that area is essential.

rs, such as soil type, soil depth, ground slope,

I' ground water, have bearing on the siting of

nd leach fields. Directional factors, such as
bperty lines, cuts, fills, water wells, and bodies
are important., ;

actors are, perhaps, the most critical in the

1s to whether a septic tank system can be placed
r parcel of property. The soils in Sonoma County
uvial valley and basin scils to residual mountain
3 1ts own unique physical characteristics. One

the division of soils into septic tank accepta-

1s that of permeability, which 1s the measure of

the so0il to absorb and transmit fluids. Obviously,
such low permeability that it cannot absorb fluids,

2
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it is totally unsuitable for the placement of a septic tank system.
Conversely, solls with a rate of percolation of up to 60 minutes
per inch (mpi) or 25 minutes per centimeter (m/cm) have adequate
permeability to accept and transmit effluent.

Because of the eritical nature of the percolation rates of solils,
it is important that percolation tests be performed correctly.
Tests should be carried out during the most adverse time of the
year (during a time when soils are wet and standing water is at
its highest level).

hY

Septic Tank Percolation Tests

A septic tank percolation test measures the rate of drop of the
level of water in a test hole excavated into the area of a pro-
posed leach field. Thus, the rate of drop of the water level

is related to the percolative capacity of the soil in the proposed
leach field area. Standards of percolation test hole construction
and testing have been established by the Sonoma County Public
Health Service. These standards are presented in Appendix E

to this bulletin.

Septic Tank Siting

The depth of soil cover is important for a leach field system
because there must be sufficient soil mantle underlying the

leach field area to filter and purify effluent. A great number
of the bacteria contained in sewage effluent are effectively
removed by downward percolation through several feet of soil.

The removal process involves mechanical and bioclogical straining
(a result of soil clogging) and/or destruction by environmental
changes (scil defense mechanisms). Scil clogging is the increase
in physical resistance to flow and generally occurs within the
first six inches (15 ecm) of soil near the leach line. Soil
defense mechanisms occur at a greater distance and involve the
destruction of harmful bacteria by: (1) the latter's inability
to adjust to changes in temperature; (2) oxygenation and nitrifi-
cation; and (3) destruction by naturally-occurring soil bacteria.
Thus, water of a bacterial quality suitable for drinking purposes
"can be obtained after passing coliform-laden effluent through a
thickness of soil which is dependent on soil structure and condl-
tions. Furthermore, coliform can be effectively removed from
effluent even if the se¢il is a fairly coarse-gralned dune sand.
Experiments illustrating this latter fact were conducted by the
University of California, Sanitary Research Engineering Laboratory
(1955) who reported that coliform was reduced from 70,000 to 700
after percolation through 12 feet (4 m) of dune sand.
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In view of the above depth requirements, soils which are less
than five feet (1.5 m) deep, this is, two feet (0.6 m) deep
below the invert of g 3~-foot (0.9 m) deep leach line, are un-
suitable for |the placement of a septic tank and leach field.
In contrast, |as the soil gets progressively deeper, it becomes

more acceptable; the most ideal depth of soill for septic tanks
is that in exXcess of 22 feet (6.5 m).

The ground slope 1is extremely important with regard to septic

tank siting.
a possibility

the leach line and emerge on to the ground surface.

If slopes are greater than 30 percent, there is
that untreated effluent may move laterally from

The effluent

then could move downslope onto adjacent property, pond at the

base of a cut

slope, or run into a body of water, Furthermore,

slopes steeper than 30 percent could be subject to sheet erocsion,

which might wash out a leach line.

distance from
is 10 feet (3

Hence, if the horizontal
the bottom of the leach line to the ground surface
m) or less, the land is too steep for a septic

system to opepate efficlently.

The depth to ground water is a vital factor in siting septic

tanks because

without adequate filtration in the zone of aeration

(above the water table), septic effluent could enter the ground

water body ang
fecal Bacillus

spread down gradient. Romero (1970) reported that
coli and other pollutants travel as a thin sheet

on the surfacd
This sheet car

— T

of the zone of saturation (the water table).
spread down gradient, and Bacillus coli has been

reported as far as 80 feet (24 m) from the source of pocllution.
Thus, in order to provide a sufficient depth for filtration, the
minimum seasonal depth to water must be not less than 5 feet

(1.5 m) below

the leach line invert, or 8 feet (2.4 m) below

the ground surpface.

