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It is possible that many existing wells will adequately aid in this effort. Many wells of
record have not been computerized given the limitations on project resources. Field
survey of wells would provide accurate definition of well location, elevation, construc-
tion details, water levels, and ownership. At a minimum, all public water system wells
should be field checked to incorporate into the database.

It is also recommended that collection of information cited in subsequent paragraphs be
done in a manner consistent with the GWMP's Quality Assurance Project Plan (QAPP)
and reported in accordance with the GWMP's Data Management Plan.

The first part of this section discusses hydrogeologic data collection. It is followed by a
discussion of hydrologic data collection needs. The third and final part of this section
considers future water quality data collection.

1. HYDROGE IC DATA COLLE N

Many of the test drilling and well monitoring suggestions were developed by
analysis of the information presented in Exhibit II-8, which displays the principal
aquifers of Kitsap County. This analysis defined numerous data needs for
proper definition and management of the groundwater resources of the county.
The relative unknown lateral extent and the incomplete understanding of aquifer
parameters for most of the delineated aquifers clearly indicates that extensive
test drilling and aquifer evaluation testing should be considered in long range
planning. Also apparent are the large areas which have no presently identified
aquifers, especially in the western and southern portions of the county. This lack
of identified aquifers most likely reflects a lack of data rather than a lack of
aquifers. In addition, a system for standardizing data gathering and recording
during pumping and non-pumping periods should be established throughout the
County.

Another critical data need is the collection of information which will allow
refinement of the water budget calculations for the county. A particular need
for water level and runoff data exists. This means regular measurement of key
wells to create hydrographs and gauging of streams and lakes and wetland areas
to provide definition of the surface/groundwater interaction. The following data
collection plans are designed to supply that supplemental data that can
reasonably be generated at this time. (In the water quality data collection part
of this section a number of wells are proposed for background water qguality
monitoring in the shallow aquifer. These same wells could be used for obtaining
water level data in the shallow aquifer.)

A. Hansville-Indianola Subarea

A water level monitoring program for each of the five designated aquifers
should be developed and implemented as soon as possible, with at least
one dedicated monitor well in the Hansville, Poulsbo and Port Gamble



South aquifers and two in the Kingston and Suquamish-Miller Bay
aquifers. A suggested monitor well location for the Hansville aquifer is
T28N RO2E Sec 28G. Several test wells are known to exist in the
Hansville aquifer which may qualify as monitoring sites, such as well
22N01. The first effort in this area should be to determine the status of
these wells and select the most appropriate as a monitoring site. In the
Port Gamble South aquifer, Well 28C02, known as the old Wolfe
Elementary School Well, is recommended as a possible monitoring site.
Two areas are recommended in the Kingston aquifer, one in T27N R02E
Sec 25 (Well 25E03) and a second in T27N RO2E Sec 35 (Well 35K01).
The Suquamish-Miller Bay aquifer should be monitored in T26N RO2E
Sec 9 and T26N RO2E Sec 20, suggested specific wells within this area are
20L01 and 09HO1. A new well in T26N RO2E Sec 13G is suggested for
the Poulsbo aquifer. Monitoring wells should be set up such that the
water levels are measured at least on a monthly basis. The data should
be verified and placed in the database every 6 months.

The principal resource management need for the Hansville aquifer is for
the identification of an innovative method of efficiently extracting the
water from the aquifer. This may be through a periphery collection
system, by numerous low-yield wells within the aquifer, or by a method as
yet not considered. Monitoring of fluctuation of water levels in this
aquifer is critical to proper management of its production and to the
recognition of the point where production limits of the aquifer are
reached.

Recent drilling efforts in the Port Gamble South aquifer at the Wolfe
Elementary School have demonstrated the limits of the aquifer to the
southeast. Due to the limited number of successful wells in this unit (4),
the principal need here is for additional test drilling to define the lateral
extent of the aquifer and to establish better understanding of aquifer
parameters. A site between Wolfe School and the PUD well at
Gamblewood, probably within T27N RO2E Sec 21N, is recommended for
test drilling to a level of about 200 feet below sea level. Additional
options for deep exploration should also be considered. Following
completion of this well a second similar test well should be considered in
T27N ROZ2E, in the east half of Section 19 or along the western edge of
Section 20,

The Kingston aquifer could possibly have a greater potential pumping
capacity with its existing wells than the aquifer can supply. Prior to
installing more production wells a thorough monitoring system should be
installed to evaluate both the shallow and deep systems. Suggested moni-
toring well locations are T27N RO2E Sec 25 (Well 25E03) and T27N
RO2E Sec 35 (Well 35K01). Should the monitoring data show that the
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RO2E Sec 10A. A summary of the recommended monitoring and explo-
ration locations for Bainbridge Island can be seen in Table ITI-2.

