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5028 N.W. ElDorado Blvd. 
Bremerton, WA 98312 
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April 28, 1991 

Subject: Kitsap County Ground Water Management Plan 
Grant No.1- Volume I & Volume II Report 

Dear Ms. Burwell: 

Fe" 41660.0 

Economic and Engineering Services, Inc., in association with Hart-Crowser, Inc., Pacific 
Groundwater Group, and Robinson & Noble, Inc., is pleased to submit documentation for 
the Kitsap County Ground Water Management Plan (GWMP), Grant No. 1 activities. 

Grant No. 1 activities focused upon the collection and analysis of data used to characterize 
the groundwater of Kitsap County. Where data was insufficient to accurately characterize 
conditions of particular interest, a specific program was recommended to collect and analyze 
additional information during Grant No. 2 activities and in later years. In addition, resource 
issues and management strategies were identified which require further refinement in Grant 
No.2. 

This information is presented in two volumes. This letter transmits Volume I. Volume I 
provides a summary of the approach, major findings, and recommendations of this effort. 
Volume II presents several appendices of supporting information for the study and each 
Subarea. The information in this final version of Volumes I and II incorporates appropriate 
changes and suggestions to the original draft document. 

We have enjoyed working with the Ground Water Advisory Committee on this important and 
challenging portion of the GWMP. We look forward to continued activity during Grant No.2 
as refinement and implementation of many of the enclosed recommendations are pursued. 

Sincerely, 

~frLfh~wd{ 
John M. Maxwell, P.E. 
Vice President 

JMM:aa:9 

Enclosure 

Olymp1a. WA Bellevue. WA Vancouver. BC Portland. OR Washmgton. DC 
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1. 

SEcriONI 

SUMMAKY 

INTRQDUCDON 

Kitsap County is a rapidly growing area which is heavily reliant upon ground­
water resources. The issue of water resource management, both in quantitative 
and qualitative terms, is a concern shared by the citizens, municipalities, utilities, 
and County agencies who live in and serve the Kitsap County area. The ever 
increasing demands for municipal, industrial, domestic, recreational, and 
aesthetic enjoyment and, to a lesser degree, agriculture and irrigation, have 
raised questions regarding the adequacy of existing resources to meet the 
combined demands of all groundwater resource users. In addition, examples of 
water quality contamination at specific sites within Kitsap County and elsewhere 
throughout the State and nation have increased the importance in evaluating the 
quality of the groundwater resources throughout the area. 

This document culminates activities for the first of two grants provided by the 
Department of Ecology (Ecology). The grants, in part, are funding the prepara­
tion of a Ground Water Management Plan (GWMP) for Kitsap County. This 
document has been prepared under a program initiated by the Washington State 
Legislature in 1985. It directed Ecology to establish a process of designating 
groundwater areas for development of groundwater management programs. 
Preparation of the GWMP has been done in accordance with the requirements 
of Chapter 173-100 WAC, Ground Water Management Areas and Programs. 
These regulations led to the designation of Kitsap County as a Ground Water 
Management Area (GWMA) on October 7, 1986. An Interlocal Agreement was 
entered between the Kitsap County Public Utility District No. 1 of Kitsap 
County (District) and the Kitsap County Board of Commissioners (County) on 
December 15, 1986. This Agreement established both entities as co-lead agen­
cies for the evaluation and preparation of the GWMP. 

The District is responsible for water resource development and management 
throughout Kitsap County, whereas the County is responsible for wastewater 
management. Therefore, the District worked cooperatively with the County to 
initiate the GWMP process. The District and County have also jointly sponsored 
the preparation of a Coordinated Water System Plan (CWSP) for Kitsap County. 
In addition, both entities joined Ecology and the U.S. Geological Survey (USGS) 
in an earlier groundwater study on Bainbridge Island. 



2. 

A Ground Water Advisory Committee (GWAC) was formed in accordance with 
WAC 173-100-050, to guide development of the GWMP. The GWAC is 
composed of a variety of public and private interest groups. The GWAC submit­
ted a grant request to Ecology on January 30, 1987, for assistance in preparing 
this document. Notice to proceed on the GWMP was provided by Ecology on 
December 10, 1987. In view of limited grant funding, preparation of the GWMP 
was segregated into two grants. Activities of the first grant have focused on 
collecting and evaluating background data regarding the quantitative and quali­
tative aspects of the groundwater resource, along with identifying resource 
management and strategy issues which need to be addressed in Grant No. 2. 

This document is presented in two volumes. Volume I provides a summary of 
the major findings, conclusions, and recommended implementation efforts 
needed to continue development of the GWMP in the second grant activities. 
Volume II provides technical supporting data and additional information devel­
oped for the study and each of the study's five individual subareas. This first 
grant effort has initiated action on a variety of management issues and policies 
deemed appropriate by the GWAC in order to provide a comprehensive 
management strategy for groundwater resources throughout Kitsap County. 

A completed GWMP will be submitted at the conclusion of Grant No. 2 activi­
ties. This Grant No. 1 report, and results of Grant No. 2 activities, will be 
reviewed and accepted by the GWAC and its policy, technical, and public 
involvement subcommittees. The eventual adoption of the completed GWMP 
under both grant activities will lead to certification of the GWMP by the 
GWAC. Certification will be required of all participating GWAC members and 
State agencies. Affected local governments will eventually need to adopt or 
amend regulations or ordinances implementing the provisions and recommenda­
tions of the GWMP. The document prepared for Grant No. 1 activities does not 
require certification now but summarizes the basic findings and recommenda­
tions to-date. 

AUTIIORIZATION 

This GWMP Grant No. 1 report was developed jointly by Economic and 
Engineering Services, Inc. (EES), Hart-Crowser and Associates, Inc. (HC), 
Pacific Groundwater Group (PGG), and Robinson and Noble, Inc. (RN). The 
Consultant team prepared this document under the direction of the co-lead 
agencies and the GWAC. 

3. GQALS AND OBJECTIVES 

One of the first activities of the GWAC was to establish goals and objectives to 
be used as guidelines in development of the GWMP. A general program goal 
and several specific program objectives were identified by the GWAC. The 
general program goal for the GWMP was the following: 
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To ensure an adequate quantity of high quality groundwater 
through conservation and by adopting and enforcing a sensible 
Groundwater Resource Plan. 

Exhibit 1-1 provides a complete listing of the 14 specific program objectives 
developed by the GWAC and adopted at their January 20, 1988, meeting for 
preparation of this document. 

It is the intent of the GWAC to review and compare the findings and recom­
mendations contained within this document with the' original program goals and 
objectives before initiating work on Grant No. 2. Confirmation or modification 
of these goals and objectives will be instrumental in developing management 
strategies during Grant No. 2. 

STUDY AREA AND APPROACH 

The GWMA used for the study includes the entire County and ends at the 
County border on the south. The GWMP was segregated to provide a more 
detailed evaluation of five subareas within Kitsap County. These five subareas 
include: Hansville-Indianola; Bainbridge Island; Poulsbo-Bremerton; West 
Kitsap; and South Kitsap. 

Development of the complete GWMP, as required by Ecology, includes five 
major phases of work: 

Phase 1 - Program Development/Grant Application; 
Phase 2 - Public Involvement/ Administration; 
Phase 3 - Data Collection/ Analysis; 
Phase 4 - Management Alternatives and Implementation Plan; and, 
Phase 5 - Public Review and Adoption. 

As mentioned above, Grant No. 1 activities focused primarily on work elements 
in Phase 3, with initial efforts in Phase 4. The essence of Grant No. 1 was to 
analyze and trend existing information characterizing the topography/geology, 
climate, water quality, and water resource requirements of the GWMP. Further, 
it evaluated land use patterns in comparison to quantitative and qualitative 
issues. This led to a definition of problems perceived to exist throughout the 
area based upon existing information. In addition, resource management issues 
have been identified which may result in the implementation of new or revised 
local policies, ordinances, or State guidelines and statutes. 

Throughout preparation of the document, close coordination was maintained 
with other State and local agencies, USGS, and the U.S. Environmental 
Protection Agency (EPA). A master database of hydrogeologic information was 
developed for Kitsap County. This database relied upon data provided by USGS 
for approximately 3,350 wells. Data was extracted for approximately 350 reliable 
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wells with suitable locations. Data for an additional 450 wells was added from 
reliable data obtained from records maintained by the hydrogeological consul­
tants on the project. Geologic logs for approximately 700 wells were also 
computerized. This information was entered on a database, in accordance with 
the Data Management Program established to meet Ecology requirements. 
Some new information was also collected during drilling of test wells throughout 
the course of the study. This information was entered into the database only if it 
conformed to provisions of the Qualify Assurance/Quality Control criteria 
established by Ecology. The information on the database has also been digitized 
to facilitate computer mapping as generated from information within the 
database. 

Information on water rights and water quality was also entered in the database. 
Correlation of this information to individual wells was not always possible due to 
insufficient location information. One major detriment in effectively analyzing 
water resource/water quality conditions throughout Kitsap County and the State, 
is the lack of a common identification system. An improved locating system 
would allow the correlation of water resource data to specific wells and the 
aquifer they withdraw from. Water quality analyses were evaluated for over 550 
wells reported for public and private uses by the Bremerton-Kitsap Health 
Department (BKHD), Ecology, Department of Health (DOH), EPA, or other 
entities. Statistical analyses were conducted on over 535 of these wells. The 
results of key indicator parameters tested since 1970 were analyzed to evaluate 
regional trends in water quality. Where possible, excessive concentrations of 
specific test results were evaluated to determine if contamination presence was 
occurring at a specific location. Results from known contamination sites were 
not included in the statistical trend analysis in order to not skew the trend 
results. It was determined by the GWAC that known contamination sites 
frequently have an abundance of information and did not merit further 
evaluation. Whereas, these contamination sites are of concern, the GWAC 
focused on background concentrations and any increasing regional trends in 
water quality. 

Key activities in development of the GWMP document were guided by the 
GWAC and its three subcommittees. The GWAC met approximately 15 times 
during preparation of the GWMP and several times previously during develop­
ment of the Scope of Work and grant application. The Technical Subcommittee 
met approximately 8 times to review -the technical approach, findings, and 
recommendations within this document. In addition, the Policy Subcommittee 
met approximately 2 times to address potential management issues, strategies, 
and policy requirements that will require further refinement in Grant No. 2. 
The Public Involvement Subcommittee met approximately 15 times to establish 
a means of advising the community of the ongoing effort, its findings, and gener­
ally creating a public awareness of groundwater management goals and respon­
sibilities. During Grant No. 1, the Public Involvement Subcommittee prepared a 
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5. 

Public Involvement Plan. This Plan incorporates a variety of media and public 
education activities including newspaper articles, speakers bureau at local civic 
groups, releases for radio and television, and a public workshop during Grant 
No. 1 activities. All of the above actions were pursued, including presentation of 
a groundwater fair on April4, 1989, at Olympic College in Bremerton. 

RELATED STUDIES 

Simultaneous to the development of the GWMP, several other ongoing local 
activities have complimented the GWMP effort. listed below are some of these 
major activities. 

A U.S. Geological Survey 

In 1984, the USGS initiated efforts related to an evaluation of ground­
water resources on Bainbridge Island. The Island is almost solely depen­
dent on groundwater, as there are no significant surface water supplies. 
USGS study activities preceded that of the GWMP. However, develop­
ment of technical information in the GWMP was coordinated between 
both study efforts. 

The objectives of the study are listed below: 

0 

0 

0 

0 

Define, to the extent available data allow, the general lithology of 
the unconsolidated deposits on the Island and the groundwater 
flow system within those deposits. 