Soills Classiri

cations for Septic Tanks

Using soils da
in Sonoma Coun
permeability,
high water. T
tank acceptabi
was further su
acceptability
Table 8 presen
septic tank ac
each group and
of each septic

ta developed by Miller (1972), all of the soils

ty were classifTied according to their respective
slope, depth to rock, and minimum depth to seasonal
he classification resulted in three basic septic
lity groups being identif'ied; one of the groups
bdivided into three subgroups. Each septic tank
group and subgroup is briefly described below.

ts the relationship of each soil series with its
ceptability group; Table 9 shows the total area for
subgroup. Plate 2 shows the general areal extent
tank acceptability group. For specific septic

tank siting, the soils maps at a scale of 1:20,000 in the report

by Miller (197

?) are recommended for use in connection with data

on Table 8 in this bulletin,
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Table 8 (Continued)

i
RELATION OF SOIL SERIES YO SEPTIC TANK ACCEPTABILITY™

Depth to Depth to Rock ar )
Sortes?/ symbo1?/ D FTy Ao e R S T Y cat ior
: 8-25 mfem ; 25-88 m/om <30% : »30% : »2.dm ; 0.8=2m : »Im
Sobrante Shi X X X X X PR
Sepbrante ShF, ShG X % % x X u
Spreckles SkC, SkD, SkE, X X X u
SkE2
Spreckles SkF X x X U
Steinbeck snC, $nD, SnD2, X X % X X PR
Snk, SnE2
Steinbeck SnF, SnF2 X X H x x u
SEunyford S50f, Sob, SrG x X x X u
Supan SsG x X x X u
Suther StE, Stiz X X * u
Suther StF, SuF, SuG x X x u
Tidal Marsh TmA X X u
Toomes Tok X X X x u
Toomes ToG * H % X U
Tuscan Tul, Tuk x X U
Wright WgC, WhA, WmB, X * L
WoA
Yolo Y1A, YnA, YrB, x X 3 X X P
YsA, YtA
Yoln YmB, YoB X X x x * U
Yorkville Yuk X X x U
Yorkyille YuF, YvF, YwF, X X % u
YwG
Zamora Zah, IaB X X 3 X U

T/ Seil

A
[
R

PR

u

Aeceptable soils.

Potentially acceptable spils - Permeability constraints may be present.
Potentially acceptable spils - Seil depth constraints may be present,
Potentially acceptable seils - Permeability and soil depth constraints may be present.
Unacceptable soiis.

4/ Subject to flooding.

1/ Interpretation of soils data from Miller, ¥. C. (1972), "Soil Survey of Sonoma County, California”,
2/ See Miller, V. C. (1972).
classification:
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Table 9

SEPTIC TANK ACCEPTABILITY GROUPS

Percent of
Group and Area Total Area
Subgroup {Acres) (Hectares) of County
Acceptable soils 6,255 2,531 0.61
. Potentially acceptable
soils 67,118 27,162 6.64
Permeability
constraints 16,600 6,718 1.64
Soil depth
constraints 1,818 736 0.18
Permeability and
soil depth
constraints 48,700 18,708 4.82
Unacceptable soils 937,817 379,535 92.75
Total 1,011,190 409,228 100.00

Acceptable Soi

l1s

Some 6,255 aci
the total ares
acceptable chg
and leach fiel
series and hat

(2 to 25 m/cm).

the Noyo serid
percolation rg
ported that €
from 29 to 53
ranging from 4
rock, and dept
soils of this
of this subgrg
are less than

res (2,531 ha) of Scnoma County, or 0.61 percent of
2 of the county, are underlain by scils with generally
wracteristies for the placement of septic tanks

lds. These solls belong to the Baywood and Cortina
re percolation rates which range from 5 to 60 mpi
The remaining scils of this group belong to

*S. Although these latter scils generally have a
ite less than 60 mpl (25 m/cm), Miller (1972) re-
1is scil serles has a clayey zone at a depth of
inches (74 to 135 cm), which has a percolation rate
00 to 600 mpl (80 to 240 m/cm). Slope, depth to

th to water are all in the acceptable range for
subgroup. Septic tanks can be placed on solls

up 1f on-site tests prove that percolation rates

60 mpl (25 m/cm).
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Potentially Acceptable Scoils

Many of the valley and upland soil types of Sonoma County are
potentially acceptable for leach fields. Because of a lack of
detailed solls data, all of these solls have been grouped as
potentially acceptable, because thelr characteristics range

from those in the acceptable range to those that are unacceptable.
Final determination of the acceptability of any soils in this
group will depend on detalled on-site field analysis on a case-
by-case basis. The soils of this group have been subdivided

into the following three subgroups:

Al

Permeability Constraints. The soils of this subgroup underlie
16,600 acres (6,718 ha) of valley hill lands and belong to the
Felta and Yolo series. They have percolation rates which range
from 5 to over 120 mpi (2 to over 50 m/cm). Slope, depth to
rock, and depth to water are all in the acceptable range for
soils of this subgroup. Septic tanks can be placed on soils of
this subgroup when on-site tests prove that the percolation rate
is less than 60 mpi (25 m/cm).

