


——

VI R AR ‘u

Ui

.....

" ’ Er'w . ol o L
i 2 4 s,

w8

l. 1 wHogr, -~

1: ’ 1. % ;‘ F:\ ‘.r‘
iﬂluw*%ﬂ "W'l”"“’a“_ﬁ"j AR ‘ ”
'- !*“’“ ﬁﬂ vﬂ IH'“V W
: ) - 1'3. tt,_\at" ‘\‘
iw ‘f“q ‘vl‘& ‘ii{“, il“ *i 1““‘!,"“ '-H"“'%\-:' : @ .

- et
‘“ ‘ e e i.d' B
c_r. Jan et B 2 M
¥

N g Y
A T TR

- , T RO g

NN DT 0 a0,

WU FREL PR T S e O

S RS PR T

A ‘.._‘.._:-..'. '% “',’t %‘

‘\:‘Q‘.ﬁ # s o v s a\...'l -

*u?-" w N -"u‘ﬂ Mm izir LI TIL
A _ dir v Doow lintegs

iu“ “i"'-'ﬁim ,.,:;;_ o A W iaTn ST
S A A i"v' -"ﬂ"v- Wl g VLT e
T ‘ E - N o

A S
ot iy b \t

200 “amn w o, N il UM N e g
. JRIURL SRR T ORI N o WNJ Wy Ny
Lm.,. AN

s

by | iu_‘_"ﬁiﬂi"ﬂ“w t_‘:““i o 3_“1 m _9‘ - ___? L
DU S5+ S SE LR AR t"‘“«” T
O ::-'; L LR “!'._"_z ¥

lﬁ' ﬁ‘ “;‘ ‘? "“ N’ ....l ; s w.' R T ML T



Drainage and passing through Lemolo. These boundaries are
major discharge areas for this subarea.

0 Bainbridge Island Subarea is located on the eastern portion of the
County. It is bounded on the east by Puget Sound, on the north by
Port Madison, on the west by Agate Pass and Fletcher Bay, and on
the south by Rich Passage. This subarea also includes Blake
Island which is located south of Bainbridge and is bounded by
Puget Sound. Blake Island is currently a State Park.

o Poulsbo-Bremerton Subarea incorporates much of the northwest-
ern portion of the County, including Bangor, Poulsbo, and
Bremerton. It is bounded on the north and west by Hood Canal,
on the south by Sinclair Inlet and the Green and Gold Mountains,
and on the east by Port Orchard. This subarea includes the Big
Valley Drainage.

0 West Kitsap Subarea encompasses the western-most portion of the
County. It is bounded on the north and west by Hood Canal, on
the south by Mason County, and on the east by upland drainages
and the Green and Gold Mountains. This subarea is characterized
by extensive volcanic bedrock deposits which form the Blue Hills.

0 South Kitsap Subarea includes the southern portion of the county.
Due to the large size of the subarea, it was divided into a west and
an east section for presentation purposes. It is bounded on the
south by Pierce County, on the west by Mason County, on the east
by Colvos Passage, and on the north by Sinclair Inlet. This
subarea includes the Gorst Creek Drainage.

A series of six base maps are used to characterize the study area within
this report. This includes one map for each subarea except South Kitsap
where two base maps (east and west) are used. All the base maps and
accompanying figures in Volume II are presented at a scale of 1:48000 (1
inch = 4,000 feet).

Land Use Factors

The quality of both surface and groundwaters are known to be impacted
by the type and intensity of land use activities that occur in a watershed or
recharge area. To assess the impact which various types of land use may
have on groundwater resources, these activities must first be character-
ized and located with respect to the hydrogeology within the area. The
project approach for determining the potential for aquifer contamination
can be seen in Exhibit II-2, This approach involves correlating land use
evaluation with corresponding water quality assessments to arrive at a
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determination on contamination potential. Existing regulatory require-
ments and national groundwater quality surveys on occurrence of
contamination are used as guidelines for gathering local land use and
water quality data. Review and documentation of this data leads to iden-
tification of key indicator parameters used to assess the potential impact
of land use activities on groundwater quality.

(D

Land Use Evaluations

A survey of existing and historical land use activities was
completed throughout the Kitsap County Ground Water
Management area. Land use categories were patterned after the
U.S. Office of Technology Assessment's (OTA) system for catego-
rizing various sources of groundwater contamination and these
categories are depicted in Exhibit II-3. These source classifica-
tions were used as a guide in researching activities within Kitsap
County. The results of the investigation were then graphically
displayed to correlate the location of potential contamination sites
with quality of the groundwater. These overlays of land use activ-
ity along with more specific descriptions of potential impact on
groundwater are contained in the discussions for each subarea
(Volume II, Appendix A through E).

From a regional viewpoint, Kitsap County contains numerous
agricultural and forestry areas as well as many government owned
and operated facilities, including the Bangor Submarine Base,
Keyport Naval Undersea Warfare Engineering Station, and the
Puget Sound Nava! Shipyard. Outside of the urbanized centers of
Bremerton, Port Orchard, Silverdale, Poulsbo, Manchester, and
Winslow, the county is generally characterized by large parcels of
undeveloped land and open space. Low density, single-family
dwellings and small farms are scattered throughout the County,
and there are large areas of pasture and forest land. The major
urbanized areas are sewered, as well as portions of unincorporated
Kitsap County which is served by the Central Kitsap Sewer District
near the Trident Base, Keyport, Poulsbo, Silverdale, and East
Bremerton. There are 10 documented historical landfills through-
out the county and two currently operating municipal landfills at
Hansville and Olympic View Industrial Park. In addition, there
are three auto demolition sites in use., There are over 1,000
underground storage tanks located at approximately 280 sites
throughout the Ground Water Management Area (GWMA). The
majority of the underground tanks are for storage of gasoline,
diesel and used oil. However, there are also materials such as
aviation fuel, undefined hazardous waste, and kerosene. A
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number of facilities (48 currently) are regulated under the
Resource Conservation and Recovery Act (RCRA) and three
Superfund sites are located in Kitsap County; Strandley Scrap
Metal in the southern part of the County, the Wycoff site near
Eagle Harbor on Bainbridge Island, and an ordinance disposal site
at the Bangor Submarine Base.,

Water Quality Assessments

In addition to providing a guide for characterization of potential
contamination sources, the OTA categories were also used to
develop a list of parameters whose presence might indicate an
impact to groundwater quality. Indicator parameters were devel-
oped for each of the potential contaminant sources and are
presented in Table II-1.

Criteria for selection of the indicator water quality parameters
included:

0 Type and intensity of land use activity
0 Human health considerations
0 Frequency of occurrence in groundwater

The type of land use activity can have a direct impact on the water
quality parameters found in groundwater. For example, measur-
ing a trend of increasing nitrate levels may indicate the presence
of on-site sewage facilities. Likewise, detecting a pesticide in
groundwater quality samples would imply the possibility of nearby
agricultural activity.

To evaluate human health concerns, primary and secondary
contaminants, as defined by the Rules and Regulations of the
State Board of Health Regarding Public Water Systems, February,
1988, and the U.S. Safe Drinking Water Act, were used as indica-
tor parameters. Maximum contaminant levels (MCLs) for primary
contaminants are based on chronic and/or acute human health
effects. Secondary contaminants have MCLs based on non-health
issues such as aesthetics. These parameters and their MCL values
for both existing and proposed regulations can be seen in Tables
II-2 and I-3.

Frequency of occurrence of organic substances was based on
national surveys of groundwater quality and regional and site
specific studies of Kitsap County. Nationally, there have been
several surveys completed which addressed the quality of ground-
water. They include the National Organics Monitoring Survey
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(NOMS), the National Screening Program (NSP), the Ground
Water Supply Survey (GWSS), and the Community Water Supply
Survey (CWSS), These surveys found the following volatile
organic chemicals (VOCs) to be fairly prevalent in groundwater:
trichloroethylene, tetrachloroethylene, and 1,1,1-trichloroethane.
For this reason, these VOCs were included in the list of indicator
parameters. In addition, review of the hazardous materials trans-
porters, and disposal and storage facilities within Kitsap County
indicated that methylene chloride, polychlorinated biphenyls
(PCBs), chromium, lead, mercury, creosote, phenols, acetone,
ketone and cyanide were prevalent. These parameters were also
included in the list.

Parameters chosen as indicative of pesticide use were based on a
study titled "Survey of Pesticides Used in Selected Areas Having
Vulnerable Groundwaters in Washington State,” July 1987, by the
Environmental Protection Agency (EPA) in association with the
Department of Agriculture. This study evaluated crop use and
associated pesticide use throughout Washington State. Table 14
presents the crops and pesticides/herbicides potentially used in
Kitsap County. These pesticides were included in the list of
indicator parameters.