Define the present quality of groundwater beneath the Island 
based on data collected during the study. 

Identify groundwater quality problems where they exist. 

Design a monitoring network of wells for determining changes in 
groundwater levels and quality with time. 

o Determine whether the groundwater resources of the Island can 
be assessed adequately using existing data and data collected as 
part of this study and, if not, what additional data would be 
required to do so. 

Approximately 250 of 600 recorded wells were selected for field visits, 
beginning in October, 1984. Selection of wells for field visits was based 
on several criteria: (1) existence of water level and (or) water quality 
data; (2) existence of drillers' lithologic logs; (3) geographic location; (4) 
depth; (5) geologic framework; (6) well use; and (7) permission from 
owner or tenant to include the well in this study. 
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The available data allowed a detailed study of the stratigraphy of the 
upper 200 feet of unconsolidated deposits that underlie Bainbridge 
Island, based on surface geology, geophysical data, and drillers' well logs. 
Well yield and specific capacity data were based on reports submitted by 
drillers to Ecology. 

About 210 wells were visited in the spring and fall of 1985 to measure 
depth to water and to collect a water sample for analyses of specific 
conductance and chloride concentration. Forty-eight of the samples 
collected in April were analyzed for major cations and anions, nitrate, 
iron, manganese, and fecal-coliform bacteria; nine of the 48 samples were 
also analyzed for trace metals. Water levels and (or) chloride concentra­
tions were measured monthly in 24 selected observation wells to docu­
ment the magnitude of seasonal fluctuations in those constituents. Water 
quality data were compared with historical data in an attempt to identify 
areas where deterioration, especially seawater intrusion, has occurred 
with time. 

The study concluded that Bainbridge Island is underlain by as much as 
1,600 feet of unconsolidated glacial and nonglacial deposits of 
Quanternary age, and that most stratigraphic units have limited vertical 
and lateral extent. The upper 200 feet of deposits are divided into three 
permeable, water-bearing geohydrologic units (aquifers) and three semi­
confining geohydrologic units. None of the aquifers are laterally continu­
ous across the Island, although water level and water quality data suggest 
that the stratigraphic units are hydraulically interconnected. 

Recharge to the groundwater system occurs throughout most of the 
Island. Potentially greater recharge occurs, for the most part, near the 
periphery of the Island. The Island's aquifers are recharged chiefly by 
direct precipitation and, in part, by leakage through the overlying strati­
graphic unit. 

Drillers' reports indicate that more than two-thirds of the study wells, as 
constructed, are capable of yielding from 6 to 20 gallons per minute. 

Groundwater on Bainbridge Island generally is suitable for most 
purposes. However, 3 of 48 samples exceeded the criterion for iron and 
19 exceeded the criterion for manganese. However, the criteria exceeded 
pertain only to aesthetics and not to human health, so the situation is not 
seen as a major water quality problem. 

Water samples for analysis of chloride concentration were collected in 
April, when groundwater levels are usually highest, and in September, 
when levels are usually lowest. Median chloride concentrations in 
September were essentially the same as in April, and wells finished below 
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sea level contained water with slightly smaller chloride concentrations 
than water from wells finished above sea level. Because of the physiog­
raphy of the study area, seawater intrusion constitutes a serious potential 
threat to the groundwater resources of Bainbridge Island. Seawater 
intrusion currently is not a problem on Bainbridge Island. Groundwater 
development on the Island to-date has not been sufficient to induce the 
movement of seawater into the freshwater aquifers. In order to detect 
the onset of seawater intrusion, the study recommended development of a 
network of potentiiU observation wells used to monitor groundwater 
levels and chloride concentrations. This monitoring network has been 
initiated. 

A comparison of chloride concentrations observed in 1985 with those 
observed in similar studies in 1967 and 1978 indicates that, of 26 wells, 
only one showed an increase in chloride concentration with time. 

The study concluded that available data are adequate to permit an 
assessment of the groundwater resources of the Island, but only in a 
qualitative manner and only for the uppermost part of the thick uncon­
solidated deposits. The data are inadequate to permit the calculation of a 
detailed water budget, to delineate the position of the freshwater-sea­
water interface, to determine the potential for additional groundwater 
development from known or unknown aquifers, or to assess the effects of 
such additional development. 

The report is available for review and is entitled Preliminary Evaluation 
of the Groundwater Resources of Bainbridge Island, Kitsap, County, 
Washington, Report #87-4237. 

Coordinated Water System Plan 

The District has also worked cooperatively with Kitsap County 
Department of Community Development in preparation of a CWSP for 
the entire County. The CWSP presents an assessment of municipal and 
industrial water supply needs in Kitsap County and a program to effec­
tively provide supply and service to customers throughout the area. The 
CWSP is enacted through Chapter 70.116 RCW. These procedures are 
outlined in Chapter 248-56 WAC. The Public Water System 
Coordination Act provides for water utilities throughout the State to 
coordinate through planning and construction programs with other water 
utilities and local governments in the same geographic area. 
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A preliminary assessment was conducted in 1986 for Kitsap County and 
other areas. The preliminary assessment identified several issues of 
concern throughout the County that may preclude the delivery of safe, 
efficient, and reliable water service to its customers. The preliminary 
assessment made the following conclusions: 

o Preventive action for the provision of reliable service and the 
protection of water supplies serving current customers is prudent 
and cost -effective. 

o The County's Comprehensive Plan projects a continued growth in 
population and water demand that will most effectively be met 
primarily by existing water utilities. 

o The County currently has more than 800 public water systems, 
with coordination of utility services only occurring between the 
major purveyors. 

o Preliminary estimates on growth, population, and water demand 
exceed the anticipated available groundwater resources. 

o Ecology has released draft regulations for the Instream Resources 
Protection Program which severely limit the possibility of devel­
oping an Olympic Peninsula surface supply for public water use 
within Kitsap County. It is necessary to coordinate the water 
supply development, protection, and transmission, particularly if a 
new surface water supply is required to meet future needs. 

o The existing County Water Plan was completed in 1970, and its 
findings may no longer be valid. 

o With the continued growth anticipated within Kitsap County, the 
responsibilities for protecting and managing the available ground­
water resources consistent with County policies, must be estab­
lished both for existing and future customers. 

The CWSP was prepared under the direction of a Water Utility 
Coordinating Committee (WUCC). The WUCC is composed of public 
water systems throughout the area having 50 or more service connections. 
In combination, it is anticipated that the GWMP study will characterize 
the groundwater supplies and establish methods to properly monitor and 
manage the resource. The CWSP provides administrative procedures to 
ensure the coordinated utilization of the resource and a regional strategy 
to ensure the public water supplies can meet future demands created by 
adopting Kitsap County land use policies. 
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c. 

CWSP efforts relating to water resource issues, principally focus upon 
demand forecasts and comparison to existing water rights and water 
supply capacities. Water demand forecasts were conducted under four 
varying assumptions. These evaluated, respectively, the impact of contin­
ued consumption at the current rates, reduced per capita consumption 
created by conservation, reduced consumption created by increased 
multi-family densities, and reduced consumption created by the combined 
effect of conservation and multi-family living units. Conservation impacts 
were assumed to result in a 10 percent reduction in water demands by the 
year 2000. A similar level of reduced consumption was forecast through 
the year 2040. The conclusion of this analysis indicated that peak daily 
water demands would increase throughout the area from approximately 
68 MGD in 1990 to between 115 and 133 MGD in 2040 based on the 
range of demand scenarios. 

The CWSP also noted very few systems within Kitsap County having 
adequate groundwater monitoring programs in place to properly manage 
groundwater resources. Such a monitoring program should be initiated 
cooperatively with all water purveyors and local governments. 

An evaluation of source alternatives for the Kitsap County are currently 
being developed and evaluated. Source availability, development prob­
lems, water right conflicts, and treatment costs indicate that significant 
surface supplies within the County will be limited to the 15 MGD current 
and 20 MGD proposed supply capacity for the City of Bremerton's 
Cascade Dam Supply System. Further, reliance upon .imported surface 
water from the Olympic Peninsula is considered a potential option if 
groundwater supplies appear insufficient to meet the high growth rate 
anticipated in Kitsap County. The City of Bremerton and the District 
both have 100 cubic feet per second (cfs) water right applications on 
surface water withdrawals, respectively, from the Hamma Hamma and 
Duckabush Rivers. Alignments from the transmission facilities are either 
a submerged crossing of Hood Canal or following the City of Tacoma's 
powerline right-of-way from Lake Cushman around the southern leg of 
Hood Canal into Pierce County. This latter alignment provides an oppor­
tunity to work with the Gig Harbor GWMP to meet their future supply 
requirements. The transmission network also facilitates an option for 
artificial recharge of aquifers in Kitsap County. 

U>cal Authorities 

A variety of drilling activities occurred during the development of the 
GWMP which provided useful data to the study. These drilling activities 
were sponsored primarily by individual utilities throughout the study area. 
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6. 

The majority of these wells were predominantly for test purposes. A total 
of seventeen wells were drilled which provide useful information for the 
database: 

o .flm - 4 wells at Keyport, Kingston, and Bainbridge Island which 
ranged in depth from 805 feet to 1,040 feet. The Bainbridge 
Island well was drilled near Wardwell Road to a depth of 1,040 
feet where data on deep wells is limited. 

o City of Bremerton - 6 wells at Twin Lakes, Gorst, Alder Bottom, 
Central Valley, and Anderson Creek. These Wells ranged in 
depth from 55 feet to 327 feet. Some of the wells are intended for 
increased production with yields up to 1,000 gpm. 

0 

0 

0 

0 

Manchester Water District - 2 wells were drilled by the District 
with depths of 269 feet and 356 feet. Yields ranged from 80 to 310 
gpm. 

City of Poulsbo - 1 well to 310 feet deep with a yield of 758 gpm. 

City of Winslow - 1 well at Sands Road to a depth of 1,053 feet 
and yields of 288 gpm. This well also helped characterize deeper 
aquifers on Bainbridge Island. 

Other Qwners - Wells were also drilled by Port Blakely Lumber 
Company, McCormick Woods Development, and Suquamish 
Tribe Fisheries at key locations. These wells ranged, respectively, 
from 958 feet to 270 feet in depth. 

These wells were drilled and tested in conformance with the Quality 
Assurance/Quality Control criteria specified by Ecology for new informa­
tion collected by the GWMP. 

All of the above documents have assisted in building upon information 
provided in Washington State Water Supply Bulletin No. 28 prepared in 
1969, which had previously been the primary document in describing the 
groundwater system for Kitsap County. All of these major documents 
have been incorporated into the Bibliography for this report. 

CONCWSIONS AND BECOMMENQATIONS 

The major conclusions and recommendations of Grant No. 1 activities for the 
GWMP are summarized below. These statements are based on the information 
presented within Volumes I and II. 
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A Technical 

( 1) General Issues 

Conclusions 

Twenty-seven principal aquifer areas have been identified within Kitsap 
County. These aquifer areas are mainly contained within five 
stratigraphic units. From shallowest to deepest, the units include: 

Qgla 
Qg2 
Qg3 
Qg4 
Qg5 

The units Qgla, Qg2, and locally, Qg3 are found above sea level. The 
units Qg4 and QgS are exclusively below sea level. Units Qgla, Qg2, and 
Qg3 are the most susceptible to land use impacts given their shallow ; 
occurrence. 

The productivity within the stratigraphic units is highly variable. The 
Qgla, Qg2, Qg3, and rarely, Qg4 are used extensively Ioi domestic and t 

small community supplies. These units, as well !IS-the deeper layer QgS, 
serve major water purveyors within localized areas. 1 

. ) 

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. 