Soil Depth Constraints. Soils of this subgroup underlie 1,818
acres (736 ha) of hill lands. These soils belong to the Kneeland
(sandy variant) and Sheridan series and range in depth from 2 to
7 feet (0.6 to 2.1 m). Slope, percolation rate, and depth to
water are in the acceptable range. Septic tanks can be placed

on soils of this subgroup where on-site tests prove that the

soil depth is at least 5 feet (1.5 m).

Permeability and Soil Depth Constralints. Soils of this subgroup
underlie 48,700 acres (19,708 ha) of hill lands; the soils belong
to nine different series (see Table 8). These soills have percola-
tion rates which range up to 300 mpi (125 m/cm) and depths which
range from 4 to 7 feet (1.2 to 2.1 m); slope and depth to water
are both in the acceptable range. Septic tanks can be placed

on soils of this subgroup where on-site tests prove that the
percolation rate is less than 60 mpi (25 m/cm) and the soil depth
is at least 5 feet (1.5 m).

Unacceptable Scils

Of the 256 different soil units mapped by Miller (1972), 226
have characteristics which make them unacceptable for the place-
ment of septic tank and leach field systems. The unacceptable
soils underlie 937,817 acres (379,535 ha), or 92.75 percent of
the total area of the county. The uncolored areas on Plate 2
show the areal extent of the unacceptable soils. These soills
all have one or more of the following characteristics:
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rates are greater than 60 mpi (25 m/cm).

Slope is steeper than 30 percent.

ck or other impermeable barrier is less than
m) below the invert of the leach line (that
effluent leaves the pipe and enters the soil)

or 5 feet (1.5 m) below the ground surface.

1. Percolatio

2'

3. Depth to r
2 feet (0.
polint wher

4. The depth
below the

5. They are si

Certain areas ¢
the Merced and
areas contain
fied as being
of shallow soil
percolation te;
have adequate j
tank and leach

Recommended Mirx

o standing water is less than 8 feet (2.4 m)
round surface.

ibject to periodic flooding.

bf" Sonoma County are underlain by sandstones of

Ohlson Ranch Formations (see Plate 1). Many such

solls of the Goldridge series which have been classi-
inacceptable for placement of septic tanks because

|l depth.
sts may show that the underlyling geoclogic materials
bercolation capability for the placement of a septic

Where this condlition is the case, on-site

line systemn.

nimum Leach Field Area

After determin;
acceptable chat
and the slope ¢
minimum leach 1
This table was
of Health, Edu¢
Quality Contro]
shown on the tj
leach field as

The minimum leg

1. Building sg
2. FEasements q
improvement
purposes;
3. Easements 1
4, Areas occuj

structures
For the pul
there are 1
to be 2,501

Ing that the soil on a given parcel of land has
racteristics for the siting of a septic tank system
bf the ground surface has been determined, the

by

ield area can be determined by using Table 10.
derived from data prepared by the U. S. Department

cation and Welfare (1972) and the California Water
I Board, Central Valley Region,.
able is twice the amount required for the initial

The minimum area

it provides space for future leach field replacement.

ctbacks required by ordinance or code;

ledicated or reserved for surface or underground
Ls unless dedicated or reserved for sewage disposal

oY access or roadway purposes;

pled by structures or to be occcupled by proposed
and areas within 5 feet (1.5 m) of such structures.
rpose of single~-family residential lots, on which

no existing structures, this area shall be assumed

D square feet (230 m?);
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Table 10