Conductivity and pH were chosen as indicator parameters because
increasing conductivity and/or extreme pH levels can signal the
presence of contaminant streams. For example, a highly concen-
trated acidic chemical could cause the conductivity of a ground-
water sample to be elevated above background conditions, and the
acidity would drive the pH measurement below pH 7.0.

Historical records on the occurrence of these indicator parameters
in wells within the GWMA were collected. A statistical trending
analysis was performed for each parameter. The measurement of
these parameters at levels above the MCL or the presence of a
significant upward trend, could identify 2 groundwater contamina-
tion source. The methodology for the trending analysis is
described more fully in Section II, 5.B., Water Quality Trends.

In addition to the trend analysis, the presence of indicator parame-
ters at levels above the MCL were evaluated to locate potentially
sensitive water quality areas. Generally, MCLs were not exceeded
throughout the study area except for some iron and manganese
concentrations which are an aesthetic and not a water quality
concern. Some site-specific contamination has occurred within
Kitsap County, but overall background degradation trends were
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not found. These evaluations are discussed in the Volume II,
Appendices, for each subarea.

Infiltration Potential

In addition to categorizing land use as it relates to contamination
potential, land use evaluations were also used in developing a rela-
tive infiltration potential map for the GWMA. This map
combined information on soils, slope, and impervious cover to
arrive at a relative potential for infiltration. Land use categories
were used to evaluate the percentage of impervious area. The
methodology and results from the infiltration potential analysis are
presented in more detail in Section I, 4. E.

Future land use categories were derived from Kitsap County's
Subarea Plans. Total future impervious area percentages were
developed based on aerial photographs of 100 percent build up
conditions for the various land use categories. Existing impervious
percentages were calculated based on population and dwelling
units per acre. Assumptions in the analysis for existing impervious
cover were as follows:

0 Dwelling units contain 3,500 square feet of impervious
surface.

0 *Imprevious percentages for urban and industrial zones are
the same as future conditions.

0 Roadways are distributed proportionally throughout the
County.

0 Bangor is assumed to be 15 percent impervious.

Table II-5 displays these land use categories with the calculated
impervious percentages for both future and existing conditions.

C. Population Projection

(1)

Methodology

Population projections were initially developed based on discus-
sions and meetings with representatives from the Puget Sound
Council of Governments (PSCOG), and PSCOG's Population and
Employment Report, 1984. These projections were then refined
based upon the PSCOG's Draft 1987 Report. They were finally
revised based on final PSCOG data made available in June 1988.
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(b)

(©)

(d)

rural, and rural areas. Scenario 4 is a combination of
Scenarios 2 and 3.

Subareas

Population and average and peak day water demand is
summarized by the six subareas. The subareas correspond
with planning areas used to describe hydrogeclogy and
groundwater quality. These subareas are:

Subareal - Hansville-Indianola
Subarea2 - Bainbridge
Subarea3 - Poulsbo-Bremerton
Subarea4 - West Kifsap
Subarea SA - South Kitsap West
Subarea SB - South Kitsap East

For individnal summaries by subarea, refer to Volume II of
this Report.

Average Day Demand

Table II-6 shows the consumption values assigned to each
FAZ. Table II-8 summarizes the resultant average
demands for the GWMP study area for the four different
scenarios by subarea. Average day demands for the
GWMP study area are estimated to range from current
levels of approximately 24 MGD, in 1989, to the following:

0 Scenario 1, Existing - 34 MGD in 2010 and 47 MGD
in 2040.

0 Scenario 2, Multi-Family - 32 MGD in 2010 and 45
MGD in 2040.

o} Scenario 3, Conservation - 30 MGD in 2010 and 42
MGD in 2040.

0 Scenario 4, Conservation and Multi-Family - 29
MGD in 2010 and 41 MGD in 2040.

Peak Day Demand
Peak day demand is also shown for the GWMP study area

by subarea on Table II-8. Based upon the analysis, the
potential peak day demand within the study area could

-9
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increase from current levels of approximately 66 MGD in
1989 to the following:

0 Scenario 1-Existing - 94 MGD in 2010 and 133
MGD in 2040;

0 Scenario 2-Multi-Family - 91 MGD in 2010 and 128
MGD in 2040;

0 Scenario 3-Conservation - 86 MGD in 2010 and 120
MGD in 2040; and,

0 Scenario 4-Conservation and Multi-Family - 81
MGD in 2010 and 115 MGD in 2040.

Segregation of Municipal and Domestic Water Demand

A methodology to segregate municipal and domestic water
demand was evaluated using 1980 census data summarized
by the National Water Well Association. The database is a
listing of wells by zip code for all of Washington State.
However, the listing was found to be incomplete for some
areas of Kitsap County, and therefore, could not be
utilized. In addition, this listing assumed water utilities
consisted of five or more connections which excludes some
Class 4 public water systems. Class 4 systems are defined as
serving two to nine connections.

The method used was based on a comparison of estimated
population served by public water systems with total popu-
lation of the County. Population served by Class 1, 2, 3,
and 4 water systems was taken from the 1986 report,
“Preliminary Assessment of Water Resource and Public
Water Services Issues in Kitsap County,” by the
Department of Community Development and PUD No. 1
of Kitsap County. The estimated population served by all
public water systems was approximately 132,850. The total
population of the County, based on PSCOG forecast data
for 1985, was approximately 166,160. Given these popula-
tion estimates, approximately 80 percent of the population
is served by municipal systems and the remaining 20
percent is served by domestic systems.

I-10
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Bureau of Census. However, these lower figures are only based on
farms with sales of $2,500 or more.

Irrigation estimates for the GWMP study area by subarea, as
shown on Table II-9, were apportioned based on existing water
right records from Ecology. The number of acres under irrigation
was originally assumed to be irrigated at an average rate of 1.5
acre-feet per acre per year, Irrigation use was revised to 0.8 acre-
feet per acre per year as recommended. Although this figure is
low in comparison with values reported for similar areas, it has
been reported as low as this by the Bureau of Census. In addition,
it is assumed that the irrigation occurs during a 150-day irrigation
season.

Because of the overall historical decline in agriculture, it is not
anticipated that irrigation will increase. In fact, overall irrigation
demand may decline. For purposes of this study, irrigation use
was assumned to remain constant.

The existing total average day demand for irrigation during the
irrigation season was estimated to be 2.21 MGD based on 1.5
acre-feet per acre per year. Based on 0.8 acre-feet per acre per
year, the total average day demand for irrigation is 1.18 MGD.
Irrigation accounts for approximately 4 percent of the total annual
water use in Kitsap County.

Fish Propagation

Water demand for fish propagation was based on existing annual
water right records obtained from Ecology and is summarized by
subarea in Table II-9.

Water use based on groundwater rights for fish propagation
account for approximately 16 percent of the total annual water use
in Kitsap County. In discussions with the Department of Fisheries
(Fisheries), no methodology for estimating future groundwater
development for aquacultural purposes was recommended. The
average water use for a facility ranges from approximately 1,500 to
4,000 gpm. Based on discussions with Fisheries, because of
disposal restrictions of water, new industry is not as likely to
develop in populated areas. The primary consideration in locating
an aquaculture farm is: (1) adequate and reliable supply of water,
and (2) ease in disposal of wastewater. Hence, no significant
increase in groundwater demand from aquaculture farms is antici-
pated at this time. Water demand for fish propagation is shown to
occur in all subareas except 2, Bainbridge Island, and 3, Poulsbo-

II-12
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cases, the entry under the Source I.D. may have no relationship to
the present ownership of the water right.

In preparing the summary table, it was necessary to make some
estimates on the annual quantities authorized where the right was
granted for more than one use, but did not specifically break down
the annual anthorization for each use.

The groundwater rights for the GWMA have been compiled for
each of the subareas. Because of the nature of boundary lines
between subareas and the lack of preciseness in the water right
printout concerning location, it is possible that a few rights may be
erroneously identified as being in the wrong subarea. This should
not, however, materially affect the totals.

Water Rights and Claims

It is important to note that the above-referenced tables include
only recorded rights established under the permit system or
through a declaration of prior right, as provided in the ground-
water code of 1945. There are at least two other types of ground-
water rights in the Kitsap County GWMA. One type is generally
referred to as a claim to vested right established through actual
development and use of groundwater prior to June 7, 1945. In
order to retain such a right, the owner or right holder was required
to file a claim under the "Registration Claims Act” of 1969. Such
claims are recorded in Ecology's water right claims registry.

The second type of other groundwater right is the right that is
established under a permit exemption provision of the ground-
water code where not more than 5,000 gallons a day have been
developed and used (e.g., domestic use). If such a right were not
claimed under the "Registration Claims Act” or was established
subsequent to June 30, 1974, the right still exists, but is
unrecorded.