Poulsbo-Bremerton Subarea

This subarea contains the greatest number of aquifers identified in the
study and also possesses the greatest number of major producing wells. A
water level monitoring program for each of the principal aquifers in the
subarea should be developed and implemented as soon as possible. It is
suggested that at least one dedicated monitoring well be placed in the
Edgewater, Keyport and Island Lake aquifers. Multiple monitoring wells
should be set up in the Bangor, Silverdale, Bucklin Hill, Gilberton-
Fletcher, and Manette-Bremerton North aquifers.

The Edgewater aquifer, which contains two production zones, requires
testing and water level monitoring in order to clarify aquifer response to
pumping and to evaluate the production capacity of the system. An
existing well (27F02) could be set up to provide aquifer characteristics, as
an observation well for production well testing, and to monitor regional
water levels. Unless this information demonstrates that the aquifer
cannot support additional expansion, test wells should be drilled to the
south in T27N RO1E Sec 34R and 35Q.

The aquifer characteristics of the Keyport aquifer have been fairly well
defined by the five deep wells on the U.S. Navy torpedo station. Report-
edly these wells produced about 600 gpm on a nearly continuous basis
from two of the five wells for cooling water. The long-term withdrawal
effectively demonstrates that a major water supply exists within this
aquifer.

The PUD presently has a possible monitoring well at their Keyport No. 2
site (Well No. 36M01). Records from that well, combined with pumping
use in the area, may demonstrate that additional production is possible
from this aquifer. Should the assessment of this data demonstrate the
possibility of expanding production from the aquifer, deep test drilling
should be contemplated along Liberty Bay to the northwest and southeast
and may be possible across the bay near Lamolo. Test drilling sites would
depend primarily on property availability but may be suggested in T26N
RO1E Sec 27P, T26N RO1E Sec 01E, and T26N RO1E Sec 30R.

The Bangor aquifer is a major system which, except for Vineland, is
essentially confined to Navy property and almost exclusively used by the
Subbase Bangor facility. Historical records, including records prior to
extensive pumping in this area are very good for this aquifer. Evaluation
and monitoring of this aquifer was performed by Robinson & Noble, Inc.
over a 7-year period, from 1975 to 1982, while the base was being

II-6



constructed. Later records of water use and water levels need to be
assessed. Major surpluses of water beyond the Navy's requirements may
be available from this aquifer. Estimated natural subsurface flow for the
aquifer system is at least 2,000 gpm. During dry-dock construction, a
withdrawal of 3,500 gpm induced moderate saltwater intrusion.
Development of these sources would most likely require access to Navy
property. Refinement of the aquifer characteristics could be
accomplished by developing a dedicated monitoring program for Wells
31B02 and 19P01.

The Island Lake aquifer is defined by three major Silverdale Water
District wells with a potential pumping capacity of over 2000 gpm. The
base of the aquifer is above sea level and the aquifer may have continuity
to the north. The principal data need for this aquifer is a thorough moni-
toring program which documents pumping and non-pumping water levels
and production rates for each well. By 1988 the aquifer was undergoing
its first major stress. A dedicated monitoring well located near the center
of the area in T25N RO1E Sec 03G would be useful. Such a well would
measure general aquifer water level response and be less influenced by a
pumping well in close proximity. If this monitoring program does not
demonstrate that the aquifer capacity has been reached the expansion of
production may be reasonable. Any expansion of production should be
from within the defined aquifer boundaries or very near the east and west
edges of the delineated area.

A secure staff gauge should be set in Island Lake to measure water level
changes. The lake may be hydraulically connected to the Island Lake
aquifer system.