RECOMMENDED MINIMUM DISPOSAL AREAS FOR LEACH FIELDSY/

: Percolation :
Rate : Soil Depth
(Minutes
Slope : per : : : : T : :
(percent]) : Inch) : 5 Feet : 6 Feet - 7-12 Feet : 13-17 Feet : 18-22 Feet : Over 22 Feet
(Square-Feet)
0-10 <10 21,000 16,000 11,000 6,000 6,000 6,000
10-20 23,000 18,000 13,000 8,000 8,000 8,000
20-40 25,000 20,000 15,000 10,000 10,000 10,000
40-60 27,000 22,000 17,000 12,000 12,000 12,000
11-20 <10 29,000 24,000 19,000 14,000 11,000 9,000
10-20 31,000 26,000 21,000 16,000 13,000 11,000
20-40 33,000 28,000 23,000 18,000 15,000 13,000
40-60 35,000 30,000 25,000 - 20,000 17,000 15,000
21-30 <10 36,000 31,000 26,000 21,000 19,000 16,000
10-20 38,000 33,000 28,000 23,000 21,000 18,000
20-40 40,000 35,000 30,000 25,000 23,000 20,000
40-60 1 Acre 37,000 32.000 27,000 25,000 22,000
: Percolation :
Rate : Soil Depth
(Minutes : :
Slope : per : : . 2.0-3.5 : 3.5-5.0 : 5.0-6.5 Over 6.5
{percent) : Centimeter) : 1.5 Meters : 1.8 Meters : Meters : Meters : Meters :  Meters
{square-Heters)
0-10 <4 2,000 1,500 1,000 S560 5560 550
4-8 2,200 1,700 1,200 750 750 750
§-16 2,400 1,900 1,400 S00 900 500
16-24 2,600 2,100 1,600 1,100 1,100 1,100
11-20 <4 3,300 2,500 1,800 1,300 1,000 800
4-5 3, 500 2,700 2, 000 1,500 1,200 1,000
8-1¢ 3,700 2,900 2,200 1,700 1,400 1,200
16-24 3,800 3,100 2,400 1,900 1,660 1,400
21-30 <4 4,400 3,400 2,400 g, 000 1,800 1,500
4-8 4,600 3,600 2, 600 2, 800 2,000 1,700
§-16 4,800 3,800 2,800 2,400 2,200 1,900
16-24 5,000 4,000 3,000 2,500 2,400 2,100

1/ Data from California Water Quality Control Board, Central Valley Region
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5. Areas within 5 feet (1.5 m) or property lines;

6. Areas which fall within the geographical constraints shown

on Table|11l; and

7. Areas which are paved or proposed to be paved.

Geographical Constraints

After the minimum disposal area has been determined from Table 10
the exact lochtion of the leach field can be determined only

after geographical constraints have been considered.

constraints, which are shown on Table 11, provide distances which
allow sufficient travel time for the purification of septile

ef'fluent.

Romero (1970) states that bacteria and viruses have been known
to survive for up to five years in $01ls under ideal conditions;
he also stateg that the travel distance of organisms in non-
Saturated systems appears to be on the order of about 10 feet
(3 m). However, bacteria and/or virus infested pollutants might
travel much farther ir nutrient-laden waters are intercepted

during the course of percolation.

Leach Fielq Delsign and Operation

The leach fiell is the part of the septic disposal system that

is most prone to failure. Failure is indicated by a decline in
the ability of| the system to accept and dispose of effluent at

the design rate, leading to eventual breakthrough of liquid to

the ground surface. Failure may eventually occur in & poorly-
designed system even though soils ang geéographic loecation appeared
to be favorable at the time of construction. Failure may be due,
in large part, |to the assumption that data on the short-term
percolative capacity of a soil could be used to bredict the
long-term behavior of the leach fielg System. The problem leading
from this assunption may bve further compounded by the variability
of the soils iH question because datg from the percolation test
holes might not be characteristic of the entire pPercolation

field soil.

According to MclGauhey ang Winneberger (1967), the following items

are pertinent tp septic tank systems:

1., A percolatipn test can only identify a soil that 1s capable
of transporting water providing its infiltrative capacity
(the rate at which water is absorbed by the soil) is

maintained.
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Table 11

GEOGRAPHIC CONSTRAINTS FOR a/
SITING SEPTIC TANKS AND LEACH FIELDS

Septic Tanks, : Leach Field,
Minimum Horizontal : Minimum Horizontal
: Distance : Distance
Feature : (feet) : {meters) : {feet) . (meters)

Building or Structures 5 1.5 8 2.6
Property Line 5 1.6 5 1.5
Water WellY 100 30 100 30
Perenially Flowing |

StreamSE/ 100 30 ] 100 30
Drainage Course or /

Ephemeral Stream- 50 15 50 15
Ocean, lLake, or '

Reservoire 100 30 100 30
Large Trees 10 3 10 3
Leach Field 5 1.5 - —_—
Water Pipe 5 1.5 5 1.6
Fill Areas - - 15 4,5
Cut Slopef/ 10 3 40 12

a/ Data from Sonoma County Public Health Service,

E] Minimum horizontal distance in downslope direction of ground, down-gradient
direction of water table, or downdip direction of geologic materials.

¢/ Measured to line which defines limit of 10-year frequency flood.

d/ Measured to edge of channel.

e/ Measured to high water line.