Claims and unrecorded small quantity wells are very large in
numbers of claimants or right holders, but generally would not
constitute a very high percentage of the total authorized use of
groundwater within a given geographic area. Unfortunately, the
actual validity and amount of water right that exists under these
two types of other rights are unknown. Quantification of such
rights can only be determined with certainty through a general
adjudication of water rights (see RCW 90.03.110 through RCW
90.03.245, and RCW 90.44,220 and 90.44.230).
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The multitude of wells being used under claims or the exemption
provision of the groundwater code must be considered in the
groundwater management planning process. Impacts on existing
water rights can be a constraint to future groundwater
development.

Summary of Groundwater Right Information

It is important that the data in the water right tables in Volume I,
and in particular Table II-11, be understood to minimize the risk
of misuse. Unfortunately, the water rights do not reflect actual
current usage of the groundwater resource. They only identify the
possible maximum legal appropriations that can be made under
the water rights. Some of the uncertainties are as follows:

(a)  Certificates of water rights have often been issued in
amounts greater than actually developed and used.

(b) Numerous rights are still recorded and considered active
although they are currently unused or totally abandoned
and have never been formally relinquished.

(¢)  Originally developed well capacities have permanently
diminished to a point below the water right amounts due to
system deficiencies or source deterioration.

(d) New permits have been processed instead of changing
ownership or point of withdrawal for an existing water

right.

(¢)  Permit listings reflect authorization to develop and use
certain amounts of water, but the status of development is
not reflected on the water right printout (e.g. the well may
not even be drilled yet).

Additionally, care should be exercised in the use of the MGD
conversion figures from either the instantaneous amounts (gpm)
or the annual quantities (acre-feet per year). For example, in the
case of instantaneous withdrawal rates, the conversion from gpm
to MGD makes an assumption that all wells can be and are oper-
ated continuously for 24 hours. In the case of converting annual
acre-feet to an average daily withdrawal rate in MGD, it should be
recognized that some uses (e.g., irrigation) have highly variable
water requirements throughout the year.

II-16



(4)

(5)

Even with the above limitations, the Summary of Groundwater
Right Information is useful in showing some general groundwater
right relationships.

Water rights listed under domestic multiple or domestic municipal
authorize the withdrawal of 52,184 gpm (116 cfs) which would
equal 75.15 MGD if all rights could be continuously utilized for a
full day; annual withdrawal is limited to 35,354 acre-feet per year
(average of 31.57 MGD).

Groundwater rights for all other uses amount to 7,972 acre-feet
annually (9.01 MGD), or approximately 18 percent of the total
groundwater authorizations. Of note, is the fact that fish propaga-
tion accounts for 5,828 acre-feet per year o the "other use" autho-
rization. Surface water rights and Ecology's water right claims
registry have been scan reviewed for general relationships. There
are over 7,500 claims to groundwater rights in Kitsap County and
over 1,250 surface water claims.

Comparison of Water Demands with Groundwater Rights

For most of the water use categories, water rights exceed existing
and projected demand at least through the year 2000. The most
notable deficit in water rights is in the Poulsbo-Bremerton
Subarea. Both average and peak municipal and domestic water
demand estimates exceed instantaneous and annual water rights.
The estimate for irrigation water use is approximately 70 percent
of existing annual water rights., The assumption of 1.5 acre-feet
per year may not adequately reflect actual usage or there may be
water rights not being currently utilized. All other uses were
based on existing water rights. Therefore, no comparison can be
made.

Summary

In reviewing water right claims listings and the recorded water
right printout, the following areas warrant special note:

(a) Some individuals or entities may think they have estab-
lished a new water right by filing a claim under the
"Registration Claims Act" of 1969. In the case of ground-
water, uses of water initiated after June 6, 1945, in amounts
greater than 5,000 gallons per day, require a State permit or
certificate of water right, not a filed claim.
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information from the well incorporated into the database. The location
of each of the 800 wells was determined by a field check, legal descrip-
tion, detailed site map or engineering plan. The location of the well was
indicated on the appropriate USGS topographic quadrangle, the base
maps for the study, and entered into the database file.

Geologic description of materials encountered in the drilling of each well
was an essential component of the database. Geologic logs were acquired
either from Ecology Water Well Reports completed by the driller, or
hydrogeologic reports provided by consultants for a particular project. A
listing of geologic logs contained within the database is presented in
Appendix G.

At a minimum, construction details of the wells such as depth drilled,
casing diameter, and screened zone were required. In addition, water
levels, pumping data, owner identification and other detailed information
were included where available. The lack of the latter information was not
considered as justification for exclusion of wells from the database.

Reports completed by consulting geologists regarding individual wells
were used as primary sources of reliable information. These reports
generally include details on construction, pump tests, and aquifer charac-
teristics not found in most other sources. The bulk of the well informa-
tion provided by consultant files, about 240 wells, originated from project
reports and files of Robinson and Noble, Inc. of Tacoma. Other reports
from Carr and Associates, Hart-Crowser, Inc, and Applied
Geotechnology, Inc. were also utilized.

The extensive files of Kitsap County Environmental Health Department
were important sources of information on the wells used by public water
purveyors. These files included high quality information on well location,
Ecology water well reports, engineering reports, and water quality. The
files of all Class 1, 2, 3, and occasionally Class 4 water purveyors were
reviewed for accurately located wells with significant well information.
Approximately 185 data-wells came from this source.

Nicholson Drilling of Port Orchard has on file information on numerous
wells drilled in Kitsap County. These wells have been field checked by
them and their locations are considered as verified. About 280 wells were
added to the database from the Nicholson files.

The USGS Water-Supply Paper 1413 was used as a source for selected
wells in specific areas of Kitsap County where other data sources were
unavailable. The paper contains concise data on 1,146 wells completed
before 1951. Forty-one database wells originated from this source.
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Drainage and Topography

There are hundreds of drainage basins in Kitsap County ranging in size
from several acres to 16 square miles as shown on Exhibit II-7. In that
exhibit the principal drainage basins have been identified by the name of
the stream which discharges from the basin.

The drainage basin map was prepared to identify the relative discharge
quantity and direction of surface water flow and to provide a preliminary
estimate of the volume of surface water discharging from each basin. The
quantification of these values is important in developing the overall water
budget for the study area, to give some insight as to the volume and
pattern of groundwater flow, and to develop evidence of groundwater
transfer between basins. The basic relationship which is evaluated here is
the concept that water originating as precipitation falling within each
basin contributes to the stream that drains that basin.

For each stream with a surface drainage area equal to or greater than one
square mile, the individual drainage basin divide was outlined based upon
the topography data provided on USGS 7.5 minute quadrangle maps.
The name and number assigned to the drainage basins are from Garling
and others (1965). If a stream was unnamed, a name was assigned by
Robinson & Noble, Inc., based on a local geographic name or feature
shown on the USGS quadrangles.

Data for each basin is listed in tables on Appendix I. An index number
which relates discharge per unit area was created by dividing the low flow
value by the drainage basin area (discharge measured during low-flow
periods and believed to be representative of groundwater input). This
index allows comparison of basins of various sizes. Low index values may
indicate that groundwater in the basin may be discharging somewhere
other that the stream. High values may indicate that the basin's ground-
water is discharging to the stream or even that groundwater is being
imported from outside the basin boundary.

The topographic texture of Kitsap County is primarily that of low drumli-
nal hills which have been sculpted by the most recent glacial advance.
The hills are separated by long valleys, such as Big Beef and Gorst Creeks
and marine embayments, such as Liberty Bay and Dyes Inlet. Since the
retreat of the Vashon Glacier the landscape has been slightly modified by
stream erosion, landslides and wave action. Upland areas tend to be at
elevations of 300 to 500 feet above sea level and occupy approximately 75
percent of the study area. The flat valley floors occupy about 5 percent of
the county area with the remaining 20 percent occupied by transitional
valley slopes, sea cliffs and the Green and Gold Mountain area.
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Geology

Kitsap County lies in the center of the Puget Sound Lowland. The
lowland lies between the Olympic Mountains to the west and the Cascade
Range to the east. The Puget Sound Lowland is part of a large glacial
drift plain formed by multiple glaciations over the area. This history of
complex glacial erosion and deposition events separated by long periods
of non-glacial deposition has created a very complex mixture of uncon-
solidated sediments beneath the study area. This sediment blanket
ranges in thickness from 0 to over 3,600 feet. It overlays an irregular
bedrock surface which is exposed in the central and eastern portions of
the study area on south Bainbridge Island and the Green and Gold
Mountain highlands.