The Silverdale aquifer is found between sea level and 250 feet below sea
level. This aquifer served all of Silverdale's needs for more than 30 years
until the Island Lake wells came on line. Although no aquifer depietion
is evident at the present time, dedicated monitoring wells should be set
up in wells 16J01 and 20C01.

A new well is presently planned to be drilled at T25N, RO1E, Sec 19P to
test for a western extension of the Silverdale aquifer. A redeveloped well
("Newberry Hill Interchange", Well 29D01) has shown a deep aquifer
zone that had not been previously recognized. Monitoring of these new
wells is important prior to increasing the production stress on the aquifer.

The Bucklin Hill aquifer system is shared by North Perry Avenue District,
Bremerton and Silverdale. It is a relatively deep system which has not to
date been subjected to major pumping. Monitoring of pumping and of
water levels is essential to determine the response of this system to
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this subarea. The data collection for this area may be best oriented
toward the identification of major aquifers which can be developed for
future export of the resource to other sections of the County. Monitoring
of the response to withdrawal at the University of Washington Big Beef
facility will give some insight as to aquifer response to stress. A summary
of the recommended monitoring and exploration locations for the West
Kitsap subarea can be seen in Table III-4.

South Kitsap Subarea

The data collection needs of this subarea tend to fall into two distinct
categories. These are divided rather neatly between the needs of the
northern and those of the southern portions. The northern portions
contain seven defined aquifers located principally along the more densely
populated areas of Gorst, Port Orchard and Manchester. The southern
portion presently has no defined principal aquifer units. As a result the
future data collection needs of the southern portion of the subarea are
quite different.

Several dedicated monitoring wells are suggested for the Gorst Creek
aquifer and at least one dedicated water level monitoring well is recom-
mended in each of the other defined aquifers.

The Clam Bay aquifer is an aquifer with a very small areal extent, yet is
utilized by Manchester, the Navy, and the Wautauga Beach community.
It is bounded by bedrock and by relatively impermeable glacial deposits;
as such it has the geometric conditions that make aguifer overdraft likely.
Water quality is variable within the aquifer particularly with respect to
iron content which is very high at Wautauga Beach. Two new wells have
been recently drilled by Manchester Water District. Since there are no
plans to place these in service in the immediate future, one of these wells
(Well 21B01) is suggested as a key well in monitoring of the aquifer.

The Yukon Harbor aquifer is presently used exclusively by Manchester
Water District. Production is principally from two adjacent wells off
Garfield Road. The original well (Colby), near the Yukon Harbor
shoreline is in limited use. The older well (33J01) should be dedicated as
a monitoring well for this relatively small aguifer system. The lateral
extent of the aquifer is poorly defined by existing data. This should be
rectified by a test drilling program. The first effort should consider
drilling to the southwest in T24N, RO2E, Sec 33P.

The Wilson Creek aquifer has recently been put to use by Manchester
Water District where there are three wells in the same field. Pumping
tests have indicated the presence of confining boundaries which will ulti-
mately limit withdrawal. One of the shallower wells in the field, perhaps



Well 10G03, should be considered as a candidate for conversion to a
dedicated monitoring point to record seasonal and long-term changes.
Wilson Creek itself appears to have a strong baseflow which may indicate
capture of groundwater from beyond its topographic basin boundary.
Wilson Creek should be gauged to define seasonal variation in stream
flow.

Numerous very deep wells which are completed in the Port Orchard
Deep aquifer, have been used in and near Port Orchard for over 50 years.
Past water level monitoring has been sporadic at best. Recent reviews of
this data suggest no major declines in artesian pressure in these wells, A
more systematic monitoring program is required to draw definitive
conclusions. When proper monitoring is accomplished, it may be found
that additional groundwater is available from this aquifer. Several
unused wells exist in the area. Some of these may be available for moni-
toring by both the Annapolis (Well 25Q02) and Port Orchard Water
Districts (Well 26K05).

The North Lake-Bremerton South aquifer actually contains three aquifer
zones. The shallowest is tapped by McCormick Woods Water Co. This
zone has recently been put to heavy use and has experienced subtle water
level declines, which may be indicative of either aquifer depletion or
recent relative drought conditions. Overflow from this shallow system
ultimately feeds Anderson Creek which should be considered for stream
gauging to evaluate seasonal variations in flow volumes.