¥/ Measured distance to top of cut bank must exceed 4 times depth of cut.
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According to work done by Allen and Morrison (1973), bedding
planes, jeints, and fractures readily accept and convey percola-
ting effluent. The direction and rate of movement of the effluent
is largely affected by the anisotropy of these bedrock openings,
and it is suspected that the effluent can move as far as 200 feet
(60 m). Because the openings may contain little, if any, filling,
there would be insufficient purification of the effluent, and
thus, it could enter and pollute a nearby "hard rock" water well.
For example, on rural lots, the septic tank and leach field
normally is located downhill from the water well, as shown on
Figure 11. In Case No. 1, the rock strata dip downhill and
effluent from the leach field, if it entered the rock mass,

would flow to the left and cause no threat of pollution. In
contrast, Case No. 2 depicts a topographically identical situa-
tion to Case No. 1. 1In this latter case, however, the rock
strata dip from the area of the leach field toward the water

well. Because of this latter situation, effluent from the leach
field might flow down-gradient, to the right, and enter the water
well at some depth below the bottom of the sanitary seal.

Waltz (1972) has reported on a number of studies of mountainous
areas in Colorado involving septic tanks and "hard rock" water
wells. Water samples from some of the wells. contained
Escherichia coli, indicating pollution from nearby septic
Tanks. The studies showed that there are at least 10 variables
involved in the hydraulic system between a septlc tank and a
"hard rock" water well. The two most important variables are:

1. The horizontal angle between the average direction of dip
of bedding, fractures, and Joints and the line between the
leach field and the water well.

5. The horizontal angle between the direction of ground slope
at the leach field and the 1line between the leach field and
the water well.

Waltz showed that if either of the two variables was less than
900, then there was a possibility that effluent could move later-
ally from the leach line to the water well. Furthermore, the
studies showed that the probability of pollution increased at

a significant rate as the angular values of the two variables
decreased.
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CHAPTER V. GROUND WATER RESOURCES

Sonoma County may be divided into three ground water resource

regions,

One 1is the wvalley areas comprising the seven ground
water basins found in the county.

A ground water basin is an

area that 1s underlain by water-bearing materials and is the

location of the

major ground water development. Ground water

usually 1is avallable in predictable quantities nearly everywhere

within the limjits of a ground water basin.

The seven ground

water basins in Sonoma County have an aggregate area of 268.7
square miles (695.9 square kilometers) and comprise 17 percent

of the total area of the county.

The ground water basins, with

their respective subbasins, their areal extents, and the number
of identified water wells in each subbasin, are listed on Table 12;
the locations of the ground water basins and subbasins are shown

on Figure 12.

The contiguous

comprise an important ground water terrain in Sonoma
Underlying 428|
of the total area of the county, this terrain is the
many hundreds o¢f water wells.

on Figure 12
County.
percent
slte of
the contig-

and detached ground water areas shown
3 square miles (1,109.3 km3), or 27.1

Geologic materials of

uous terrain range from sandstones of the Merced Formation,
which may yield large quantities of ground water to wells, to
rocks of the S¢noma volcaniecs, which in certain areas yield only
minimal supplies of water.

Detached ground water areas include the following:

area, which is

the Annapolis
underlain by the Ohlson Ranch Formation; Sea

Ranch, which is underlain by marine terraces; the small alluvial

valleys at the

mouths of Gualala River, Russian Gulch, Scotty

Creek, and Estero Americano; and the sand dune and terrace area

surrounding Bodega Bay.

In all of the detached ground water

areas, well yields are variable because deposits usually are thin
and may be nearly completely drained.

Much of the remainder of the county is underlain by nonwater-
bearing rock which 1s not considered to be a predictable source

of ground water

Occasional wells may be developed in these

»

rock areas ylelding supplies of ground water adequate for most
domestic or stock supplies.

Ground Water Movement and Depth

Ground water moves generally toward the central and lower portions

of the various

ground water basins. Although data are insuffi-

clent to develop a ground water contour map depicting the present

67



conditions, none of the existing data suggest a general direction
of movement of ground water counter to that shown by Cardwell
(1958) and Kunkel and Upson (1960).

One of the difficulties in developing a usable map showing con-
tours on the elevation of the potentiometric surface 1s the

true representation of the many water levels present in wells.
Wells of differing depths may have widely different water levels
even though they are located only a short distance apart. For
example, wells in the depth range of less than 100 feet (30 meters)
in Section 17, Township 5 North, Range 5 West, have an average
depth to water of 46 feet (14 meters). Wells in the same section
in the depth range of from 200 to 300 feet (60 to 90 meters)

have an average depth to water of only 7 feet (2.1 meters). In
contrast, wells located in Section 10, Township 5 North, Range 6
West, in the depth range of from 100 to 200 feet (30 to 60 meters),
have an average depth to water of 7 feet (2.1 meters), while

wells in the same section in the depth range of from 300 to 400
feet (90 to 120 meters) have an average depth to water of 130 feet
(40 meters). Figure 13 shows the average depth to water for
various depth intervals by quarter township. Table 13 presents

a tabulation of these data by sectlon.