The geologic units in the County range in age from Tertiary (1.6 - 66
million years before present) to Recent. Two lithified rock units of
Tertiary age are exposed in Kitsap County. The oldest is the unnamed
igneous rocks that compose the Gold and Green Mountains located west
of Bremerton (West Kitsap Subarea). These rocks have been age dated
between 50 and 55 million years old (Duncan, 1982) and may be
equivalent to the Crescent Formation (Tabor and Cady, 1978) located on
the Olympic Peninsula. The younger lithified geologic unit is the
Blakeley Formation, which is between 20 and 40 million years old
(Fulmer, 1954). The unit consists of a thick sequence of marine and non-
marine sandstone, shale and conglomerate. The Blakeley Formation is
exposed on the southern portion of Bainbridge Island (Bainbridge Island
Subarea) and across Rich Passage around Point Glover (South Kitsap
Subarea) and north of Bremerton at Rocky Point and Sulfur Spring
(Poulsbo-Bremerton Subarea). Bedrock units are not major sources for
groundwater in Kitsap County.

The Tertiary rock units are overlain by a thick layer of glacial and inter-
glacial deposits of Pleistocene age. Much of the upland area of the
county is mantled by a veneer of glacial till with the valleys containing
predominantly glacial outwash and Recent alluvium. Nearly all of the
region's groundwater is produced from these Quaternary (Recent and
Pleistocene) sediments,

In the Pleistocene Epoch of the last 1.5 million years, the Puget Lowland
was occupied by at least five successive continental ice sheets. The
youngest of these, which receded about 15,000 years ago, was the Vashon
Stade of the Fraser Glaciation. During this period an ice sheet 1,000 to
1,400 feet thick covered Kitsap County



The geologic units presented in Table II-12 are primarily based on the
interpretation of the county's deeper well logs. These interpretations
have identified a superpositioned sequence of 13 units. In the study, these
units have been assigned stratigraphic symbols which are used in maps,
tables and cross sections. The lowest or oldest (Tv or Tb) have a "I
designator indicating Tertiary age. All others have a "Q" designator, indi-
cating Quaternary age. Both of these designators are according to
geologic mapping convention. The Q units are further subdivided as to
nonglacial deposits ("n") and glacial deposits ("g"). These are then desig-
nated 1, 2, 3, etc.,, with the numerals ranking each similar deposit from
younger to older. Thus, Qn3 is the third nonglacial (interglacial) deposit
which underlies the second youngest glacial deposit (Qg2).

Glacial units, designated by the letter "g", are generally coarse grained
materials (sand and gravel) deposited in high energy environments such
as meltwater streams and margins of glaciers. Most major aquifer zones
occur within these coarse-grained, glacial deposits. Nonglacial units,
designated by the letter "n", are generally fine-grained materials (silt and
clay) that were deposited in low energy environments such as still or deep
water. A few aquifer zones occur within the nonglacial units, but they
typically have low yields.

Names originating from glacial stratigraphic descriptions (i.e. Salmon
Springs Drift) would be more traditional, but are not advised due to the
uncertain state of the stratigraphic nomenclature at this time. Further,
the implication of correlation with units outside the study area is not
sufficiently justified. A tentative correlation with published nomenclature
is presented in Table II-12.

Unit Tv represents the Tertiary volcanic rocks correlated with the
Crescent Formation found on the Olympic Peninsula. The unit consists
mostly of basaltic lava flows and diabases of unknown thickness. This
rock crops out west of Bremerton, forming the Gold and Green
Mountains, which are the highest points in Kitsap County. Although
several wells have been drilled in Unit Tv, none are known to be major
producers of groundwater.

Unit Tb is the Blakeley Formation which consists of a thick sequence
(8,000 feet) of marine and non-marine sandstone, shale, and conglomer-
ate. This unit is exposed on wave-cut platforms along the south shore of
Sinclair Inlet and both shores of Rich Passage. The unit also is exposed
on the north end of Rocky Point and on Bainbridge Island. Like Tv this
unit is not a significant source of groundwater.
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Unit Qné6 is the oldest recognized unconsolidated unit above the previ-
ously mentioned lithified rocks. This nonglacial unit, of late Tertiary or
early Pleistocene age, is of unknown areal extent and thickness. It is not a
groundwater source and is not correlative with any unit identified in other
groundwater studies located outside the Kitsap County area. This unit
has been informally termed the Fletcher Bay formation by John B. Noble
in several unpublished studies.

Unit Qg5 is the oldest glacial unit encountered. This unit is of unknown
areal extent and is up to 100 feet thick. This unit has been found to be
highly productive when penetrated, as in the PUD well located at
Fletcher Bay (Well 20K01). The unit has been tentatively identified in
approximately 12 other locations throughout the county. It is located
quite deep, being 600 to 800 feet below sea level.

Unit QnS, the forth interglacial deposit, is generally a fine grained forma-
tion consisting of silt and clay with occasional peat and wood. The unit is
believed to be up to 600 feet thick. There is insufficient deep well data to
define the areal extent of the unit. The unit generally has very low
groundwater potential.

Unit Qg4 is a glacial deposit of the fourth oldest episode of glaciation.
This unit is up to 150 feet thick and has numerous wells completed in it
throughout the county. The unit is a complex mixture of several sediment
types ranging from sand and gravel to fine grained glacial lake deposits.
The unit is best recognized in the Port Orchard area and is represented in
Annapolis Water District Well No. 1 (Well 01K01). In this area it is
capable of producing groundwater yields ranging from 25 to 700. Outside
of the Port Orchard area this unit is commonly not utilized as a major
water producer and is generally bypassed to tap the deeper Unit Qg5.

Interbedded with Qg4 is a marine or glaciomarine deposit, designated
Unit Qgd4m. Clam shells of marine origin have been noted in some wells
that penetrated Qg4m. The unit, which may be up to 100 feet thick, has
an unknown, but probably limited extent. The unit is generally located in
the central portion of the county from Bangor to Bainbridge Island.

Unit Qn4 is a nonglacial deposit of the third interglacial episode. This
fine grained deposit, up to 200 feet thick, is laterally extensive and is
found throughout the central and southern Puget Lowland. It is probably
correlative to the Clover Park formation (Noble, 1989, in preparation) of
the southern Puget Sound area. Because of its fine grained nature, unit
Qn4 is generally an aquitard which hydraulically separates the Qg4 and
Qg3 aquifers. Qn4 does not yield substantial amounts of groundwater.
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Some shallow domestic wells are completed in this localized unit in a few
areas in the county.

All deposits younger than the Vashon glaciation are also grouped into
Unit Qnl. These consist of peat and recent alluvium both of which are
generally thin. The recent alluvium can be a source of groundwater in
some valley floors, particularly if in hydraulic continuity with surface
water.

In an effort to better understand the stratigraphic relationships of these
units, and assist in the delineation of the hydrogeology of the county, a
series of 22 cross sections were developed. The locations of the cross
sections were chosen to give the best areal coverage of Kitsap County
geology. The cross sections were drawn as straight lines through the
areas with the most reliable and abundant geological information. The
areas with a paucity of well data were avoided. The cross sections are
arranged so that wherever possible they could be matched or continued
by another section with minimal extrapolation between them, i.e. nearby
east-west cross sections can be lined up to give coverage of the entire
county on an east to west line. Once the location of the cross-section
traces were chosen and the topography plotted, all wells with geologic
logs that lie within approximately one-half mile of the cross section were
projected onto the section.

In addition to the stratigraphic unit symbols described above, the cross
sections, which are displayed as exhibits in Volume II, show the data-
source wells and a coded breakdown of the materials penetrated. These
lithologic codes are explained on the individual sections. Special indica-
tors (i.e. clam shells) are also shown. Wherever available, the tested
aquifer transmissivity and/or the well's specific capacity are also noted
adjacent to the tested interval for that well.

In general the cross sections show a high degree of variability in lithologic
and hydrologic characteristics, as well as thickness and extent of each
stratigraphic layer. Formations swell and pinch out in an unpredictable
manner, which makes interpolation between widely spaced wells tenuous.

The geologic characteristics maps for each subarea provide surficial
geologic information and are based on information presented in the
geologic map of the county created by Deeter (1979b), and a compilation
of mapping done by Sceva (1957), Molenaar, Garling and others (1965)
and Deeter (1979a). The geologic units shown on Deeter's map were
grouped into eight units of differing hydrogeologic characteristics. This
was done on the basis of the type of geologic materials, grain size and
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Unit 4 shows areas of organic sediments such as peat bogs and swamips
and are generally water saturated. This unit generally occurs as sporadic
deposits in valleys and as swamps which form in depressions in the upland
areas. The unit is characterized by low permeability such that percolation
to deeper zones is inhibited. Since these features are usually in local low
areas, they tend to accept runoff from adjacent areas. For this reason, in
some cases these areas can be significant as recharge zones in spite of
their relatively low permeability.