The extent and character of each of the stratigraphic layers are generally 
well defined in areas of high concentration of well data and poorly 
defined in areas lacking in data, particularly in the West Kitsap Subarea. 

The following is a list of the identified aquifer systems of Kitsap County 
grouped by the stratigraphic unit in which they are completed. 
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Hansville 
MeadowD;tere 
North Lake-Bremerton South 

(upper) 

Port Gamble 
Poulsbo 
Wilson Creek 

Big Beef 
Silverdale 
Salmonberry 
North Lake-Bremerton South 

(middle) 
Bangor (lower) 
Gilberton-Fletcher (upper) 

Kingston (lower) 
Wardwell (lower) 
Gilberton-Fletcher 
Keyport 
Bucklin Hill 
Port Orchard Deep 
North Lake-Bremerton South 

(lower) 
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Bangor (upper) 

~-~ 

Kingston (upper) 
Suquamish-Miller 
Wardwell (upper) 
Bay head 
Lynwood Center 
Edgewater 
Bangor (upper) 
Island Lake 
Clam Bay 
Manette-Bremerton North 
Yukon 
Gorst 

Creosote 

.Qn6 

Keyport 
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There are large areas which have no presently identified aquifers, 
especially in the western and southern portions of the County. 

o An analysis of recharge and water balance relationships 
suggest that the western and southern portions of the 
County may be the most promising areas for additional 
groundwater supply. The productivity of the various 
aquifer zones which occur within these areas is poorly 
defined at this time. 

o A relatively extensive network of gaging stations was oper­
ated by the USGS in the 1940s and 1950s to assess surface 
water supply potential within the County. Only one gaging 
station is currently being operated. 

o Precipitation varies considerably throughout the County. 
Long-term average annual precipitation varies from a low 
of approximately 20 inches/year in the north portions of 
the County to as high as 80 inches/year in the west portions 
of the County. Very little precipitation data is currently 
being collected within the County. The only long-term 
precipitation recording station is located within Bremerton. 

o In general, water quality conditions evaluated since 1970 
throughout the GWMP study area were found to be satis­
factory. With the exception of some site specific occur­
rences of contamination, the available data does not indi-' 
cate a trend of water qualitY degradation. 

0 

0 

0 

0 

Naturally occurring concentrations of iron and manganese 
above the maximum contaminant levels promulgated by 
State and federal regulations were found occasionally. 
However, those are an aesthetic concern without health­
related impacts. Information regarding organic concentra­
tions within the groundwater was limited. A wider sample 
base is needed to more thoroughly assess this situation. 

No evidence of saltwater intrusion was noted along coastal 
wells during the study. 

Expanded water quality monitoring is needed to establish 
ongoing analysis of background indicator parameters. 

Insufficient data was generally found for accurately corre­
lating pumpage, weather, and water level trends. 
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Projected population and total water resource demands 
within Kitsap County were estimated through the year 
2040. Population forecasts were based on 1988 Puget 
Sound Council of Governments forecasts, with straight-line 
extrapolation from 2020 to 2040. The population within the 
GWMP is anticipated to increase from a 1989 population 
total of 183,400, to approximately 258,600 in 2010, and 
366,400 in 2040. 

Total water resource demands are expected to experience 
similar growth for the combined requirements of munici­
pal/domestic supply, commercial/industrial demands, irri­
gation, fish propagation, heat exchange, and stock watering. 

Approximately 76 percent of water demands throughout 
the area are utilized to meet municipal/domestic supplies. 

The combined peak daily water resource requirements for 
the GWMP study area increase from approximately 74 
MGD in 1989 to a range of 123 MGD to 141 MGD in 2040, 
based on reduced demands created by conservation and 
multi-family structures. Average daily water resource 
requirements fluctuate from 32 MGD in 1989 to 48 MGD 
to 55 MGD in 2040 under the same scenarios. 

o An evaluation of water rights issued within the study area 
indicate that many unused groundwater wells still carry 
their water rights. This leads to an inflated total of 
groundwater rights when compared to consumption 
requirements. 

Recommendations 

o Additional and continued hydrogeologic data including well 
construction, geologic logs, water levels, pumpage, and 
water use should be systematically collected and entered 
into the GWMP database to provide a basis for ongoing 
analysis and management of the project area resource. 

o Additional well drilling and testing programs are needed 
and should be coordinated with the water purveyors and 
the GWMP database to provide a basis for ongoing analysis 
and management of the project area resource. 
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(2) 

0 

0 

Additional groundwater quality testing data should be 
routinely collected throughout the area for inorganic, 
organic, and bacteriological parameters. 

Streamflow monitoring is needed throughout the County to 
establish baseline trends and possible impacts related to 
groundwater development. 

o Ongoing precipitation monitoring is needed throughout the 
County to establish a database from which to better assess 
the spatial and temporal variations of precipitation and 
other water balance components. 

o A comprehensive ongoing monitoring program including 
well water levels, pumpage, stream flow, lake levels, and 
water quality should be implemented throughout the study 
area. 

o Relinquishment of many existing water rights should be 
pursued to clean up existing records and establish an accu­
rate assessment of future water right requirements. 

Hansville/Indianola Subarea 

Conclusions 

Principal aquifer systems: 

Hansville 
Port Gamble-South 
Kingston 
Suquamish-Miller Bay 
Poulsbo 

o Hansville - Encountered between +200 and + 100 feet 
Mean Sea level (MSL) within Unit Qg1a. This sand 
aquifer is the source for the Hansville area water supply. 
There are no recorded deep wells in this area which pene­
trate Qg4, i.e., -300 feet MSL 

o Port Gamble-South - Encountered between -50 and -175 
feet MSL within Unit Qg2. The extent of this aquifer is 
poorly defined due to lack of wells. 
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o Kingston - This is a two-aquifer system. The upper aquifer 
is encountered between -25 and -150 feet MSL within Unit 
Qg3. The lower aquifer is encountered between -600 and -
725 feet MSL in Unit Qg5. These aquifers are inconsistent 
and localized in nature. 

o Suquamish-Miller Bay - Encountered between 0 to -300 
feet MSL within Unit Qg3. Aquifer characteristics are 
fairly well defined. It is unknown if there is any continuity 
between the Qg3 aquifer in this area and Kingston. 

o Poulsbo - Encountered between + 170 and 0 feet MSL 
within Unit Qg2. The extent of this above sea level aquifer 
is generally not present at sites where ground surface eleva­
tion is Jess than +50 feet MSL 

o Areas of exploration for new water resources are limited in 
the Hansville-Indianola subarea, due to the close proximity 
of Puget Sound on three sides, the related possibilities of 
sea water intrusion and because of limited recharge area 
available on the upper peninsula. 

Recommendations: 

o Deep test wells are needed in the Hansville and Poulsbo 
areas to explore the presence of Qg4 and Qg5 aquifers, i.e., 
-300 to -800 MSL 

0 

0 

A test well is recommended between Suquamish-Indianola 
and Kingston to verify the continuity of the Qg3 aquifer and 
the presence of Qg4 and Qg5 aquifers.o Wells should be 
drilled immediately north of Gamblewood to evaluate the 
Qg2 and Qg3 aquifers in this area. 

In view of the limited data regarding the availability of the 
deeper aquifers for the Hansville area, land surface activi.; 
ties should be closely scrutinized to ensure the water 
quality and quantity of the shallow aquifers are not 
impacted. ' 
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(3) Bainbridge Island Subarea 

Conclusions: 

Principal aquifer systems: 

Meadowmere 
Wardwell 
Bayhead 
Creosote 
Lynwood Center 
Gilberton-Fletcher 

o Meadowmere - Encountered between + 100 and 0 feet 
MSL within Unit Qg1a. Characterized by large variation in 
transmissivity values (4,000 to 190,000 gpd/ft). The extent 
of this above sea level aquifer is generally not present at 
sites where ground surface elevation is less than +50 feet 
MSL 

o Wardwell- This is a two-aquifer system. The upper aquifer 
is encountered between -75 and -175 feet MSL within Unit 
Qg3. The lower aquifer is encountered between -650 to 
-975 feet MSL The lower aquifer has major groundwater 
potential. The extent of the upper aquifer is poorly 
defined. The extent of the lower aquifer is poorly defined 
in all directions except to the southwest where the Island 
Center well has not encountered this aquifer. 

0 

0 

0 

Bayhead - Encountered between 0 and -150 feet MSL 
within Unit Qg3. The extent of this aquifer is fairly well 
defined to the north and east, but poorly defined to the 
south and west. Based on existing information, it appears 
that the Qg3 is extensively utilized and may be reaching its 
potential supply capacity. 

Creosote - Encountered between -600 to -800 feet MSL 
within Unit Qg5 or Qn5. The aquifer's extent is well 
defined in all directions except to the west. 

Lynwood Center - Encountered between -25 to -125 feet 
MSL within Unit Qg3. In spite of the presence of several 
wells within the aquifer, the extent of this aquifer is poorly 
defined. It is anticipated that this aquifer encompasses a 
greater area except toward the southeast where bedrock is 
encountered. 
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0 Gilberton-Fletcher - On Bainbridge Island this aquifer is 
encountered between -850 and -900 feet MSL within Qg5. 
The boundaries are extended to the Manette Peninsula. 
The aquifer's extent on Bainbridge Island is poorly defined. 

Recommendations: 

o A water level monitoring program for all of the designated 
aquifers should be developed and implemented along with 
Fletcher Bay which is already sufficiently monitored. 

o Exploration for new aquifers should be conducted in the 
northern portion of the Island where there is paucity of 
data, especially regarding the deeper systems, i.e., Qg4 and 
Qg5 aquifers. 

o Shallow test wells in the area of the Lynwood aquifer 
system are needed to allow a proper definition of the 
hydrology and to provide an appropriate water level 
monitoring network. 

Poulsbo/Bremerton Subarea 

Conclusions: 

Principal aquifer systems: 

0 

0 

Edgewater 
Bangor 
Keyport 
Island Lake 
Silverdale 
Bucklin Hill 
Gilberton-Fletcher 
Manette 

Edgewater- Encountered between +200 to -150 feet MSL 
within Unit Qg3. Aquifer characteristics are highly vari­
able. The extent of the aquifer is poorly defined. It is 
suspected that the Qg3 aquifer may extend south to Bangor, 
but needs further exploration to confirm this. 

Bangor - This Is a two-aquifer system. The upper aquifer is 
encountered between + 25 to -25 feet MSL within Units 
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Qg3 and Qn2. The lower aquifer is encountered between 
-50 to -250 feet MSL within Unit Qg4. The eastern bound­
ary of the aquifer system is well defined. The extent to the 
north and south of those aquifers is poorly defined. 

Keyport - Encountered between -675 to -800 feet MSL 
within Units Qg5 and Qn6. The lateral extent of this 
productive aquifer is poorly defined due to lack of deep 
wells in the immediate area 

Island Lake - Encountered between + 150 to 0 feet MSL 
within Unit Qg3. The lateral extent of this productive, 
above sea level aquifer is generally not present at sites 
where ground surface elevation is less than +50 feet MSL 

Silverdale - Encountered between MSL to -250 feet MSL 
within Unit Qg4. The extent of this moderately productive 
aquifer is poorly defined. The Qg4 aquifer overlaps the 
deeper Bucklin Hill Qg5 aquifer at the western edge of 
Bucklin Hill. 

Bucklin Hill - Encountered between -400 to -700 feet MSL 
within Unit Qg5. The northeastern boundary of the aquifer 
is well defined, but the extent in other directions is poorly 
defined. 