Long-Term Changes in Ground Water Levels

The only way to evaluate any long-term changes in elevations

of the various water levels is through the use of hydrographs
of certain key wells. A hydrograph 1s a graphical record of
water level measurements, ideally taken during spring and fall
of succeeding years, of a well for which the depth and construc-
tion details are known. The spring water level reading repre-
sents the highest level to which the ground water has recovered
after the winter precipitation season; conversely, the fall
measurement represents the lowest cyclic level to which the
ground water level has dropped near the close of the summer
pumping period.

Examination of long-term hydrographs gives a graphic record of
slow declines, or recoveries, of levels of the various ground
water bodies. Data of this type are available from 16 key wells
throughout Sonoma County; hydrographs of these wells are pre-
sented on Figure 14. Most wells shown on Flgure 14 have measure-
ment records going back to 1950. A 25-year record from each well
gives a good estimation of the nature of the ground water system
that the well taps. For example, Well No. 6N/8W-7P2, shown on
Figure 14, taps the Merced Formation and has a measurement record
going back to the fall of 1949. The hydrograph indicates that
there is essentlally no change in water levels over the 26-year
period, suggesting that the aquifer system which the well taps

is being adequately recharged to meet its demand. In contrast,
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GROY

ND WATER BASINS AND WATER WELL DEVELOPMENT

Table 12

Basin and Area Number of

Ground Water Basin Subbasin (square : (square Identified

and Subbasin Number miles) : kilometers) Water Wells
Alexander Valley 1-17.00 31.8 82.4 466
Alexander Area 1-17.01 23.3 60.3 321
Cloverdale Area 1-17.02 8.5 22,1 145
Santa Rosa Basin 1-18.00 126.7 328.0 4,006
Santa Rosa Plain 1-18.01 95.7 247.8 3,127
Healdsburg Area 1-18.02 27.4 70.9 495
Rincon Valley 1-18.03 3.6 2.3 384
Knights Valley 1-22.00 5.3 13.7 5
Kenwood Valley 1-23.00 6.2 16.1 57
Lower Russian Riven 1-98.00 9.3 24,1 69
Petaluma Valley 2-1.00 40.9 105.9 144
Sonoma Valley 2-2.02 49,5 128, 2 382

69




Cloverdaid VAR
No. I-IT.02

LOWER RUSSIAN
RIVER ¥YALLEY

LEGEND

Comtiguous ond detatched ground water
orees outside of boundories of
ground woter bosins. -

Ground Woter Bosin Boundory -

------ Ground Woter Subbasin Boundory A

STATE OF CALIFORNIA
THE RESOURCES AGENCY -

DEPARTMENT OF WATER RESOURCES
CENTRAL DISTRICT

SONOMA COUNTY -
GROUND WATER RESOURCES INVESTIGATION

i

-
GROUND WATER AREAS
1975 -
SCALE OF MILES

- o - [

70



ALEXANDER VALLEY

Ne. (-17.00

Aloxander Arss

) sANTA Rost{ VAL
'_,,,

__No_1-Hd00 |-

No_ 1-23.00
i

N

o
Fas
7

L2

BASE MAP BY SONOMA COUMTY FLANNING DEPARTMENT N

FIGURE |2

71



1}
az
e

Ooxm—e

LEGEND

Average depth to woter, wells less thon 200 fest! in depth

Average depth ic water, wells 200 to 400 fesl In depth

Averoge depth to water, walls over 400 feet in depth
NOTE: Dosh denotes dota lacking

Flawing weil, lass thon 200 feet in depth
Flowing well, 200 1o 400 feat in depth
Flowing wall, ovar 400 fest in depth

Dry hole, tass than 200 feet in depth

Dry hole, 200 to 400 fest in depth

Ory hole, over 400 feet in depth

STATE OF CALIFORNIA
THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES

CENTRAL DISTRICT

SONOMA COUNTY

GROUND WATER RESOURCES INVESTIGATION

-

AVERAGE DEPTH TC WATER
BY QUARTER TOWNSHIP, IN FEET

1975

SGALE OF MILES

3 Ly 3 [ - a 3 0

= 00
i
N

3

... COUNTY

K\‘.-.
29 2.