Unit 5 includes areas of poorly sorted glacial deposits. This unit consists
primarily of the geologic unit Vashon till which has the greatest areal
extent of all the surficial geologic units. In Kitsap County the till has
generally been deposited as a veneer which mantles older deposits. This
unit, particularly where it represents glacial till, is highly variable in it's
hydrologic character, Till is generally considered as producing high rates
of runoff and generally low permeability. However, our findings in Kitsap
County have demonstrated that significant groundwater recharge can
occur through till-covered areas. Areas mapped as Unit 5, therefore,
probably serve as the County's primary recharge area, though in a very
non-uniform manner.

Unit 6 delineates areas of stratified sand generally found as Vashon
advance outwash deposits. Though these deposits are extensive in the
county they are usually found below Unit 5 (Vashon Till). Surface expo-
sure is generally limited to areas where the till is missing. The deposits
are exposed for the most part in valley walls and sea bluffs. Since many
of these areas have been incorporated into Unit 2 there are only minor
areas mapped as Unit 6. This unit is characterized by low runoff rates
and high permeability. As such, when present it is a significant recharge
area. Where this unit is water saturated these deposits can serve as a
shallow aquifer.

Unit 7 represents gravel and coarse sand and gravel. It is generally found
as Recent valley alluvium or older recessional outwash channels of the
Vashon glaciation. This unit exhibits low runoff and high permeability. It
has hydrologic properties similar to Unit 6. However, inasmuch as the
unit is commonly underlain by till or other relatively low permeability
deposits it does not usually offer as direct a route to the deeper aquifer
systems as occurs in Unit 6. Some shallow domestic wells are completed
in areas dominated by Unit 7.

Unit 8 shows areas of undifferentiated glacial deposits where geologic or

hydrologic properties have not been adequately classified to define their
hydrogeologic significance. For the purpose of this study we have
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Rates of flow within the system are controlled primarily by aquifer
permeability and hydraulic gradients. For steady-state systems, rates of
flow can be quantified by Darcy's Law:

Q=K=1=A
where:
Q = Flowrate
K = Hydraulic conductivity or permeability
I = Hydraulic gradient
A = Cross section area perpendicular to flow

Shallow aquifer groundwater elevation contour and flow direction maps
were prepared for each of the project subareas and are presented within
Appendices A through E. The shallow aquifer is comprised of Vashon
glacial drift (Qgl) and Vashon advance deposits (Qgla), which include
Vashon advance outwash (Colvos sand and Esperance sand). Approxi-
mately 25 percent of Kitsap County residents are served by domestic
wells, The vast majority of these wells are screened in the shallow aquifer
system. Sufficient data was not available to assess flow within deeper
water bearing zones over the majority of the county.

The methodology used for generating these maps consisted of examining
the cross sections for each of the subareas to determine the approximate
lowest elevation of the shallow aquifers (Qgl and Qgla) in each subarea.
The chosen elevations were 0 feet above sea level in the Hansville-
Indianola and Bainbridge Island Subareas, and 100 feet above sea level in
the Poulsbo-Bremerton, West Kitsap, and South Kitsap Subareas. In
some areas, this selected elevation resuited in incorporation of locally
occurring deeper stratigraphic units.

The database was then queried for all wells completed at or above the
chosen elevations within each subarea. The result was a Dbase file for
each subarea which included well location (Lambert coordinates), local
well number, and water level elevation. A computer routine was then
used in conjunction with Autocad to convert each Dbase file into a
1:48,000 Autocad map showing well location, local well number, and
water level elevation. The shallow aquifer groundwater contour and flow
direction maps were developed by contouring the water level elevation
data. The Autocad map for each subarea was overlain on the corre-
sponding USGS 7.5 minute topographic maps to assist in the contouring
interpretations. The data were contoured using 50-foot contour inter-
vals, although 100-foot intervals are presented on the maps for clarity and
to account for confidence level of the available data.
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In constructing the contour/flow direction maps, many water level eleva-
tions were disregarded because they were suspected to be from a deeper
aquifer, Additionally, where well data were lacking, the contours were
inferred based on the assumption that the water level contours are
correlated with topographic contours. Inferred water level contours are
presented as dashed lines on the maps.

Infiltration Potential

Infiltration potential is a measure of an area's ability to absorb and
percolate precipitation. Once water has entered the soil to a depth below
the rooting zone (recharge), it flows downward to the water table
(perched, local, or regional) and becomes groundwater. Areas with high
infiltration potential are more likely to contribute to groundwater
recharge than areas of low infiltration potential. Consequently, an infil-
tration potential map provides a qualitative definition of areas that may
require special management practices.

The infiltration potential for any given area is a function of many vari-
ables. For this study, infiltration potential maps were developed based on
an analysis of soil permeability, topography, and land use.

Soil permeability will influence the rate at which incident precipitation
infiltrates into the subsurface. Clean coarse grained soils such as glacial
outwash will tend to promote much higher rates of infiltration than soils
with high percentages of fine-grained material such as glacial till or areas
with bedrock. The distribution of soil permeability as interpreted from
the geologic characteristic maps (see Exhibits A-1, B-1, C-1, D-1, E-1, and
E-2) is presented on Exhibit II-9. The relationship between soil perme-
ability categories and geologic units are presented in Table I1-13.

Topography or degree of slope will influence the degree to which water
runs off or infiltrates. Topography can also indirectly influence the
amount of drainage within an area. High slope areas will tend to be
better drained (i.e. lower net recharge) than low slope areas. The distri-
bution of slope as interpreted from the USGS topography maps is shown
on Exhibit H-10.

Land use (as it relates to impervious cover) will also influence infiltration
potential. Areas that are zoned and developed for commercial, indus-
trial, and high density residential purposes will have a high percentage of
impervious surface, which will serve to promote runoff and limit infiltra-
tion. On the other hand, areas zoned and developed for agricuiture,
natural resources, and parks and open spaces will have a low percentage
of impervious surface which will serve to limit runoff and promote infil-
tration. The distribution of existing land use is shown on Exhibit H-11.
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Future land use in accordance with currently adopted land use documents
for the County are shown in Exhibit II-12.

An empirical approach was used to develop infiltration potential maps.
Each of the parameters that influence infiltration were given weights and
rankings (see Table II-13). Each parameter was evaluated with respect to
the other parameters to determine its relative importance. Weighting
factors were assigned accordingly. Parameters judged to have a greater
influence on infiltration potential were assigned higher weighting factors.
Each parameter was then assigned a ranking factor that reflects the rela-
tive importance of the parameter on infiltration potential. High ranking
values will produce a higher infiltration potential rating. An overall infil-
tration potential rating score was then computed as the sum of the prod-
ucts of the ranking and weighting factors (see notes on Table II-13).

The weighting and ranking factors used in the analysis are presented in
Table II-13. The soil permeability and land use overlays were given a
weighting factor of 2.0 and the slope overlay was assigned a weighting
factor of 1.0. Thus, our analysis assumed that soil and land use factors
were considerably more important than slope in enhancing infiltration
potential. Ranking factors for all three parameters ranged between 1.0
and 10.0.

A special AutoCAD mapping procedure was used to develop the infiltra-
tion potential maps. A separate overlay was created for each of the
parameters. On each overlay, the parameters were broken into hatched
polygon areas and were assigned ranking values. Each overlay was given a
single weighting value. The infiltration potential maps were produced by
superimposing a gridded mesh over all of the overlays. At each grid
point, a resultant infiltration potential composite score was computed by
adding the product of all ranking and weighting values.

Two infiltration maps were prepared: a map based on existing land use
conditions as well as a map based on future land use conditions. The
objective of developing infiltration maps for both land use scenarios was
to assess areas where proposed land use changes may adversely impact
infiltration of recharge.

The results of the infiltration potential analysis for existing land use
conditions is presented in Exhibit II-13. The infiltration map for future
land use conditions is very similar to the map for existing conditions and
is not presented (i.e. the future land use scenario is approximately the
same as existing conditions as is shown on Exhibit IT-11 and Exhibit II-12,
consequently the infiltration potential is approximately the same).
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High infiltration potential areas occur extensively within the north, west,
and south portions of the study area. These areas tend to have medium
to high soil permeability, moderate to low slope, and land use patterns
with a low percentage of impervious cover. Low infiltration potential
areas occur extensively along the margins of the upland where slopes are
high, in urbanized areas (i.e. Bremerton, Winslow, Poulsbo, etc.) where
there is a high percentage of impervious cover, and in areas such as the
Green and Gold Mountains and the southern portion of Bainbridge
[sland where soil permeability is quite low (bedrock areas).

The infiltration potential map provides only a relative evaluation tool for
assessing factors which effect recharge. Extreme care should be exercised
when interpreting and applying the results of the analysis, particularly to
localized areas.