Gilberton-Fletcher - This is a two-aquifer system. The 
upper aquifer is encountered between -300 to -475 feet 
MSL within Unit Qg4. The lower aquifer is encountered 
between -575 to -650 feet MSL within Unit Qg5. the extent 
of the aquifer system is limited by the lack of deep-well 
data in the vicinity. 

Manette-Bremerton North - Encountered between 0 to -
250 feet MSL within Unit Qg3. Although numerous wells 
are completed in this aquifer, the boundaries are not well 
defined though they are assumed not to encompass much 
greater of an area than drawn. 

Recommendations: 

0 

0 

Exploratory drilling is needed between the Edgewater and 
Bangor areas to confirm continuity of the Qg3 aquifer. 

Deep test wells are needed in the Island Lake area into the 
Qg4 and Qg5 aquifers. 
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Additional deep test wells are also needed in the Keyport 
and Silverdale areas to confirm the presence of the Qg5 
aquifer. 

Test wells are needed south of Bangor to penetrate and 
locate the extent of the Qg3 aquifer in this area. 

o A thorough monitoring system must be developed to assess 
the results of heavy use in the Gilberton and Manette­
Bremerton North aquifer systems. 

West Kitsap Subarea: 

Conclusions: 

Principal aquifer systems: 

Big Beef 

o Big Beef- Encountered between -100 to -250 feet MSL 
within Qg4. The extent of this highly productive aquifer is 
poorly defined and probably extends a great distance to the 
south. 

o It is highly probable that the groundwater production 
potential far exceeds the demand suggested for projected 
future population trends for this subarea. 

o The Big Beef aquifer system may provide adequate 
groundwater supplies for transmission to meet regional 
demands throughout the County. However, additional 
groundwater data is needed to fully evaluate this option. 

Recommendations: 

o Extensive test drilling of the Qg3 and deeper aquifers is 
required in this area to define the stratigraphic and hydro­
logic conditions. 

0 The University of Washington's Big Beef Fish Farm and 
Laks Trout Farm artesian wells should be monitored to 
measure aquifer stress. 
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(6) South Kitsap Subarea: 

Conclusions: 

Principal aquifer systems: 

Clam Bay 

Yukon 
Wilson Creek 
Port Orchard Deep 
Salmonberry 
Northlake-Bremerton 
Gorst 

o Oam Bay - Encountered between 0 to -150 feet MSL 
within Qg3. The extent of this aquifer is limited by the 
occurrence of the surrounding bedrock Unit Th. 

o Yukon- Encountered between 0 to -150 feet MSL within 
Unit Qg3. The extent of this aquifer is poorly defined due 
to a lack of wells with reliable data. 

o Wilson Creek - Encountered between + 150 to +50 feet 
MSL within Unit Qg2. The extent of this aquifer is poorly 
defined, but is suspected to extend appreciably beyond the 
boundaries as drawn. 

o Port Orchard Deep - Encountered between -650 to -1,100 
feet MSL within Qg5. The extent of this aquifer is poorly 
defined due to the lack of deep-well data. 

o Salmonberry - Encountered between -150 to -250 feet MSL 
within Unit Qg4. The extent of this aquifer is poorly 
defined, again due to the lack of deep wells. 

0 

0 

Northlake-Bremerton South -This system is comprised of 
three aquifers. The upper aquifer is encountered between 
+ 250 to + 200 feet MSL within Qg1a. The middle aquifer 
is encountered between -150 to -200 within Qg4. The lower 
aquifer is -450 to -525 feet MSL within Qg5. The upper 
aquifer is found in the southern area of the system and 
could possibly be extended further south. 

Gorst - Encountered between +50 to -100 feet MSL within 
Qg3. The extent of this very productive aquifer is limited to 
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north by bedrock and is poorly defined in other directions. 
There is the likelihood for a large amount of recharge from 
the Gold Mountain area. 

o The principal aquifer systems are all located to the north, 
principally along the more densely populated areas. The 
southern portion presently has no defined principal aquifer 
systems. 

o The available hydrogeologic data from the southern portion 
of the subarea is dominated by shallow domestic wells with 
occasional wells drilled to moderate depths. 

Recommendations: 

o Several dedicated monitoring wells should be established 
for the Gorst aquifer system and at least one dedicated 
water level monitoring well is recommended in each of the 
other defined aquifers. 

o Future test drilling in the southern portion of this subarea 
should focus on the stratigraphy and aquifer parameters of 
the deeper aquifer systems below Qg2. 

Institutional/Management Issues 

Conclusions 

o There are numerous agencies at the local, State, and federal level 
which operate programs with the potential to affect groundwater 
quality and quantity. 

0 

0 

In general, these ongoing programs are diligently pursued, but 
occasionally result in overlapping or uncoordinated efforts. 

Existing resource management concerns which merit further eval­
uation include: 

Data limitations 
Data management responsibilities 
Improved inter-agency coordination 

Uniform Well Identification Numbering System 
Abandoned Wells 
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Water rights 
Aquifer overdrafts and limitation of new wells 
Conjunctive use/artificial recharge 
Public education/ awareness 

The County has authority under SEPA (Chapter 43.20C RCW) 
and the Planning Enabling Act (Chapter 36.70 RCW), to control 
development so as to protect groundwater. However, conditioning 
or denial of permits must be based on specific adverse impacts. 
Furthermore, reasonable mitigation measures must be set forth, 
or, if no mitigation exists, reasons why impacts are unavoidable 
must be stated. 

The GWMP Grant No. 1 activities did not establish a basis to 
render site specific land use decisions based on impacts to either 
groundwater quality or quantity. However, sensitive areas were 
established within subareas where land surface practices should be 
reviewed more closely to assess their impacts. 

Many of the management issues identified by existing technical 
data require coordinated efforts between various local, State, and 
federal agencies. 

Coordination and development of some major policy changes and 
procedures to address the above issues and others established in 
Grant No. 2 may not be accomplished within a short period. 

Recommendations 

o Continue during Grant No. 2 to identify local resource manage­
ment issues and their solutions. 

0 

0 

0 

Encourage a broad base of public and political support for change 
regarding key management issues. 

Develop regional and State-wide support for legislative change 
where necessary, to address issues common to areas outside Kitsap 
County. 

Pursue development of policies by the GWAC and its Policy 
Subcommittee. 
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c. Implementation 

Conclusions 

o The most immediate action items once Grant No. 2 is initiated is 
implementation of the comprehensive hydrogeologic and water 
quality monitoring network recommended herein. 

o Financial and political support for continued groundwater 
management activities are required to implement effective 
management strategies. 

Recommendations 

o Refine and implement a hydrogeologic and water quality moni­
toring network to develop comprehensive and sustained back­
ground data. 
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EXHIBIT 1·1 

KITSAP COUNTY 
GROUND WATER MANAGEMENT PROGRAM 

PROGRAM GOALS AND OBJECTIYES 

WHEREAS, Kitsap County is primarily dependent upon groundwater for 
the continued viability of water supply to its existing and future citi· 
zens, and 

WHEREAS, Several existing and potential impacts on the quality and 
quantity of groundwater resources in Kitsap County have been identified; 
and 

WHEREAS, it is desirable to identify groundwater management proce· 
dures that are consistent with both local needs and state water resource 
policies and management objectives including the protection of water qual­
ity, assurance of quantity, and efficient management of water resources to 
meet future needs; and 

WHEREAS, the Department of Ecology pursuant to RCY 90.44.00 and its 
implementing rules, Chapter 173-100 WAC have designated Kitsap County as a 

Ground Water Management Area; and 

WHEREAS, a Ground Water Advisory Committee has been formed to oversee 
the development of the Ground Water Management Program, review the work 
plan, budget, and assure that the program is technically and functionally 
sound; 

NOW THEREFORE, the Ground Water Advisory Committee endorse the gen· 
eral goal and specific objectives listed below to be used in the develop· 
ment of the Ground Water Management Program: 

General Program Goal 

To ensure an adequate quantity of high quality groundwater through 
conservation and by adopting and enforcing a sensible Groundwater 
Resource Plan. 

Specific Program Objectives 

1. 

2. 

Evaluate Existing Conditions and Concerns 

To the extent that available funding permits, define/delineate 
hydrogeology of the County's aquifers. 

Establish existing water 
existing or potential water 
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4. 

5. 

Identify recharge areas and measures to protect them from con­
tamination by surface water runoff and other pollutant sources. 

Project the current and future water demands and identify 
pumpage impacts upon groundwater quantity and quality. 

Evaluate the benefits, advantages, and viability of regional 
resource utilization. 

6. Identify area-wide and subarea groundwater resource issues. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Identify Management Procedures and Responsibilities 

Identify land use and water use policies which are inconsistent 
with these goals and objectives and recommend needed changes. 

Identify management policies and practices which encourage 
conservation at all levels. 

Recommend land use policies to protect aquifers and recharge 
areas. 

Evaluate the proliferation of individual and small public water 
supplies and their impact on groundwater resources. 

Define the long-term priority of use for groundwater. 

Recommend a procedure for and the responsible entities to con­
tinually update and manage groundwater resource data. 

Review existing laws, ordinances, procedures, responsibilities, 
and their efficacy with respect to groundwater resource 
management and protection and recommend such revislons as are 
appropriate. Identify the proper agency or entity with 
responsibility for implementation and enforcement. 

Utilize a citizen participation process in meeting the above 
objectives. 
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The above Ground Water Management Program Goals and Objectives are hereby 
formally reviewed and adopted by the Kitsap County Ground Water Advisory 
Committee on January 20,1987. 

Chairperson, Kitsap County 
Ground Water Advisory Committee 
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1. 

SECTION II 

APPROACH AND FINDINGS 

PLANNING CRITERIA 

A Regional and Subarea Boundaries 

The Kitsap County project area, shown in Exhibit ll-1, encompasses 
approximately 402 square miles, and occupies a peninsula and several 
islands in Puget Sound. It is bounded on the east and north by Puget 
Sound and Admiralty Inlet, and on the west by Hood Canal. The County 
is adjoined by Pierce and Mason Counties on the south, Jefferson County 
on the west, and King County on the east. 

The physiographic characteristics of the project area are similar to much 
of the surrounding Puget Sound area, consisting of remnants of an upland 
plateau modified by glaciation. The surface is composed of generally flat­
topped rolling hills and ridges which rise to approximately 400 to 600 feet 
above mean sea level, and are separated by valleys and marine embay­
ments. The Blue Hills are a prominent group of rugged volcanic rock 
hills in the west-central portion of the study area which rise to an eleva­
tion of approximately 1,700 feet above mean sea level. Much of the 
upland areas terminate along the coast in steep bluffs created by wave 
action. 

The uplands are predominantly recharge areas in which water percolates 
downward to water bearing strata and eventually migrates to discharge 
areas. Numerous surface water drainage features such as Gorst and Big 
Beef Creeks provide internal drainage for the shallow groundwater 
systems that occur within the uplands. The larger drainage features 
within or adjoining the county such as liberty Bay, Sinclair and Dyes 
Inlets, Hood Canal, and Puget Sound, are predominantly regional 
discharge areas for the deep percolation that originates within the 
uplands. 

The County was divided into five subareas based on the major surface 
water drainage features and watershed boundaries. The five project 
subareas include the following: 

o Hansville-Indianola Subarea is the northern-most subarea. It is 
bounded on the north and east by Admiralty Inlet and Puget 
Sound, on the south by Port Madison and Agate Pass, and on the 
west by a northerly transect located just east of the Big Valley 



B. 

0 

0 

0 

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

Bainbridge Island Subarea is located on the eastern portion of the 
County. It is bounded on the east by Puget Sound, on the nonh 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. 