L OVERDAL

x

.
e
8R

) 5l
o ]
68 ——— =
4 s
wR0lx
12
ﬁ\ = 20
AT 15
e 1%
! 7A
! 't! -'\ —

{ B
BRECECH ~
BAY

72



FIGURE

13

13«18y

X
2
w— =
- "‘__"' ¢ ]
1 aa 3&5 '
L\ =i 87
ST AT . +
I
e x -
s S 27 - '—\26 o
= 46
—— —_— -
xg 10|
‘ 24 *ge
Y, 15 - I
LY i‘ - 89—
R A ¢
L SEOAST
i DFT
gg,,‘_ %% @
— — g B ngsx
! 1 s Rr

A7

BASE MAP BY SONOMA COUNTY PLANNING DEPARTMENT

73




Tabtle 13

AVERAGE DEPTH TO WATER

Average Depth to MWater by Well Depth
Twp | Rge | Sec (In Feet) (In Heters)
0-99 : 100-199 : 200-299 : 300-399 : 400499 : >500 | 0-30 : 30-61 : 61-91 : 91-121 : 121-152 : >152
3 6 1 8 - - - - - 2.4 - . - - -
4 5 2 24 - - - - - 7.3 - - - - -
& 8 16 - - - - 2 4.9 - - - -
7 35 - - - - - 10.7 - - - - -
12 | 17 - - - - - 5.2 - - - - -
14 - - - - - 17 - - - - - 5.2
19| - - - - B5 15 - - - - 25.9 4.8
4 6 1 - 45 15 - 25 - - 13.7 4.6 - 7.6 -
8 26 ke - - - - 7.9 9.1 - - - -
17 - 43 - - - - - 13.1 - - - -
21 - - 49 - - - - - 4.9 - - -
26 - 1 - - - - - 4.3 - - - -
4 7 2 2 15 - - - - 0.6 4.6 - - - -
4 25 25 195 - - - 7.6 7.6 5.4 - - -
5 30 - - ~ - - 8.1 - - - - -
6 -~ - 50 - - - - - 15,2 - - -
14 18 - - - - - 5.8 - - - - -
22 15 - - - - - 4.8 - - - - -
5 5 4 - - - - 108 180 - - - - 32.8 od. 8
7 13 - 8 10 62 - 4 - 2.4 3 18,9 -
8 19 40 29 24 20 - 5.8 12,2 8.8 7.3 6.1 -
9 - 20 40 - - - - g.1 12,2 - - -
17 46 13 7 - - - 14 4 2.1 - -
18 14 13 - 20 - - 4.3 4 - 6.1 - -
19 20 12 - - - - 6.1 3.7 - - - -
20 10 28 33 - - - 3 8.5 10.1 - - -
21 - 25 33 125 70 - - 7.6 1001 38.1 21.3 -
22 - - - 20 22 - - - - 6.1 6.7 -
28 - 16 14 18 18 - - 4.9 4.2 5.5 5.5 -
29 30 1% 100 - 70 - 8.1 5.8 30.5 - 21.3 -
31 17 - - - - - 5.2 - - - - -
33 10 35 - - - - 3 14,7 - - - -
5 & 1 40 23 48 36 - 30 12.2 H 4.8 11 - 9.1
2 - 68 55 - - - - 20.? 16.8 - - -
3 - 7 30 - 114 - - 2,1 g.1 - 34,8 -
5 - - - - 130 118 - - - 38,6 36
9 - - 5 - - - - - 1.5 - - -
10 - 7 80 130 140 - - 2.1 24.4 9.6 42,7 -
11 &4 35 - - - - 2.8 10.7 - - -
12 35 30 23 - 20 7 10.7 9.1 7 - 6.1 2.1
13 25 30 30 9 - 40 7.6 2.1 5.1 2.7 - 12,2
14 35 - - - - - 10.7 - - - - -
15 - - 10 - - - - - 9.1 - - -
23 - 16 - - - - - 9.9 - - - -
25 - - - - - 12 - - - - - 3.7
25 27 15 - - - - g.2 4,6 - - - -
26 31 3 - -~ - - 9.6 .9 - - - -
29 - - 40 - - - - - 12.2 - - -
33 - 38 40 18 - 21 - 17.6 12.2 8.8 - €.9
36 30 - - - - - 8,1 - - - - -
5 7 3 - 10 - - - - - 21.3 - - - -
5 21 50 79 63 116 - 6.4 15.F 24.1 19,2 35.4 -
6 25 56 - - - - 7.6 17,1 - - - -
7 1) 46 - - 128 - i¢ 14 - - 39 -
8 - 62 - - - - - 18.8 - - - -
9 - 15 - - - 51 - 4.6 - - - 5.5
10 - 95 - - - - - 29 - - - -
11 - - 140 - - - - - 42,7 - - -
15 - 26 82 60 - - - 7.8 28 18.3 - -
16 37 50 52 - - - 11,3 15.2 15.8 - - -
17 - 60 40 60 10 - - 18,3 1a.2 18.38 ~
18 10 25 46 - 39 - 2 7.6 14 - 11.9 -
19 70 46 82 - - - 21,3 14 25 - - -
20 30 46 90 - 51 - a1 14 27.4 - 15.5 -
21 - 29 - - - - - 8.8 - - - -
22 [ 45 35 - - - 1.2 13.7 16.7 - - -
25 - - - - 11 - - - - 3.4 -
5 7 26 - 13 - - - 7 - 4 - - - 2,1
27 27 - 20 - - - 8.2 - 8.1 - - -
28 18 - - - 24 - 5.5 - - - 7.3 -
29 - 43 53 - - - ~ 3.1 16. 5 - - -
30 35 29 10 - - - 6.7 8.8 8.7 - - -
31 31 22 33 - - - 4.5 6.7 10.1 - - -
3z 20 28 110 - - - 6.1 8.5 33.5 - - -