Recharge/Aquifer Vulnerability Potential

Recharge to the groundwater system is largely dependant upon the infil-
tration potential of the soil and precipitation rates. In addition, areas with
a high recharge potential also tend to be areas that are more vulnerable
to water quality impacts associated with land use activity. High recharge
areas are generally at greater risk to water quality impacts because
contaminants can be rapidly transferred to underlying aquifers.

A recharge potential/aquifer vulnerability map was developed based
upon an analysis of soil permeability, slope, and precipitation. The map
provides a qualitative definition of areas where the highest rates of
recharge are anticipated within the study area as well as areas where
underlying aquifer systems may be at greater risk to land use activity.

The approach to generating the recharge potential/aquifer vulnerability
map was similar to the procedures used in generating the infiltration
potential maps. The variables of soil permeability, slope, and precipita-
tion were assigned weighting and ranking factors that reflects their rela-
tive importance upon recharge potential (note, land use was not factored
into this analysis because it biases the recharge/aquifer vulnerability
potential within urbanized areas). High ranking values will produce a
higher recharge potential rating. An overall recharge potential rating
score was then computed as the sum of the products of the ranking and
weighting factors (see notes on Table I1-13).

The weighting and ranking factors used in the analysis are presented in
Table II-13. Soil permeability and slope were assigned the same weight-
ings and rankings as were used in the infiltration potential analysis.
Precipitation rankings were assigned based on the distribution of precipi-
tation rates with the highest ranking (9) associated with the highest
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precipitation rate (> 80 in/yr) and the lowest ranking (2) associated with
the lowest precipitation rate (< 20 in/yr). The distribution of precipita-
tion within the study area is shown on Exhibit II-15. Precipitation was
assigned a weighting factor of 2. Thus, our analysis assumed that soil and
precipitation factors were considerably more important than slope in
enhancing recharge potential.

The result of the recharge potential/aquifer vulnerability analysis is
shown on Exhibit [I-14. The location of the principal aquifer zones are
also superimposed upon the map to illustrate areas with relatively greater
aquifer vulnerability. Most of the principal aquifers occur at relatively
deep depths and are well protected from near surface contaminant
sources by overlying low permeability strata. Exceptions to this include
the Hansville, Meadowmere, Lynwood Center, and Poulsbo aquifers
which lie at relatively shallow depths (i.e. generally less than 150 feet).
The highest recharge potential areas occur within the western and south-
ern portions of the study area where precipitation rates are the highest.
High recharge areas also locally occur within other areas where perme-
able soils occur at the surface. The lowest recharge potential areas occur
within the northern portion of the County where precipitation rates are
relatively low as well as in vicinity of the Green and Gold Mountains
where soil permeability is relatively low.

Water Balance and Recharge

The water balance serves as the basis for initial planning of groundwater
use. It provides a general understanding of the components of recharge
and discharge and provides a basis for assessing the potential amount of
groundwater that can be developed for human use. This general under-
standing helps to manage groundwater resources by indicating the rela-
tive magnitude of each component of the flow system. It cannot be used
by itself as a tool for accurate long-term management of groundwater
resources. The variability of the natural earth system is too great to allow
precise knowledge of the individual components of the balance to the
degree required for management of the resource by water balance analy-
sis alone. Additional information obtained through monitoring the
system is needed for proper management. The water balance helps to
better understand the system and provides input to the design of moni-
toring plans that yield the information needed for management.

The water balance is based on the mass-balance principal: water going
into the system is equal to water flowing out of the system plus or minus
the change in storage of the water within the system. In our analysis we
have assumed that long-term (many year) change in water amounts within
the system will be accounted for in the trend analysis, as discussed later in
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ents and the permeability of deeper strata will control the rates
and direction of groundwater movement within the subsurface.
These factors are, in general, not easily quantified.

For this study, direct recharge was computed as the residual of
average precipitation minus average evapotranspiration and runoff
using a climatic water balance assessment. A "middle of the road"
approach was used to estimate resultant long-term recharge rates.
The approach uses the values that fall to the center of the range of
water balance components when computing resultant recharge.

Precipitation

Precipitation is the principal input to the hydrologic system. The
general distribution of precipitation within the project vicinity is
shown on Exhibit IT-15. The precipitation isoheytals (contour lines
of equal annual average precipitation) are based on an analysis of
U.S. Weather Bureau statistics for ten stations within the Kitsap
Peninsula area. The precipitation stations include Port Townsend,
Chimacum, Quilcene, Brinnon, Bremerton, Keyport, Vashon,
Wauna, Grapeview, and Union (note, the Port Townsend and
Union stations are not shown on the Exhibit). Long-term average
annual precipitation and the period of record for each of the
reporting stations is also shown on the Exhibit. The precipitation
isohyetals are primarily based on weather stations data for the 30
year period 1950 - 1980, Weather stations with more limited data
were only given partial weighting in the analysis (i.e. Brinnon and
Vashon). Bremerton has the only active U.S. Weather Bureau
Station within the County.

Precipitation data are also collected at the U.S. Naval Facility at
Bangor and at the Casad Dam in the Union River watershed west
of Bremerton. Data are not currently being collected at the
Bangor Station and equipment would need to be serviced.
Ongoing data collection is occurring at the Casad Dam Station by
the City of Bremerton. The data for these Stations has not been
included in the present analysis. However, these Stations could be
included in a regional precipitation data gathering network.

The areal pattern of precipitation within the County is largely
influenced by the rain shadow effects of the Olympic Mountains.
Average annual precipitation ranges from a low of approximately
20 inches/year in the extreme northern portion of the County
where the rain shadow effects are most pronounced to a high of
approximately 80 inches/year in the western portion of the
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be residual portion of the streamflow hydrograph after accounting
for the groundwater inputs.

Various methods can be used to estimate storm runoff. Within
this study, storm runoff was estimated as a percentage of average
anpnual precipitation. Recent modeling of streamflow by the
USGS has indicated that runoff percentages for Puget Lowland
basins typically range between 15 and 25 percent of total average

~ annual precipitation (USGS, Recharge modeling analysis for
South King County, in progress). Similar runoff percentages were
applied to each of the project subareas with consideration given to
variations in soils, slope, degree of urbanization and other
controlling factors influencing infiltration potential and runoff.
The assumed runoff percentage for each of the subareas is
presented within Table II-14. The percentages range from a low
of between 10 and 15 percent of total precipitation in the
Hansville-Indianola subarea to a high of between 25 and 30
percent in the West Kitsap subarea.

The location of stream gaging sites within the project area as well
as the period of record for each of the sites are shown on Exhibit
U-15. Presently, there is only one active gaging station within the
County that is being maintained by the USGS. The site is located
on Big Beef Creek near Seabeck (Exhibit II-15), Many of the
other sites, particularly those east of Bremerton, were operated for
short-term periods during the 1940s and 1950s in order to evaluate
surface water supply potential.

Hypothetical Groundwater Yield

Effective groundwater planning and management requires that one know
the limits to which water can be withdrawn creating unacceptable
impacts. By definition, any groundwater that is artificially withdrawn
from the system will result in some net impact such as reduction in
aquifer storage, reduction in natural discharge to surface water features,
and/or increases in recharge from surface water features. There is for
the most part insufficient data for providing a reliable assessment of the
relationship between groundwater development and the degree of impact
to the system. However, efforts must be made to provide some basic
framework in which to quantify the potential yield of the system in order
to evaluate present development patterns, to plan future development,
and to direct long-term efforts.

Groundwater yield is often defined in terms of either the sustained yield
or optimal yield of the system. U.S. Water Resources Council, Hydrology
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Committee, Bulletin 16 (revised), circa 1980, presents the most widely
accepted definition of these terms:

Sustained Yield - Continuous long-term groundwater production without
progressive storage depletion. Often interchangeably used with safe yield
which is the magnitude of yield that can be relied upon over a long
period.

Optimal Yield - The best use of groundwater that can be made under the
circumstances; a use dependent not only upon hydrologic factors, but also
upon legal, social, and economic factors.

A determination of the sustained yield generally requires a
comprehensive analysis of the hydrogeologic system which can be
provided through a rigorous program of exploratory drilling, aquifer
testing, and monitoring of water levels, streamflow and climatic data.
Data collected through such a program can be incorporated into
conceptual, analytical, and numerical models of the system that evaluate
the amount of groundwater that can be withdrawn from the system
without producing long-term water level declines and reduction in
storage. An alternative approach to evaluating sustained yield is to
monitor water level data as groundwater development proceeds and
make appropriate adjustments in development rates and patterns so as to
avoid water level impacts. The disadvantage of this approach is that it
does not provide a prediction of groundwater yield which may be
required for long-term planning of source development.