Poulsbo-Bremerton Subarea incorporates much of the nonhwest­
ern portion of the County, including Bangor, Poulsbo, and 
Bremerton. It is bounded on the nonh 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. 

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. 

o 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 nonh 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 conrnmination 
can be seen in Exhibit 11-2. 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. 

(1) 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. Ibese:QVerl!l~-of l!lllc:l 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 Naval 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 fue~ 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 11-1. 

Criteria for selection of the indicator water quality parameters 
included: 

o Type and intensity of land use activity 
o Human health considerations 
o 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. Ukewise, 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 (MCI.s) for primary 
contaminants are based on chronic and/or acute human health 
effects. Secondary contaminants have MCI.s 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 
11-2 and 11-3. 

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 Co=unity Water Supply 
Survey (CWSS). These surveys found the following volatile 
organic chemicals (VOCs) to be fairly prevalent in groundwater: 
trichloroethylene, tetrachloroethylene, and 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 Il-4 
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 a 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 

II-5 



c. 

(3) 

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 II, 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 

0 

0 

0 

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

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

Roadways are distributed proportionally throughout the 
County. 

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. 

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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(2) 

PSCOG forecasts are developed using a four-county regional 
econometric model. The expected growth in population, employ­
ment, income, and other components is based on economic and 
demographic forecasts of the United States as a whole. The 
PSCOG model also uses the county-wide figures to project trends 
in smaller areas. These are called Forecast and Analysis Zones 
(FAZs). The FAZs include groupings of census tracts which give a 
more accurate referenced population, using the most recent census 
data. The FAZ breakdown provides a convenient basis for locat­
ing areas within Kitsap County which may be expected to show 
relatively higher or lower growth rates than the County average. 
F AZs are· identified on Exhibit 11-4. 

Population figures through 2020 were taken directly from the 
June, 1988, PSCOG report. Straight-line projections were used to 
forecast the population between 2020 and 2040. A summary of the 
assumptions used to prepare the population projections including 
percent of subareas within F AZs is presented in Table 11-6. 

Summary of Results 

Population estimates are shown on Table 11-7. The total popula­
tion within the GWMP study area is estimated to increase from its 
current level of approximately 181,400 people (1989), to 258,600 in 
2010, and 366,400 in 2040. Exhibit 11-5 is a graph of historical and 
future population growth from 1970 to 2040. 

Water Resource Requirements 

(1) Municipal and Domestic Water Demand 

Municipal and domestic water demand includes all public water 
supply systems and individual single resident water systems. The 
municipal and domestic water demand projections reflect popula­
tion forecasts and per capita consumption rates for urban, semi­
urban/rural, and rural areas of the study area. It includes water 
demands estimated to be met by the City of Bremerton's surface 
water supply. Total demand is influenced by the economic factors 
considered by PSCOG in its population model. It is estimated 
only as a function of population growth, as described in the previ­
ous section. Water demand impacts from unknown closures or 
construction of large industrial water use facilities was not 
assumed. Water conservation was addressed as described below. 

Water usage values were selected for three categories of water 
consumption patterns that reflect varying mixes of residential, 
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co=ercial, and industrial customers. Per capita average day 
demands of either 100 gallons per capita per day (gpcd) for rural 
areas, 140 gpcd for semi-urban/rural areas, or 175 gpcd for urban 
areas were selected based upon available historical water use 
records of several utilities throughout Kitsap County collected by 
the Kitsap County Health Department. The designations of 
urban, semi-urban/rural, and rural FAZs are based on the Kitsap 
County Land Use Plan. The demands were assigned to FAZs to 
reflect increasing influence of co=ercial/industrial activities 
representing existing conditions in Kitsap County. Peaking factors 
of 2.3 for urban areas was selected based upon the City of 
Bremerton's water use records. Peaking factors of 3.0 for rural 
and semi-urban/rural areas was selected based on prior work in 
similar areas of the State and reco=ended guidelines for average 
to peak day demand estimates. These demands and factors are 
su=arized by FAZ on Table 11-6. 

Available surface water supply was estimated from existing water 
supply records from the City of Bremerton. Water use was 
projected for the City of Bremerton based on overall projected 
increase in water demand for the Poulsbo-Bremerton Subarea. 
Proportion of surface water used annually was based on current 
utilization of 65 percent surface to 35 percent groundwater. The 
City of Bremerton's current maximum surface water supply capac­
ity of 15 MGD and planned expansion to 20 MGD will be used to 
offset peak day groundwater demands in the Poulsbo-Bremerton 
Subarea, as footnoted in Table 11-8. 

(a) Scenarios 

Demand scenarios were developed for existing conditions 
and three other scenarios of varying consumption regarding 
conservation and multi-family impacts. Scenario 1 repre­
sents demand under existing conditions, as described above. 
The other three scenarios considered were: increase in 
multi-family housing in the semi-urban/ rural and urban 
areas; water demands with water conservation for all areas; 
and, a combination of both. Scenario 2, with increase in 
multi-family units, assumes a gradual reduction in per 
capita consumption of 1.5 percent in the urban areas and 
3.5 percent in the semi-urban/rural areas for the year 1995, 
up to 3 percent and 7 percent, respectively, after the year 
2000. Scenario 3, with water conservation, assumes savings 
in per capita consumption of 5 percent in 1995, up to 10 
percent in 2000, and thereafter, for all urban, semi-urban/ 
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rural, and rural areas. Scenario 4 is a combination of 
Scenarios 2 and 3. 

(b) Subareas 

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

Subarea 1 
Subarea2 
Subarea3 
Subarea4 
Subarea SA 
SubareaSB 

- Hansville-Indianola 
- Bainbridge 
- Poulsbo-Bremerton 
- West Kitsap 
- South Kitsap West 
- South Kitsap East 

For individual sUilliiiaries by subarea, refer to Volume IT of 
this Report. 

(c) Average Day Demand 

(d) 

Table ll-6 shows the consumption values assigned to each 
F AZ. Table ll-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 

0 

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

Scenario 2, Multi-Family - 32 MGD in 2010 and 45 
MGDin2040. 

o Scenario 3, Conservation - 30 MGD in 2010 and 42 
MGDin2040. 

o 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 ll-8. Based upon the analysis, the 
potential peak day demand within the study area could 
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increase from current levels of approximately 66 MGD in 
1989 to the following: 

0 

0 

0 

0 

Scenario 1-Existing - 94 MGD in 2010 and 133 
MGDin2040; 

Scenario 2-Multi-Family - 91 MGD in 2010 and 128 
MGDin2040; 

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

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

(e) 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 Co=unity 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. 
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(t) Seasonal Water Demand 

Due to the limited availability of data, it is not possible now 
to accurately estimate seasonal water demand changes. 
Irrigation use is seasonal (i.e., it occurs during the spring 
and su=er months). The seasonal variability of irrigation 
has been accounted for in the water use projection tables. 
Irrigation use is based on a 5-month period rather than 
assuming it occurs year long. Municipal and domestic 
water use tends to fluctuate during the year because resi­
dential demand is lowest during the winter months and 
highest during the su=er months. Average day repre­
sents a leveling of demand, and peak day represents the 
highest estimate of water use that will occur during a given 
day in the su=er. Generally, winter residential use is 
approximately 80 percent of annual daily average, and 
su=er is approximately 25 percent greater than average 
annual daily demand. Spring and fall tend to reflect the 
average day demand estimate. 

(2) Co=ercial and Industrial Water Demand 

Most of the co=ercial and industrial water use is accounted for 
in the municipal and domestic water use category. For those busi­
ness establishments and industries not connected to a municipal 
water system, water use was estimated based on existing annual 
water right records for the Department of Ecology (Ecology). 
Co=ercial and industrial water use by this method accounts for 
approximately 0.27 MGD for all of Kitsap County. The break­
down by subarea is shown on Table 11-9. Private co=ercial and 
industrial use accounts for less than 1 percent of the projected 
annual demand. Non-municipal sources of supply for co=ercial 
establishments and industrial facilities are not expected to increase 
significantly. Most of this category of water use is anticipated to 
be met by surrounding utilities. 

(3) Irrigation 

Existing irrigation use is based on 1982 Bureau of the Census agri­
cultural statistics data for number of acres irrigated. In 1982, 6TI 
acres of land in irrigated farms were irrigated. Total land in 
irrigated farms was reported to be 3,147 acres, up from 2,462 acres 
in 1978. An estimated 603 acres of land was irrigated in 1978. 
Lower estimates of farmland irrigated have been reported by the 
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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 11-9, 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 reco=ended. 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 assumed 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 11-9. 

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 reco=ended. 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-
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(5) 

(6) 

Bremerton. The combined total average day requirement for fish 
propagation was estimated to be 5.20 MGD. 

Stock Watering 

The only other category of water demand considered was stock 
watering. Again, annual water right records from Ecology were 
used here, as well, to allocate water use between subareas. As 
with irrigation, no increase or decrease in water use for stock 
watering was anticipated. From 1978 to 1988, with the exception 
of poultry, there has been an increase in the number of stock 
animals, including cattle, sheep, horses, and swine in Kitsap 
County. This is based on data provided during review of this 
document from the Washington State and County Census 
agricultural statistics performed by key informants every 4 years, 
and separate of the regular census reporting. Excluding poultry, 
there were approximately 2,018 stock animals in 1978 as compared 
to 4,910 stock animals in 1988. Poultry, on the other hand, was 
reduced from 14,491 in 1978 to 2,000 in 1988. 

The overall water use for the County is not significantly impacted 
by water used for stock, and since it is difficult to project future 
growth trends in this area, no new groundwater development is 
anticipated at this time. The total projected average day 
requirement for stock watering was estimated to be 0.02 MGD 
based on water rights alone. 

Based on data provided from Washington State and County 
Census agricultural statistics, the number of beef and dairy cattle, 
sheep, horses, swine, and poultry, with an estimate of water use 
per category of animals, was used to determine annual water use 
for stock watering. Given 1,328 cattle, 847 sheep, 1,153 swine, and 
2,000 poultry, an annual water use of 14 million gallons or 0.04 
MGD was estimated. Although, this figure is twice the previous 
estimate, and exceeds the amount strictly allocated by water rights 
for stock, the amount is relatively insignificant given total water 
use in the County. This revised figure is reflected in Table 11-9. 

Total Water Resource Requirement 

A summary of average and peak day water demand for the Kitsap 
County GWMP study area by subarea is provided in Table 11-10 
and graphically depicted in Exhibit 11-6. The water demand 
projections shown include all of the above referenced demands, 
i.e. municipal and domestic, co=ercial/industrial, irrigation, fish 
propagation, and heat exchange. All total, municipal and domestic 
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water demand accounts for approximately 75 percent of the exist­
ing average day water demand during the irrigation season. 
During the non-irrigation season, municipal and domestic water 
demand accounts for about 80 percent of the existing average day 
water demand. Monthly, quarterly, and seasonal fluctuations in 
water demand beyond average and peak daily usage patterns were 
considered but found to be of small impact. This is particularly 
true where irrigation and co=ercial/industrial process activities 
are small outside the su=er period. 

The total average day existing water resource requirement is about 
31 MGD for 1989. It is projected to increase to approximately 54 
MGD in 2040, assuming water consumption habits and lifestyles 
do not change from existing conditions. If an increase in multi­
family housing units is assumed to occur in the semi-urban/rural 
and urban areas of Kitsap County, and a municipal and domestic 
water conservation program is initiated at the County and local 
utility levels, then the anticipated average day demand in 2040 is 
projected to be about 47 MGD. Hence, an additional average day 
water resource requirement of 16 to 23 MGD would be necessary 
by the year 2040. 