Bremerton's Anderson Creek well field taps the deeper systems. The
shallower of these extends to about 200 feet below sea level; the deeper
extends to about 500 feet below sea level. Pumping of each has minor
influence on the other, but there is considerable interference between
wells within the same system. Bremerton has several old wells that could
be scheduled for abandonment. Prior to this, efforts should be made to
equip such wells as monitoring wells to better assess the seasonal and
long-term water level changes in Wells 33102, 33K02, and 09C02.

The shallower component of this aquifer tapped by the McCormick
Woods wells may extend a considerable distance to the south and is
believed to be a possible source of groundwater flow into Coulter Creek.
Test drilling is recommended south of North Lake in T23N, RO2E, Sec 9.
In addition, stream gauging of Coulter Creek should be implemented to
define water flow volumes.

The Gorst Creek valley, from near its mouth west to Twin Lakes, has
been recently studied and several test wells have been drilled. Based
upon this program the fairly shallow, highly transmissive Gorst Creek
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aquifer has been identified. To-date, there has been no major produc-
tion. This aquifer system could become very important to Bremerton as a
groundwater supplement to the City's surface water supply. Monitoring
plans should be developed immediately to establish baseline water level
conditions prior to initiation of additional production from this aquifer in
Wells 31F01, 35R01 and 36R02.

The Salmonberry aquifer system, which is roughly 150 to 200 feet below
sea level, is used by both Annapolis and Port Orchard Water Districts.
The aquifer may be an eastern continuation of the shallower zone at
Bremerton's Anderson Creek well field. The system has been in use for
at least 15 years. A monitoring system should be initiated to facilitate
evaluation of the aquifer response characteristics in Wells 02M03 and
01KO01. The aquifer is thought be extensive to the south. Test drilling
about a mile south of the Salmonberry well field in T23N, RO1E, Sec 1K
is advisable to delineate the southern boundary of the aquifer.

The available hydrogeologic data from the southern portion of the
subarea is dominated by shallow domestic wells with occasional wells
drilled to moderate depths. Future test drilling in this area should focus
on definition of deeper stratigraphy and evaluation of aquifer parameters.
Test wells can only be realistically considered where population growth
supports the development of larger water production facilities. At the
present time these areas appear to be to the south of McCormick Woods
and along the State Highway 16 corridor. Deep test wells could be
considered in T23N RO2E Sec 32L, T22N RO2E Sec 07J, T23N RO2E Sec
21R, T23N RO1E Sec 24G, T23N RO1E Sec 35F, T22N RO1E Sec 09L,
T23N R 01E Sec 28M, T22N RO1E Sec 06H, T23N RO1W Sec 24R, and
T23N RO1W Sec 35G. A summary of the recommended monitoring and
exploration locations for the South Kitsap subarea can be seen in Table
I-5.

2. HYDR T L
A Stream Gaging

Streamflow data is a critical element in evaluating water balance relation-
ships within any given drainage basin. Streamflow data can also provide
insight into possible hydrogeologic impacts related to groundwater devel-
opment. Currently, there is only one active stream gaging station within
the County. The site is located on Big Beef Creek near Seabeck. Previ-
ously however, in the 1940s and 1950s many other stations were operated
within the County. Additional streamflow data should be collected
throughout the County.
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Criteria for selecting stream gaging sites would be as follows:
0 Locate sites in proximity to major groundwater pumping centers;
0 Locate sites where historical streamflow data are available;

o Locate some sites within urbanized areas to evaluate effects of
urbanization on runoff; and

0 Accessibility, channel geometry, and other siting factors.
See Table ITI-6 for potential stream gaging sites listed by subarea.

Implementation of streamflow measurements could be coordinated with
the surface water data collection recommendations for Kitsap County's
Basin Planning effort. These recommendations have been reported by
the Kitsap County Watershed Ranking Committee.

Precipitation Monitoring

Precipitation information is a major component in water balance calcula-
tions. Accurate and extensive data can help to refine recharge/discharge
relationships and provide a more detailed assessment of groundwater
resources.