Optimal yield requires that one not only consider hydrologic factors when
estimating groundwater yield, but also any associated legal, social, and
economic factors. It is usually relatively easy to place a value an cost for
water pumped by a well. The value of natural discharge is significantly
more difficult to quantify. For example, natural discharge may be
maintaining a stream or a wetland, or the proper salinity balance in an
estuary. Changes in natural discharge to these environments may affect
plant and animal life, scenic beauty, fisheries, etc. Assessment of the
value of these situations are difficult to make. In general, the regulatory
community which represents the interests of society must ultimately
define what level of impact is unacceptable and what the optimal yield
may be for any particular system.

Determination of the groundwater yield of the system by either a
sustained yield or optimal yield approach is generally beyond the scope of
the present study. For the purposes of providing yield estimates for
planning needs, a simplistic analysis was used. In this analysis, the
"hypothetical groundwater yield" of the system was assessed as a
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percentage of the direct recharge which was computed from the water
balance analysis. The hypothetical groundwater yield was estimated with
the following relationship:

Hypothetical Groundwater Yield = Ci * Recharge Rate * Recharge Area

The coefficient Ci1 is assumed to be a best estimate of the fractional
percent of recharge that can be developed without imposing unacceptable
impacts on the system. For the most part, impacts can only be adequately
addressed through comprehensive long-term monitoring efforts. Long-
term monitoring data are available for only limited areas within the
project area. For this study we have assumed that an acceptable range in
C1 may lie between 0.3 and 0.5.

Hypothetical groundwater yield estimates were prepared for each
subarea based on consideration of two recharge areas. The first set of
hypothetical groundwater yield estimates only considers the recharge that
is contributed to the major aquifer systems that have been identified
within the County (see Section I1.4.C). These estimates reflect a lower
bound for groundwater development potential. The second set of
hypothetical groundwater yield estimates consider the entire subarea as a
recharge area for water supply (with the exceptions of bedrock and high
relief areas adjacent to Puget Sound). These estimates reflect an upper
bound for groundwater development potential.

The above methods for assessing contributing recharge area leads to
significantly different estimates of hypothetical groundwater yield. The
large range in the estimates can be attributed to the fact that the extent of
the major aquifer system is somewhat poorly defined at this time. As
more subsurface information becomes available, the extent of the
principal aquifer will be refined, and consequently the estimates of
hypothetical groundwater yield.

A summary of hypothetical groundwater yield estimates for all subareas is
presented in Table II-15. Estimates of average day and peak day
groundwater usage for the years 1985, 2010, and 2040 are presented for
comparison. In addition, annuail and instantaneous existing groundwater
rights are also presented for comparison.

Existing groundwater development within the Kingston-Indianola subarea
and the Bainbridge Island subarea fall within the midrange of the
estimates of hypothetical groundwater yield. Existing groundwater
development for the other three subareas generally falls near or well
below the lower limits of the estimates of hypothetical groundwater yield.
The hypothetical groundwater yield analysis suggests that additional
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for each subarea was identified in the following manner:

Subarea Depth Zone
(Depth from surface)
Shallow Deep
Hansville/Indianola < 100" >100'
Bainbridge Island <100’ >100'
Poulsbo/Bremerton <100 >100'
West Kitsap <250 >250'
South Kitsap - West <100 >100'
South Kitsap - East <100' >100'

These zones depict depth from ground surface rather than eleva-
tion.

Data Sources and Procedures

Several data sources were used to gather information for ground-
water quality trending. EPA provided historical data on wells in
Kitsap County monitored by USGS, as well as Class 1 and Class 2
public water supply wells. Ecology provided historical and current
data on the Class 1 and Class 2 wells within the study area. Water
quality data from Class 3 and Class 4 wells were obtained from
DOH. The DOH data was limited to only those systems which
contain one source. The current system for storing water quality
data at DOH ties the data into a water system through the system's
WFI rather than a specific source. In addition, data received from
DOH, could only locate wells to a quarter section accuracy.

Data was also received from specific investigations on potential
contamination from the following specific sites:

Strandley Scrap Metal Site

Wycoff Wood Preservation Facility

Bangor Submarine Base Ordinance Disposal Site

Activities at the Keyport Naval Undersea Warfare
Engineering Station

OO0 0O

The specific on-site data was excluded from the trending analysis
because this information would tend to skew the trending results
to very discrete areas rather than explain general groundwater
conditions throughout each subarea. Specific information of this
nature was used to evaluate potentially sensitive water quality
areas.
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The data from EPA, Ecology, and DOH was received in STORET
format. STORET is EPA's mainframe water quality database
system. The data consisted of files containing information on
individual station location and files containing parametric
information. A personal computer version, PCSTORET, was used
to take the separate data retrievals and combine them into a
master file. This master file is then accessed using PCSTORET to
retrieve the water quality data of interest. Exhibit II-17 displays
the locations of wells from which water quality data was evaluated.

Statistical Method

To evaluate the significance of water quality trends in the data,
regression analyses were performed for each parameter.
Parameter measurements versus time were plotted. Both a linear
and non-linear regression analysis of measurement against time
was performed, where time was quantified in quarters. Wells with
more than one observation within the same quarter were aver-
aged. In this way, no single well could skew the results either
upwards or downwards over time. Several statistics were calcu-
lated to assess the appropriateness of the regression. These statis-
tics and the regression methods are described below.

The best fitting of either a linear or non-linear form of the two
models was chosen. Statistics on the goodness of fit of the regres-
sion were calculated to evaluate the significance of the regression.
Goodness of fit refers to how well the regression equation explains
the variation in the data. These goodness of fit statistics include
the R-squared (R?) of the equation, the F-Statistic of the regres-
sion and the T-statistic of the coefficients. The R?2 statistic
measures the amount of explained variation in the regression. The
F-statistic for the regression can be used to test the significance of
all coefficients in the model. The T-statistic measures the signifi-
cance of individual coefficients. Values for these statistics, and
their meanings, are identified below:

Statisti Val Meani
R-squared  >0.5 Indicates that the equation moderately

explains the data for regressions of time
series data with over 20 observations.

F-statistic >10 Indicates a significant regression at the 5
percent level.

T-statistic  [2.00]  Significant at the 5 percent level.
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Trends

A summary of the trending analysis for each of the indicator
parameters can be found in the discussions of each subarea in
Volume II, and the water quality trend plots for all subareas can
be seen in Appendix H. In general, no significant trends in any of
the indicator parameters were found. Very few observations of
parameters measured above the MCL were found with the
exception of naturally occurring iron and manganese. These two
parameters were found at high levels in all of the subareas.
Historical information on pesticides and on the volatile organic
indicator parameters was virtually non-existent in the database.
The low r-squared valves seen on the majority of trend plots in
Appendix H indicate poor agreement between the data and the
calculated trend line equations.

Summary

Overall, the number of wells with water quality information in a
form usable for this type of trend analysis was not extensive.
Beyond compliance monitoring for public water supplies, and
shallow monitoring wells for specific contamination investigations,
there is little time series data for groundwater in Kitsap County. A
total of 554 wells were found to have documented water quality
data for discrete wells through computerized databases, and many
of these wells have only one or two sampling observations. Lack
of a common identifier for each well between the various local,
state and federal agencies charged with maintaining these records
complicated the effort to gather and correlate water quality data
with specific wells and the aquifer they withdraw from. EPA,
Ecology, and DOH each have separate interagency identification
schemes for their respective databases. In addition, the DOH
system identifies water systems rather than discrete wells. For this
reason, only the Class 3 and Class 4 wells in the water quality
database which contain a single source and were located down to

" quarter section could be used in the trending to insure that the

parameter was measured from the well rather than the distribution
systent.