Total peak day demand is estimated to be about 74 MGD for 
1989. By 2040 this demand is anticipated to range from 122 to 140 
MGD depending on the scenario assumed. Hence, the additional 
water resource requirement during a peak day event would be 
about 48 to 66 MGD by 2040. 

Groundwater Rights 

(1) General 

The groundwater right information for each subarea is presented 
in Volume II, Appendices A through E. The su=ary Table 11-11 
has been derived from water right printout records of Ecology, 
dated July 11, 1988, and from data previously compiled during 
development of the Kitsap County Coordinated Water System 
Plan (CWSP). These water rights were established under the 
State ground-water code, Chapter 90.44 RCW. 

The tables include all groundwater rights that were in the 
computer system on the date of the water right printout. The 
entries under the Source I.D. column on the tables are variable. 
They are intended only to portray the best apparent identifier for a 
particular water right Water right ownership changes are not 
usually reflected in the water right records. Therefore, in many 
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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 su=ary 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 authorization 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. 

(2) 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 II, 
and in particular Table 11-11, 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. 

(c) 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. 

(e) 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. 

11-16 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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. 

(4) 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. 

(5) 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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(b) Water right records could be a much better tool in ground­
water management if the individual water right more 
clearly reflected actual use and if unused rights were volun­
tarily or involuntarily relinquished to be eliminated from 
the records. 

DATABASE MANAGEMENT SYSTEM AND PROJECf DATABASE 

A water resource database management system and a project database were 
developed for the study. The database management system is a customized 
program that allows the user to conveniently manipulate data. The system was 
developed to assist the County and other water resource planners in future data 
management. 

The project database includes a wide variety of information such as well 
construction data, geologic logs, water level data, owner and water rights infor­
mation, and water quality data. The database provided that basic information 
necessary to assess hydrostratigraphy, groundwater flow systems, water quality 
conditions, and quantity and quality trends. 

A Database Management System 

A computerized database management system was developed for the 
project to provide the project consultants and local agencies a tool for 
management of groundwater resource information. The system incorpo­
rates the following features: 

0 

0 

Operates on a standard desktop PC computer system; 

Compatible with Ecology data management requirements as well 
as U.S. Geological Survey (USGS) and EPA database systems; 

o Provides a user friendly menu interface that allows water resource 
planners access to information without having to understand 
complicated programming commands; 

o Accepts both site-based and time series data; and 

o Provides an optional graphics interface which allows presentation 
of data within an AutoCAD mapping environment. 

The database procedures which are used to manipulate the data were 
developed with Dbase ill (R) software. Dbase ill is a relational database 
manager that provides a programing environment for development of 
specific procedures for data manipulation. The programing environment 
was used to develop procedures that run behind a menu interface. The 
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B. 

menu interface prompts the user to make selections and to key in data. 
Consequently, the user does not need to have a programing background 
to use the system. The procedures serve five basic functions including 
data input, editing, retrieval, transfer, and backup. 

The data input procedures are designed to prompt the user for required 
data fields and to do limited error checking to confirm that the data was 
properly entered. 

The data editing procedures allow the user to modify or update existing 
information that is already contained in the database. 

Data retrieval routines allow the user to prepare data reports for use in 
water resource planning studies. Standardized report forms can be used 
(e.g. water levels, pumpage, well logs, etc.). Data retrieval can be accom­
modated by the following: 

o Retrieve by Site ID, 

o Retrieve by an Owner ID (e.g. Department of Health (DOH) 
number), 

o Retrieve by Township-Range-Section, and 

o Retrieve by Latitude-Longitude or State Plane Coordinate 
windows. 

The data transfer routine allows the user to periodically extract all new or 
modified data and automatically build appropriately structured files for 
transfer to Ecology. 

The data backup routine allows the user to periodically save the contents 
of the entire database management system to a set of floppy disks. 

The structure and organization of the data management system conforms 
to the requirements defined in Ecology's Data Reporting Manual for the 
Groundwater Management Program (revised February 1988). All 
database information is organized and indexed using a site identification 
number (SITEID) based on the USGS protocol. 

Project Database 

One of the principal goals of the study is the compilation and assessment 
of the existing hydrogeologic data within the county. This effort created a 
reliable set of baseline data from which we have defined what could be 
realistically studied. It also served to demonstrate gaps in the available 
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data which should be closed by collection of additional data. This data is 
the foundation upon which development of the recommended manage­
ment practices is based. To systematically process the vast amount of 
available data, it was determined that the construction of a computerized 
database was essential. This makes application, editing, and maintenance 
of the data appreciably more efficient. 

At the beginning of the study, well construction and water level data for 
approximately 2,900 wells were transferred from the USGS WATSTOR 
computer system through a PC computer system. A preliminary assess­
ment of the available hydrogeologic data demonstrated that far more 
data existed than could be processed under the scope of this project. It 
was, therefore, necessary to establish a selection process by which the 
best and most appropriate data was incorporated into the working 
database. The goal was to create a database which contained approxi­
mately 800 high quality data points which provided reasonable areal 
distribution over the study area. Approximately 350 of the 3,350 wells in 
the USGS WATSTOR database were extracted and, when necessary, 
modified and 450 new wells were added to create the new database. The 
intent was to choose the two best data source wells per section and 
thereby acquire two valid data sets for each square mile of the study area. 
Where additional high quality data was determined to have sufficient 
value to the study it was included. Where no data of acceptable quality 
existed for a given section, the deficiency was noted and no data was 
entered. The development of the database was designed to create a 
computerized database compatible with the hardware and software 
employed by Ecology. Selected parameters for wells contained in the 
USGS WATSTOR and project databases are presented in Appendix F. 

The criteria for selecting data-base wells were: (a) confidence in well 
location, (b) availability of a geologic description, and (c) construction 
details. Data reliability was also of critical importance. Data generated 
as part of a professional study or involving the input of a hydrogeologist 
was assigned a high priority where available. 

Data sources for the selected wells included: reports from hydrogeologic 
consultants, purveyor files of the Kitsap County Environmental Health 
Department, files maintained by Nicholson Well Drilling, USGS publica­
tions and unpublished data, and various purveyor's well files. Ecology 
water well reports are included in the information acquired from Kitsap 
County Environmental Health Department and Nicholson Well Drilling. 

The confidence in the well location was perhaps the most important 
factor in determining if the data from a well would be included in the file. 
If, and only if, a well could be located with reasonable accuracy, was the 
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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 rone 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 detalls 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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The data for about 40 wells on Bainbridge Island were provided by USGS 
office in Tacoma. This information was developed for a recently 
completed USGS study effort on the island. 

Various Class 1 purveyors of Kitsap County were contacted directly in 
order to search their files for wells not included in the above-mentioned 
sources. Some valuable information for the most part on deep, older 
wells was found in these files. 

As the data was collected, each data point was located on USGS quad­
rangle maps. The data was then transcribed onto a pre-printed, stan­
dardized form number ECY 030-29 ("green sheets") provided by Ecology. 
The following discussion describes the data recording process for selected 
data categories. 

(1) Location 

The location of each well was transferred to USGS quadrangles 
from the best available description. When practical, the AutoCad 
computer system was used to digitize the location from the base 
map and to convert the location to latitude/longitude coordinates. 
For the remainder of the wells, the latitude/longitude coordinates 
were determined using a scaled overlay designed to fit the partic­
ular base map. 

For newly added wells, the latitude/longitude of the site location 
is used to form the site identification number. In the case of wells 
imported from the WATSTOR database, the existing WATSTOR 
identification number was retained and if necessary only the lati­
tude/longitude coordinates were changed. The site identification 
number is a unique identifier developed by the USGS and is a 
concatenation of "!at-long" and a sequential well number (i.e., 01, 
02, etc.). In cases where WATSTOR well locations were corrected 
the new "!at-long" was assigned and the original site identification 
number was retained. 

The "local number" of the well is assigned using the standard 
Township/ Range/Section scheme of the USGS. In this scheme 
the 40 acre section divisions are assigned letters from A to R. 
Therefore for the second well entered in Township 25N, Range 
2E, Section 10 and subsection B (NW1/4, of NE1/4) the local 
number is 25N/02E-10B02. 
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3. 

(2) Remarks 

The remarks field was used to give the source of the well data and, 
in some cases, the owner's well name. This field is helpful for 
quick identification and cross-referencing of the wells. 

(3) Construction Details 

Included in the database are construction details such as the hole 
diameter and depth, casing and completion record, drilling 
company and the drilling method used. 

(4) Geologic Log 

This field provides the written description of the geologic material 
encountered as the well was drilled. These descriptions came 
from hydrogeologic reports and State Water Well Reports that 
include the geologic description and depths. 

The availability of additional Jogs such as geophysical Jogs 
(electrical, natural gamma, caliper, etc.) is indicated in the 
database in the Geophysical-log field, although the actual Jogs are 
not included. 

(5) Pump Test Data 

Additional fields added to the "green sheet" data form contain the 
data acquired during pumping tests. These include type of test, 
drawdown, and test duration. In most wells where hydrogeological 
consultants conducted the well test, an aquifer transmissivity was 
calculated and when one or more monitoring wells were available, 
storativity was also calculated. Fields are included for these 
parameters but are only filled where sufficient work was done to 
provide reasonable values. 

MAPPING PROCEDURES 

Most all of the major work products (maps) that were developed during the 
study were prepared using AutoCAD (R) computer aided drafting software. 
The AutoCAD work products provide a convenient medium for manipulation 
and presentation of the data within public forums and reports and facilitates 
future updating of maps as new information becomes available. 

The AutoCAD mapping is based on the Washington State Plane Coordinate 
System, Lambert Projection (north zone). An AutoCAD base map was initially 
digitized using USGS topographic quadrangle maps. The base map includes 
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data such as township-range-section grid and major surface water features. 
Report figures and other information were digitized as overlays that register to 
the base map data. 

All information contained within the database is also stored by State Plane 
Coordinates which allows extraction and presentation of water resource informa­
tion as AutoCAD overlays. 

A number of utility procedures were developed to facilitate extraction of data 
from the database and presentation within the AutoCAD mapping environment. 
The routines allow the user to perform the following functions: 

o Query the database for information such as well yield, well depth, water 
level, water use, etc., and to plot the data onto an AutoCAD base map. 

o Extract well data and to prepare diagrams that illustrate well construction 
features, water levels, and subsurface geologic data. 

0 Build cross section profiles through an arbitrary alignment and set of 
wells. 

HXDROGEOWGY 

To assure that the management recommendations subsequently developed in 
this study are based on sound hydrogeologic information, a program was 
designed to collect, organize, and assess the available information. This data 
collection program was designed to treat all areas of the County with equal 
emphasis. Since the scope of the study covers the entire County, an area of 
approximately 402 square miles, the description and interpretation of the hydro­
geology are necessarily regional in scope. However, where possible, the regional 
interpretations have incorporated information developed by studies with more 
site-specific focus. This has helped to verify the accuracy of the regional descrip­
tion. 

The hydrogeologic interpretation was developed after a systematic collection 
and compilation of verifiable data. This data is the basis for various interpretive 
maps and cross sections. The explicit products include maps showing surface 
geologic characteristics, data location, drainage basins, slope/topography, and 
groundwater contour maps, as well as geologic cross sections. The goals of this 
interpretive process were the preliminary evaluation of groundwater infiltration 
and surface drainage patterns, the identification and description of known and 
suspected principal aquifers within the county, and the description of the flow 
dynamics of those aquifers where possible. The following sections detail the 
data collection efforts and interpretations which were applied to develop each of 
these products. 
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A 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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B. 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 
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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 Th) have a 'T' 
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 Th 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 Qn6 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 bas 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 Qn5, 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 OlKOl). 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 Qg4m. 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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Unit Qg3 represents the deposits of the third oldest glacial episode. This 
unit generally consists of sand, sand and gravel, and till. The unit is found 
between 200 feet above or below sea level and is up to 200 feet thick. 
This extensive unit is an extremely important aquifer for the county. A 
large percentage of the wells in the county are completed in this unit. 
The unit is tentatively correlated with the Double Bluff Drift 
(Easterbrook, 1968) to the north. 