Currently, there is only one active U.S. Weather Bureau site in Kitsap
County which is located in Bremerton. Precipitation rates vary widely
throughout the County from as little as 20 inches/year in the Hansville
area to as much as 80 inches/year in the western portion of the County.
Additional precipitation data sites are needed to evaluate this wide range.
The orographic influence of the Green and Gold Mountains is poorly
understood. Additional data is required to evaluate the distribution of
precipitation within this area.

See Table ITI-6 for potential precipitation monitoring sites.
Lakes and Wetland Habitat Gaging

Staff gaging data from lakes and wetlands can provide valuable informa-
tion on potential hydraulic continuity between surface and groundwaters.
Several representative lakes and wetland areas have been recommended
for staff gaging data collection, and are listed by Subarea in Table IT1-6.

II-13



LATTRLE T T

¥ % vom el i \l‘% ‘““il'ﬁﬂ“ i"““i

UV TS L) . ‘i.ﬁ uﬁq.‘-’\;?:

.W"iw “ ¥y ““’Q”" My o "'.‘“ - YT

- \1“ R *w§ﬂi“"‘ :-‘ 1"”!"1"- A ‘ﬂ i’_ﬁf‘
“‘f‘ﬁ;ﬂ S 5 -.--.t. B '

i, T S

Tam n. :;ﬂiuiﬁﬁi ‘“"""ir‘? w.{-»-w'iw"-‘ ‘,‘Ni i‘qﬂ ..af <_‘| N

-
T v ﬂ.!’ X PN R

e i'_‘. |‘i'“ "'".! I‘i; .._ . " i b B LA ‘?‘t“‘t'

T‘*mii; ; Q | O R LA

_ 1% ) "‘F“Fhi‘tﬁ g Lﬁ“ e q-"'ﬂ’ ';-;r-. S wow
AN %ﬁ LU SIS T O

| ! \“-.._ SN Y

TR Vg‘u“ “siihi

ey

Y‘ < & ‘f‘?.‘ T"i Al ‘“ *“ q q.‘n :-H..I © %A

I .

g ..'ah i’h W *""ﬁﬁmff'

'i““'i_ t A i’ M_.,_J. S e W
S NE QW'*I‘“ Wiy - '
as 2L W add R W Fav ‘ it*mﬂ.
W Y N ~.~.. " SR

e - I - _{.‘m PR - I N
B TR DR ) 1"“ “aiioy *Wwi“ SN Y
o Shos i BlEw N N N - “r:
NOE W T e “ ‘..m-‘; SR SR
RO (L wwaw““'s‘ﬁ* N -r“ir- ST g“i:i:t

| -
RS . . - b

. *gﬁﬁ L AL T
2 gy

A s X

"i".l.* “1 *‘*‘*w "’ qﬂ“‘“ t‘j_‘:l o — ,p:"-.a;i‘.n

I S

L S .

T

LT L. T
b ?qwm*~l----- COL AT L T

=

i B 1

o v

—_———

B e



(3)

Agricultural Indicators
Nitrate
Ammonia
Atrazine
Dicamba
Hexazinone
Methomyl
Picloram
Conductivity, pH
EDB

Garlon

2,4-D

Usbanizition Tadi
Total and Fecal Coliforms
Nitrate

Chloride

Sulfate

Conductivity, pH

Other

Primary/Secondary Contaminants for public water supplies
Volatile Organics

Frequency

Indicator parameters for urban and agricultural land uses should
be taken quarterly or twice/year. Background data on volatile
organic chemicals should be taken quarterly the first year then
twice per year for following years. Primary and secondary drinking
water contaminants from public water supplies should be incorpo-
rated into the database. These parameters are monitored
according to compliance schedules.

Bainbridge Island Subarea

(1)

@)

Monitoring Locations
Specific monitoring locations are presented in Table ITI-8.