Table 13 (continued)
Average Depth to Mater by Well Depth
Twp | Rge | Sec | {In Feet) {In Heters)
0-99 : 100-199 : 200-299 : 300-399 : 400-49% : >500 0=-30 : 30-61 : §1-81 : 91-121 t 121-152 + >152
5 7 33 8 24 10 - - - 2.4 7.3 3 - - -
3% | 15 - - - - - 4.6 - - - - -
35 | 18 - - - - - 5.5 - - - - -
5 3 1| 28 44 96 - - - 8.5 13.4  29.3 - - -
2] - - - 183 - - - - - 55,8 - -
3| - 12 - - - - - 5.8 - - - -
4 - - 20 - - - - - 6.1 - - -
10 - 20 - - - - - 8.1 - - - -
11 - 55 54 86 175 - - 16.8 18.5 26.2 53.3 -
1z 25 - - 16 - - 7.6 - - 4.8 - -
13 - - 45 20 - - - - 13.7 5.1 - -
14 - 17 40 - - - - 11.3 12.2 - - -
15 15 - 41 - - - 4.6 - 12.5 - - -
16 - 18 - - - - - 8,8 - - - -
17 - 4 - - - - - 1.2 - - - -
21 - 32 a5 - - - - 8.8 10.7 - -~ -
22 - 14 77 - - - - 4.3 23.5 - - -
23 20 31 51 14 - - 6.1 9.4 15,8 4.3 - -
24 12 30 22 - 40 - 3.7 8.1 6.7 - 12,2 -
25 12 45 - - - - 3.7 13.7 - - - -
26 8 17 68 53 140 - 2.4 8.2 20.7 18.2 42.7 -
27 | - 20 75 - 14 10 - 8.1 22,9 - 4,3 3
28 - 5 - - - - - 1.6 - - - -
10 | 10 - - - - - g - - _ - _
a | - 45 - - - - - 13.7 - - - -
36 20 40 12 - - - 8,1 1z.8 3.7 - - -
5 9 41 - 15 6 35 - - - 4.6 1.8 10,7 - -
15 6 15 - - - - i.8 4.8 - - - -
23 - 20 90 - - - - 6.1 27.4 - - -
6 6 1 - ~ - 180 - - - - - 54. 9 - -
2 - - 200 - - - - - &1 - - -
3 - - - 200 - - - - - 81 - -
4 - - 18 - - - - - 5.8 - - -
5 - 30 - - - - - 8.1 - - - -
& - - 100 - - - - - 3.8 - - -
7 - 32 45 45 20 - - 9.8 13.7 13.7 8.1 -
8 - 48 21 23 - - - i4.6 6.4 7 - -
9 9 - 15 49 3z - 2.7 - 4.6 14.8 5.8 -
i0 4 - 20 - - - 1.2 - 6.1 - - -
15 & - - - - - 1.2 - - - - -
16 | - 30 - - 20 - - 8.1 - - 6.1 -
17 - - 70 190 - - - - £21.3 &7.8 - -
18 - - - 20 - - - - - £.1 - -
20 - 24 - - - - - 7.8 - - - -
23 - - 4 - - ~ - - 1.2 - - -
26 - 40 26 - - - - iz.2 7.9 - - ~
27 - 23 - - - - 7 - -