Unit Qn3 is an interglacial deposit of fine grained material (clay, silt, 
sand and sometimes peat) and generally acts as an aquitard. The unit is 
intermittently present throughout the county. Very rarely are wells 
completed in this unit and the few that are have low yields. The unit is up 
to 300 feet thick. This unit can likely be correlated in the southern part of 
Kitsap County with the Kitsap Formation (Garling and others, 1965) and 
the Whidbey Formation (Easterbrook, 1968) to the north. 

Unit Qg2, sometimes referred to as the mid-cliff drift, has sporadic 
deposits throughout the county. The formation is generally poorly sorted 
and contains sand, gravel, silt and clay. It is generally found 100 to 300 
feet above sea level, is up to 150 feet thick, and is not areally extensive. 
Only a relatively small amount of wells are completed in this unit. This 
elusive formation is likely correlative with the Possession Drift of 
Easterbrook and others (1967). 

Unit Qn2 is a fine grained, interglacial deposit up to 150 feet thick. The 
unit is generally an aquitard with very few wells completed in it. The unit 
is probably correlative with the unnamed sediments below the Lawton 
clay of Mullineaux {1965) which have been designated as the Discovery 
formation by Noble (1989, in preparation) . 

Unit Qgla was deposited by meltwaters from the advancing glaciers 
during the last (Vashon) glacial episode. This thick, extensive unit of 
sand, and sand with gravel is up to 250 feet thick. Numerous wells, both 
public and domestic, are completed in this prodigious aquifer. This unit 
can be correlated with confidence to the Colvos and Esperance sands. 

Unit Qgl is Vashon glacial drift. This unit was deposited as a veneer of 
till over the entire county as the ice flowed south. Qg1 yields minor 
amounts of groundwater in perched aquifer systems. This unit covers the 
largest amount of surface area of all geologic units in the county. When 
present its thickness varies dramatically up to 200 feet. 

The Vashon recessional deposits have been included in Unit Qn1, but are 
too thin to be shown on the cross-sections at the scale used. These 
deposits are usually less than 50 feet in thickness and often much thinner. 
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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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slope as they affect the surface hydrology. The maps are included in the 
discussion of each subarea in Volume II. 

The various map units for the geologic characteristics maps were defined 
recognizing that their primary function was to convey concepts pertinent 
to the hydrogeologic aspects of the study area In some cases complex 
exposures were simplified where the detail tended to mask hydrologic 
characteristics or where the details added no significant information to 
the hydrologic interpretation. This was particularly true of high slope 
areas along the shoreline bluffs. 

Unit 1 includes alllithified bedrock that crops out within the county. Two 
distinct formations are found within the study area These are the 
Tertiary volcanics, found east of Bremerton, and the Blakeley Formation, 
found west of Bremerton and on Bainbridge Island. The physical nature 
of these units has been presented above. The units are characterized by 
high runoff rates, low permeability and are not generally considered to 
contain significant groundwater resources. Their implication in the 
resource analysis is important in that catchment areas dominated by this 
map unit tend to have high runoff/low recharge characteristics. 
However, the runoff can be very important to adjacent areas where runoff 
can be more easily infiltrated. 

Unit 2 delineates areas with high slope and/or complex geology. Based 
on USGS topographic maps, areas with a slope of greater than 30 percent 
were assigned to this unit. Areas of complex geology were defined gener­
ally as areas where multiple units crop out in a small area, such as in 
valley walls and sea bluffs. Since the slope is the dominant hydrologic 
characteristic, and the geologic detail is not significant in the hydrogeo­
logic response of these areas, the geology was simplified for these areas to 
make map reading and interpretation simpler. Areas dominated by Unit 
2 are characterized by high runoff rates and variable, but generally low, 
infiltration. Unit 2 areas are not significant as recharge zones in the 
county. However, they may locally contain discharge points, particularly 
in the form of springs. 

Unit 3 describes areas of lacustrine and flood plain deposits and includes 
the geologic unit "Vashon lacustrine", identified on Deeter's map as Ql, as 
well as other lacustrine deposits defined in the county. The deposits are 
thinly bedded gray to tan silt and clay. The unit is mapped as sporadic 
deposits spread throughout the study area with occasional deposits of 
relatively large areal extent. Unit 3 is characterized by high runoff and 
low permeability. Percolation to deeper zones is inhibited by this deposit. 
In addition, where this unit is present, any contaminant introduced would 
be expected to migrate laterally more quickly than vertically. 
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Unit 4 shows areas of organic sediments such as peat bogs and swamps 
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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c. 

D. 

assumed that Unit 8 material promotes moderate amounts of runoff and 
has medium permeability. 

Principal Aquifers 

Assessment of the geologic and hydrologic data allowed the identification 
of 27 areas which have been designated to contain the principal aquifers 
of Kitsap County (See Exhibit II-8). The North Lake and Bremerton 
South aquifers are shown separately in the exhibits but are discussed 
collectively in the text because of suspected continuity. Multiple aquifers 
have been . id~J!t!fied and named as a result of this study. @rese ) 
~~eated-aquifers are the major areas of groundwater development at ) 
thi( time. }Each of the aquifer areas are detailed in the appropriate 
subarea description in Volume II. 

For a lithologic unit to be identified as a principal aquifer it was 
necessary for it to have the following characteristics: several proven major 
water supply wells or springs, sufficient test data to evaluate aquifer 
characteristics, and sufficient correlation of geologic characteristics to 
justify assumption of continuity between wells. In several locations the 
named aquifer area comprises two or more vertically separated aquifers. 
Due to the preliminary nature of the definition, the level of 
understanding varies for each aquifer. For the most part, these aquifers 
are near or below sea level and are comprised of pre-Vashon geologic 
units. 

The definition of aquifer boundaries was accomplished by interpretation 
of the geologic data available in the database for wells in proximity to the 
major production areas. In those instances where the presence or 
absence of the aquifer can be confidently identified, the boundary is 
represented by a solid line. Where insufficient data exist to accurately 
define the boundary, a best guess interpretation was made and the 
boundary represented by a dashed line. As can be seen in Exhibit 11-8, in 
many cases the aquifers are bounded by dashed lines. 

It is expected that as additional hydrogeologic data are generated, the 
shape of the delineated aquifers will be altered and additional aquifer 
areas will be identified. In a few instances single wells which may 
represent a large aquifer were identified, but there was insufficient 
evidence to qualify the area for designation as a principal aquifer. 

Groundwater Flow System 

Groundwater flow within the system is controlled by a large number of 
factors including water level elevation, topography, geology, soil proper­
ties, recharge rates, and position of recharge and discharge features. In 
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general, groundwater flow is from areas of high hydraulic bead, or water 
levels, to areas of low hydraulic bead. Water level contours or equipoten­
tial lines provide definition of areas where the hydraulic bead is equal. 
Flowlines define the direction of groundwater movement within the 
system. For idealized systems, flow lines are oriented perpendicular to 
contour lines. The flowlines show the direction of groundwater move­
ment from recharge areas to discharge areas. 

A recharge area includes that portion of the drainage basin where the net 
direction of groundwater movement is downward and away from the 
water table. A discharge area includes that portion of the drainage basin 
where the net direction of the groundwater movement is upward towards 
the water table. 

A regional groundwater system is usually composed of several flow cells. 
Localized flow cells often exist in shallow groundwater wnes where the 
distance between recharge and discharge areas may be on the order of a 
mile or less. Larger regional flow cells occur within the deeper ground­
water zones where the distance between the recharge and discharge areas 
may be miles to tens of miles. 

Topography and geology can have profound effects on water levels and 
groundwater movement. Where local relief is negligible and soil proper­
ties are uniform, only regional flow systems will develop. On the other 
hand, where there is significant local relief and complex geology, such as 
layering of high and low permeability material, then primarily local flow 
systems will develop. Geologic heterogeneity can affect the interrelation­
ship between local and regional flow cells, it can affect the surficial 
pattern of recharge and discharge areas, and it can affect the quantities of 
flow that are discharged through the system. 

Groundwater movement within the flow system is three dimensional in 
nature. In regional systems where significant contrasts between vertical 
and horizontal permeability occur, flow patterns become almost rectilin­
ear with horizontal flow in the aquifers and vertical flow across the 
aquitards. 
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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 c;m be quantified by Darcy's Law: 

where: 

Q=K•I•A 

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 (Qg1) and Vashon advance deposits (Qg1a), 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 (Qg1 and Qg1a) 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 resulted 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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E. 

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. 

lnfiltration Potential 

lnfiltration 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 wne (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. Oean 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 11-9. The relationship between soil perme­
ability categories and geologic units are presented in Table 11-13. 

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 11·10. 

Land use (as it relates to impervious cover) will also influence infiltration 
potential Areas that are wned 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 wned and developed for agriculture, 
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 11-11. 
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Future land use in accordance with currently adopted land use documents 
for the County are shown in Exhibit 11-12. 

An empirical approach was used to develop infiltration potential maps. 
Each of the parameters that influence infiltration were given weights and 
rankings (see Table 11-13). 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 11-13). 

The weighting and ranking factors used in the analysis are presented in 
Table 11-13. 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 11-13. 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 11-11 and Exhibit 11-12, 
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 
Island 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. 

F. 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 11-13). 

The weighting and ranking factors used in the analysis are presented in 
Table 11-13. 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 

11-38 



G. 

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 11-15. 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 11-14. The location of the principal aquifer zones are 
also superimposed upon the map to illustrate areas with relatively greater 
aquifer vulnerability. J11ost·of the principal aquifers occur at relatively i 
deep depths and are well protected from near surface contaminant> 
sources by overlying low permeability strata. Exceptions to this include i 
the l{ansville, Meadowmere, Lynwood Center, and Poulsbo aquifers ; 
\\fhich lie at relatively shallow depihs (i.e. generally less than 150 feetl­
The highest recharge, potential areas occur within the western and soutl:i­
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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this section. Change in storage over the average year (typical period of a 
water balance analysis) is assumed to be self canceling for a net effect of 
0. With this assumption, the mass balance equation becomes: 

Recharge = Discharge 

where: Recharge = Precipitation - Evapotranspiration - Storm 
Runoff 

and: Discharge = Human Use + Natural Discharge 

Long-term estimates of recharge and other water balance components 
were developed for each of the subareas based on a climatic water 
balance assessment. These water balance estimates are summarized in 
Table 11-14. All water balance components are presented as a range to 
emphasize the fact that inherent errors exist with all the estimates. The 
following provides a brief discussion of each of the water budget compo­
nents: 

( 1) Recharge 

Recharge within this study includes all water that infiltrates the 
soil beyond the root zone and becomes groundwater. The down­
ward movement of recharge is often impeded by low permeability 
strata which forces a fraction of the recharge laterally towards 
points of discharge such as springs, seeps, streams, and wetlands 
where it is lost from the groundwater system.. The remaining frac­
tion of recharge continues its downward migration where it 
recharges deeper aquifer systems and is ultimately discharged to 
the surface water system.. Depending upon its potential travel path 
within the subsurface, soil permeability, and hydraulic gradients, 
groundwater may be resident within the system for as little as 
several days or for as long as several hundred years. 