Parameters

Parameters should include indicators of urban and industrial/
commercial activity, as well as agricultural activity. Specifically:

III-15



i icator
Total and Fecal Coliforms
Nitrate
Chloride
Sulfate
Conductivity, pH
Industri Ici
Conductivity
pH
Trichloroethylene
Tetrachloroethylene
1,1,1-trichloroethane
Methylene Chloride
Vinyl Chloride
Cyanide
Chromium
Cadmium
Phenols

Itural Indi T

Nitrate
Ammonia
Atrazine
Dicamba
Hexazinone
Methomyl
Picloram
EDB
Garlon
2,4-D
Conductivity, pH

Other

Primary/Secondary Contaminants for public water supplies
Volatile Organics

(3) Frequency

Indicator parameters for industrial and urban land uses should be
taken quarterly or twice/year. Background data om volatile
organic chemicals should be taken quarterly the first year then
twice per year for following years. Primary and secondary drinking
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€)

Picloram

EDB

Garlon

2,4-D
Conductivity, pH

Saltwater Intrusion
Chloride

Sodium
TDS, Conductivity

Other

Primary/Secondary Contaminants for public water supplies
Volatile Organics

Frequency

Indicator parameters for industrial and urban land uses should be
taken quarterly or twice/year. Background data on volatile
orgamc chemicals should be taken quarterly the first year then
twice per year for following years. Primary and secondary dnnlung
water contaminants from public water supplies should be incorpo-
rated into the database. These parameters are monitored
according to compliance schedules.

West Kitsap Subarea

(1)

)

Monitoring Locations
Specific monitoring locations are presented in Table III-10.
Parameters

Parameters should include indicators of agricultural and forestry
activity. Specifically:

Agricultural Indicators
Nitrate

Ammonia

Atrazine

Dicamba

Hexazinone

Methomyl

Picloram

II1-18



()

2,4-D

EDB

Garlon
Conductivity, pH

Other

Primary/Secondary Contaminants for public water supplies
Volatile Organics

Frequency

Indicator parameters for industrial and urban land uses should be
taken quarterly or twice/year. Background data on volatile
organic chemicals should be taken quarterly the first year then
twice per year for following years. Primary and secondary drinking
water contaminants from public water supplies should be incorpo-
rated into the database. These parameters are monitored
according to compliance schedules.

South Kitsap Subarea

D

)

Monitoring Locations
Specific monitoring locations are presented in Table HI-11.
Parameters

Parameters should include indicators of wurban and
industrial/commercial activity, as well as agricultural activity.
Specifically:

Urbanization Indicators

Total and Fecal Coliforms
Nitrate

Chloride

Sulfate

Conductivity, pH

Industrial/Commercial
Conductivity
pH

Trichloroethylene
Tetrachloroethylene

I-19



(3)

1,1,1-trichloroethane
Methylene Chloride
Vinyl Chloride
Cyanide

Chromium
Cadmium

Phenols

ltural Indicator.

Nitrate
Ammonia
Atrazine
Dicamba
Hexazinone
Methomyl
Picloram
EDB
Garlon
Conductivity, pH
2,4-D

Other

Primary/Secondary Contaminants for public water supplies
Volatile Organics

Frequency

Indicator parameters for industrial and urban land uses should be
taken quarterly or twice/year. Background data on volatile
organic chemicals should be taken quarterly the first year then
twice per year for following years. Primary and secondary drinking
water contaminants from public water supplies should be
incorporated into the database. These parameters are monitored
according the compliance schedules.
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TABLE I1I-7
HANSVILLE-INDIANOLA SUBAREA

ROUNDWATER ALITY MONTITORING LOCATION

STR Well ID Aquifer

T28N RO2E S33 33A01 Shallow System
T28N RO2E 5§21 21C02 Shallow System
T28N RO2E S28G - New Well Hansville
T28N RO2E S22 22N01 Hansville
T27N R0O2E S28 28C02 Port Gamble South
T27N ROZE $25 25E03 Kingston

T27N RO2E S03 03A01 Shallow System
T27N RO2E S14 14101 Shaltlow System
T27N RO2E S16 16Q01 Shallow System
T27N R02E S07 07A01 Shallow System
T27N RO2E 8§27 27N01 Shallow System
T27N RO2E S36 J6N01 Shallow System
T26N RO2E S09 09HO1 Suquamish/Miller Bay
T26N RO2E S29 29M02 Shallow System
T26N R0O2E S12 12P01 Shallow System
T26N RO2E S13G New Well Poulsbo
Additional Wells in

the Hansville Aquifer To Be Identified Hansville
Additional Wells in

the Poulsbo Aquifer To Be Identified Poulsbo
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