Bacteriological data is documented by water system so this infor-
mation reflected distribution sampling as well as groundwater
source sampling. BKCHD personnel were interviewed to establish
areas where repeated bacteriological or inorganic/organic
contamination problems exist. No significant or chronic problem
areas were identified.
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TABLE [14

PESTICIDE/HERBI E USE AP
Crop Pesticide Use
Grass Dicamba, Picloram
Raspberries Methomyl,Simazine
Strawberries Simazine
Trees, Shrubs Dicamba, Picloram,
Triclopyr (Garlon)

2, 4-D Glyphosate

Christmas Trees Atrazine®*, Hexazinone®, Simazine
Triclopyr (Garlon)
2, 4-D Glyphosate

* Includes annual.
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TABLE 11-10

KITSAP COUNTY

SUMHARY OF WATER USE PROJECTICNS (1)

AVERAGE DAY DEMAND (MGD)

SCENARIO 1 - EXISTING CONDITION (2)
Subarea 1 - Hansville-Indianola
Subarea 2 - Balnbridge Island
Subarea 3 - Poulsbo-Bremerton
Subarea 4 - West Kitsap
Subarea 5a - South Kitsap West
Subarea 5b - South Kitsep East

TOTAL Existing Condition

SCERARIO 2 - WITH MULTI-FAMILY INCREASE (3}

Subarea 1 + Hansville-Indiancla

Subarea 2 - Bainbridge Island

Subarea 3 - Poulsbo-Bremerton
Subarea 4 - West Kltsap
Subarea Sa - South Kitsap West

Subarea 5b - South Kitsap East

TOTAL Multi-Family Encrease

SCEHARIO 3 - WITH WATER CONSERVATICN (4)

Subarea 1 - Hansville-Indianola
Subarea 2 - Bainbridge 1lsland
Subarea 3 - Poulsbo-Bremerton

Subarea &4 - West Kiteap
Subarea 5a& - South Kitsap West
Subarea 5b - South Kitsap East

TOTAL MWater Conservation

SCENARIO & - MULTI-FAMILY INCREASE AND CONSERVATION (5)

Subarea 1 - Hansvilile-Indianola
Subarea 2 - Bainbridge Island
Subarea 3 - Poulsbg-Bremerton
Subarea 4 - West Kitsap

Subarea 5a - South Kitsap West
Subarea 5b - South Kitsap East

SCEMARIO 1 - EXISTING CONDITION (2)
Subarea 1 - Hansville-Indlanola
Subarea 2 - Bainbridge Island
Subarea 3 - Poulsbo-Bremerton
Subares 4 - West Kitsap
Subares 58 - South Kitsap West
Subarea 5b - South Kitsap East

TOTAL Existing Condition

SCENARIO 2 - WITH MULTI-FAMILY INCREASE (3)

Subarea 1 - Hansvilie-Indianola
Subarea 2 - Bainbridge Island
Subarea 3 - Poulsbo-Bremerton
Subarea 4 - Mest kltsap

Subarea 5e - South Kitsap West
Subarea Sb - Scuth Kitsap East

TOTAL Multi-femily Increase

SCENARIO 3 - WITH WATER CONSERVATION (4)

Subarea 1 - Hensville-Indianola
Subares 2 - Bainbridge Island
Subarea 3 - Poulsbo-Bremerton
Subarea & - West Kitsap

Subarea 5a - South Xitsap West
Subarea 5b - South Xitsap East

TOTAL Water Conservation

SCENARIO 4 - MULTI-FAMILY INCREASE AND CUNSERVAT!Oﬁ {5)

Subarea 1 + Hensville-1ndianola
Subarea 2 - Bainbridge Island
Subarea 3 - Poulsbo-Bremerton
Subarea &4 - West Kltsep

Subarea 5a - South Kitsep West

Subarea 5b - South Kitsap East

YEAR : STRAIGHT-LIKE :
1985 : 1990 : 1995 : 2000 : 2010 : 2020 : 2030 : 2040 :
2.80 3.09 3.65 4.34 5.02 576 6.39 :
.74 1.87 2.1 2,29 243 2.57  2.72
1341 14.38 16.85  19.10  21.36  23.59  25.84 :
308 3.2% 3.36 3.5 3.73 3.91  4.09 :
3.59 3.79 413 4.43 473 5.03  5.32
426 4.81 5.70 6.59  7.49  B.38  9.28 :
28.85  31.14  33.49  35.83  40.28  44.73 4918 53.64 :
2.80 3.09 3.35 3.60 4.28 .95 5.62 6.29
174 1.87  1.99  2.10  2.24  2.38  2.52  2.66 :
15.41 14,38 15.3%  16.18  1B.31  20.44  22.57  24.70 :
3.08 3.21  3.28 336  3.54 373 3.9%  4.00 1
3.79  3.95  4.40 .40 4.69 .99  5.28 :
4.81  5.14  5.46  6.32  T7.18  B.03  B.89 :
28.85  31.14  33.02  36.81  9.08  43.36  47.64  51.91 :
2.80 3.09  3.25  3.38  4.00  4.62  5.23  5.85 :
1,74 1.87  1.92  1.95  2.08  2.21 2.3  2.47 :
13.41  15.38  14.86  15.22  17.26  19.26  21.28  23.30
308 3.21 3.25  3.28 344 3.8 .07 3.94
3.5 3.79  3.87  3.94  4.21  4.48 475 5.02 :
4.2 4.81  5.00 5.1  5.95  6.76  7.56  B.37 :
28.85 31.16 3215  32.92  36.92  40.93  46.94  48.9% :
2.80  3.00 3.23 3.3 3.94 4.54 5.15 5.75 :
1.74  1.87  1.90  1.91  2.04  2.16  2.29  2.41 :
13041 14,38 14.55  14.54  16.45  1B.35  20.26  22.16 :
3.08 3.2 3.25  3.28  3.44  3.61  3.77  3.94 :
3.5 379 3.8  3.92  AAB 445  4.71  4.98 ;
4.24 . 6.46  7.21  7.98
28,85 39.56  43.39  47.22
6.41 7.28  8.13 8.97 11.03  13.08 15.14  17.19 :
4.70 5.10  5.51 592  6.35  6.78  7.21 7.64
33074 36.52  40.00  43.48  49.89  56.30  62.70  &9.11 :
4.5 4.55  4.78  5.00  5.55  6.10  6.65  7.19 :
6.22  6.81  7.33  T.84  B.7&4  9.64 10,53  11.43 :
1236 14.08  15.41 16,74  19.42  22.11  24.80  27.4B :
e ==zm=n =z===x ======ci cEmuEs ===zz= z===z==== Z===Si 3
67.59  74.34  81.15 87.96 100.98 114.00 127.03 140.05 :
6.41  7.26  8.07  8.84 10.85  12.86 14.88  16.89 :
4.70 5.10 5,45 5.80 6.21 5.63 7.05 T.46
3374 36.52  39.17  41.65  47.72  53.79  50.86  65.93 :
415 485  4.78  5.00  5.55 .10  6.65  7.19
622 6.81  T.29  1.77  B.65  9.53 1042 11.30 :
12.36  14.08  15.08  15.03  18.60 21.18  23.75  26.33 :
67.59  74.36  79.84  B85.07 97.58 110.09 122.60 135.10 :
.41 7.28  7.77 8.7 10.02  11.87  13.72  15.57 :
4,70 5.10  5.24  5.35  5.74  6.13  6.52  6.91
33,74 36.52  38.03  39.08  44.95  S50.71  S6.48  62.24 :
4.15  4.55  4.64  4.75 5.2  5.74 6.2 6.73
6.22  6.81  7.08 7.29  8.00  8.90  9.71  10.51 :
12,36  14.08  14.65  15.08  17.50  19.92  22.34  24.75 :
====z== ====== _===== === ====2= Ez==== FEEEEE ="g-==3= :
87.59  74.34  7T.43  79.8%  91.55 103.27 114.99 126.71 :
6.4%  7.28 7.1 B.04  9.85  11.65  13.46  15.27 :
470 5.10  5.199  5.23  5.60  5.98  &.35  6.72 :
3374 38.52  37.20 37.34  42.77  4B.20  S3.63  59.06
415 4.55 466 475  5.25  S5.74  6.24  6.73 :
6.22  6.81 7.04 7.21  B.00  B8.80  9.59  10.39
12,36 14.08 14,32 14.37  16.68  18.98  21.29  23.0 :
67.59  T4.34  76.12  76.95  BB.1S  99.36 110.56 124.77 :

See next page for footnotes.
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TABLE II-12

N E REGI TION OF RAP
SUGGESTED
UNTT THIS STUDY REGIONAL CORRELATION
Qnl. Recent alluvium and peat deposits Quaternary alluvium

younger than Vashon and peat glacial
tifl-unit is too thin to be shown on
these sections

Qgl. Vashon glacial till : Vashon till

Qgla. Vashon advance deposits Vashon advance outwash Colvos
sand, Esperance sand

Qn2. First interglacial deposits unnamed deposits below the Lawton
Clay (Mullineaux, 1965)
Qg2. Second glacial deposits Possession Drift (Easterbrook,
(Mid-cliff drift) 1968)
Qn3. Second interglacial deposits Whidbey Formation (Easterbrook,

1968) Kitsap Formation (Garling &
others, 1965)

Qg3. Third glacial deposits Double Bluff Drift (Easterbrook,
(Sea level dnift) 1968)

Qn4.  Third interglacial deposits Uncertain

Qgd. Fourth glacial deposits Uncertain

Qgdm. Marine/glaciomarine deposits Uncertain

QnS. Fourth interglacial deposits Uncertain

Qg5.  Fifth glacial deposits Uncertain

Qné.  Ancient non-glacial Pleistocene Uncertain
deposits

Tb. Blakeley Formation (Tertiary) Blakeley Formation (Weaver, 1912)

Tv. Volcanic rocks (Tertiary) Crescent Formation(?)

(Arnold, 1906)
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