Actual recharge to the underlying aquifers is a function of many 
complex variables such as the infiltration potential of the near 
surface soils; the climatic balance of precipitation, runoff, and 
evapotranspiration; hydraulic gradients that move water down· 
ward; and the presence of low permeability units that can restrict 
the downward movement of groundwater. The infiltration and 
recharge/aquifer vulnerability potential (discussed above) 
provides a general indication of the areas that are better at allow­
ing precipitation to enter the soil and move downward as recharge. 
The climatic balance provides an approximate estimate of the 
average amounts of water that infiltrate beyond the root zone and 
has potential for recharging underlying aquifers. Hydraulic gradi· 

11-40 



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 

I 
I 
I 

average precipitation minus average evapotranspiration and runoff I 
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 J 
water balance components when computing resultant recharge. 

(2) Precipitation I 
Precipitation is the principal input to the hydrologic system. The 
general distribution of precipitation within the project vicinity is I 
shown on Exhibit 11-15. 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 I 
Peninsula area_ The precipitation stations include Port Townsend, ' 
Chimacum, Quilcene, Brinnon, Bremerton, Keyport, Vashon, 
Wauna, Grapeview, and Union (note, the Port Townsend and 11 
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 I 
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 1 
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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(3) 

(4) 

County. Average annual precipitation may locally exceed 80 
inches/year within the Green and Gold Mountains where 
orographic effects contribute to an anomalous precipitation high 
(Garling, et.al, 1965). 

Evapotranspiration 

Evapotranspiration includes water lost to the atmosphere through 
the processes of evaporation, sublimation, and plant transpiration. 
Long-term average annual evapotranspiration rates were esti­
mated using a Thomthwaite analysis and assuming a 3- to 5-inch 
soil moisture holding capacity (assumed typical for glacial soils). 

The Thomthwaite methOd uses latitude and temperature to calcu­
late potential evapotranspiration and a simple water balance 
within the soil to relate potential to actual evapotranspiration. In 
this balance, actual evapotranspiration equals potential as long as 
the soil has sufficient moisture. When the soil is drier, the actual 
rate decreases. In our analysis, we have computerized the soil 
mass balance procedure to calculate the actual evapotranspiration 
rate on a quarter-month basis In this analysis, monthly data 
(rainfall and temperature) are distributed evenly over each week 
of the month and actual evapotranspiration is calculated by: 

ET = PET • (SM/SMC) 

where: 

ET = Actual evapotranspiration (in/yr) 
PET = Potential evapotranspiration (in/yr) 
SM = Soil moisture content for the previous 

week (in) 
SMC = Soil moisture holding capacity (in) 

This linear function of the ratio of actual water content to soil 
moisture holding capacity was used to relate actual to potential 
evapotranspiration (Dunne and Leopold, 1978). 

Runoff 

Runoff within this analysis is assumed to be the stormflow portion 
of the streamflow hydrograph. It does not include that portion of 
the hydrograph that is derived from groundwater return flow 
(considered to be recharge). Storm runoff is generally assumed to 
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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 
annual 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 11-14. 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 
11-15. 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 11-15). 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. 

H. 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. 

Qptimal 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 

11-44 



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 = C1 • Recharge Rate • Recharge Area 

The coefficient· C1 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 ll.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 ll-15. Estimates of average day and peak day 
groundwater usage for the years 1985, 2010, and 2040 are presented for 
comparison. In addition, annual 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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5. 

water supply could likely be developed from the West Kitsap and South 
Kitsap subareas if productive aquifers can be located. 

TREND ANALYSIS 

A Precipitation, Pumpage, and Water Level Trends 

(1) Purpose 

(2) 

The purpose of compiling precipitation, pumpage and water level 
trend data is to: 

o Establish baseline trends and seasonal variations; 

o Evaluate the effects of pumping and climate on water level 
trends; 

o Identify areas of possible groundwater overdraft; and 

o Assess long-term monitoring system requirements. 

Approach 

Precipitation: Data from the U.S. Weather Bureau's climatologi­
cal station in Bremerton were used to assess precipitation trends 
from 1976 to 1988. 

Water Level and Pumpage: Water level and pumpage trend data 
were compiled from the project database, consultant reports, and 
direct contact with water purveyors by the Bremerton-Kitsap 
County Health Department 

The project database was queried to identify and produce water 
level plots of all wells for which there were data from six or more 
water level measurements. 

Available reports concerning water level and pumpage fluctua­
tions, for individual or groups of wells, over a period of years were 
identified and reviewed. 

In the summer of 1988, the Bremerton-Kitsap County Health 
Department contacted the Class 1 and Class 2 Water Systems in 
K.itsap County and requested information on: 

o Historic pumpage data from metered wells; 
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o Historic static water level data obtained under non­
pumping conditions; 

o Historic water quality data and the frequency of data 
collection; and 

o Information on abandoned wells. 

Approximately 23 purveyors responded. Their responses were 
compiled by the Bremerton-Kitsap County Health Department 
(BKCHD) in "Pumpage Trends, Static Water Levels, Water 
Quality and Abandoned Well Data from Participating Oass 1 and 
2 Water Systems" (October 1988). However, because the data 
received was incomplete, selected purveyors were contacted again 
by letter in December 1988 and by phone in January 1989, and 
asked to provide the aforementioned data. 

(3) Results 

Precipitation: The monthly precipitation data for the last 12 years 
was plotted on a graph as shown in Exhibit ll-16. As expected, the 
peaks, or periods of the most rain, coincide with the winter 
months, and the troughs with the drier summer months. The 
wettest period during this time span occurred in late 1984 when 
almost 20 inches of rain fell in one month. 

Exhibit ll-16 also shows a 12-month running average plot using the 
same data from the Bremerton station. In this instance, the 
monthly precipitation amount was averaged with the amounts 
from the previous 11 months to obtain the data point. This 
method provides a better view of precipitation trends over the 
years, by smoothing out the peaks and troughs created by the 
seasonal patterns. This plot shows that the mid-part of the time 
period 1976 to 1988, roughly 1983, was wetter than the earlier and 
later parts of the span. 

Water Level and Pumpage: Forty-four (44) wells with six or more 
water level measurement entries were identified in the database 
and plotted in time series. Unfortunately, the data recovered for 
these individual wells were generally inconclusive, and in some 
instances appeared to be unreliable. Often, all of the water level 
readings were from a one or two year period, so that trends could 
not be perceived. In other cases, there were very large discrepan­
cies among the water level readings over a short time span, possi­
bly indicating that some of the readings were taken while the well 
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was being pumped. In general, there were too many anomalies in 
the data to discern any trends. 

Two (2) consultant reports concerning water levels and pumpage 
trends in Kitsap County were identified and reviewed. The 
following is a summary of the conclusions of the reports: 

o North Perry Avenue Water District Pumpage and Water 
Level Su=ary (Robinson and Noble, 1984): Among 
other issues, this report considered the non-pumping water 
levels for 8 wells in the North Perry Avenue Water District 
from 1977 to 1983. Three (3) of the wells showed a decline 
in water levels, while 3 other wells showed a rise in water 
levels over the study period. The remaining 2 wells showed 
no apparent trend. The study concludes that the consistent 
on-going collection of hydrologic data is necessary for 
proper groundwater resource management. 

o Monitoring of a 4-Inch Observation Well at Fletcher Bay 
(Robinson and Noble, 1988): Water levels in an observa­
tion well located near the Kitsap County PUD No. 1 
production well at Fletcher Bay and pumpage were consid­
ered over the 1980 to 1987 time period. As the withdrawal 
rates from the production well increased over the time 
period, a slight decline was seen in the water level in the 
observation well. However, the report concludes that at the 
current and past rates of withdrawal, the aquifer supplying 
the production well does not show any signs of depletion. 

Despite the efforts by the BKCHD, the attempt to collect trend 
data directly from the purveyors was generally unsuccessful. 
Trend data provided by the purveyors was often sporadic in 
nature, indicating inconsistent data collection over the years. In 
other cases, the pumpage and water level data only covered a 
short time span • insufficient for trend analysis. A number of 
water systems did not respond to the request for information. 

Water Quality Trends 

(1) Background 

Water quality trends were performed for the key indicator param­
eters within the study area. A description of these parameters, 
and the criteria for their selection were described previously in 
paragraph 1, Planning Criteria of this Section. Historical and 
current information relating to the presence of these groundwater 
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quality indicator parameters in Kitsap County was gathered from 
several sources including Ecology, the BKCHD, and USGS. 

·Trends in each parameter over time were plotted and evaluated 
statistically. 

Statistical analyses were conducted on results of key indicator 
parameters tested since 1970 to evaluate regional trends in water 
quality. Where possible, excessive concentrations of specific test 
results were evaluated to determine if contamination was occur­
ring at a specific location. Results from known contamination 
sites were not included in the statistical trend analyses in order to 
not skew the trend results. It was determined by the Ground 
Water Advisory Committee (GWAC) that known contamination 
sites frequently have an abundance of information and did not 
merit further evaluation. Whereas, these contamination sites are 
of concern, the GWAC focused on background concentrations and 
any increasing regional trends in water quality. 

Water quality data from each of the six subareas was evaluated 
separately. The wells used in this evaluation were categorized as 
"shallow" or "deep". It was conjectured that segregating wells by 
depth might indicate the impact of surface activities on shallow 
wells, keeping in mind that several factors contribute to contami­
nation potential including surficial geology, presence of aquitards, 
hydraulic continuity with other aquifers, and mobility of specific 
chemical parameters. 

The preferable method for analyzing water quality data would be 
to tie each well into a specific aquifer zone. Unfortunately, the 
format of reporting groundwater quality test results did not corre­
late with databases of construction and well log information. 
Specifically, well location and wellhead elevation data was 
commonly unavailable. In addition, water quality results are 
normally submitted with only an owner name or DOH water 
facility identification (WFI) number attached. Therefore, correla­
tion to specific sites was impossible where an owner had multiple 
wells. The alternative was to break the wells into depth categories 
which would roughly correlate to aquifer zones and potential 
impacts from land surfaces. The definition of "shallow" or "deep" 
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for each subarea was identified in the following manner: 

Subarea 

Hansville /Indianola 
Bainbridge Island 
Poulsbo/Bremerton 
West Kitsap 
South Kitsap- West 
South Kitsap - East 

Depth Zone 
<Depth from surface) 

Shallow ·~ 

<100' >100' 
<100' >100' 
<100' >100' 
<250' >250' 
<100' >100' 
<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 Oass 1 and Oass 2 
public water supply wells. Ecology provided historical and current 
data on the Oass 1 and Oass 2 wells within the study area. Water 
quality data from aass 3 and aass 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: 

o Strandley Scrap Metal Site 
o Wycoff Wood Preservation Facility 
o Bangor Submarine Base Ordinance Disposal Site 
o Activities at the Keyport Naval Undersea Warfare 

Engineering Station 

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 11-17 displays 
the locations of wells from which water quality data was evaluated. 

(3) 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 (RZ) of the equation, the F-Statistic of the regres­
sion and the T-statistic of the coefficients. The RZ 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 meanin~, are identified below: 

Statistic Value 

R-squared >0.5 

F-statistic > 10 

T -statistic [2.00] 

Meanjns 

Indicates that the equation moderately 
explains the data for regressions of time 
series data with over 20 observations. 

Indicates a significant regression at the 5 
percent level. 

Significant at the 5 percent level. 
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(4) Trends 

(5) 

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 
system. 

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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The majority of the wells with water quality information were from 
public water supplies which are subject to compliance monitoring 
for primary and secondary parameters. These parameters have 
compliance schedules which typically do not exceed 3-year 
intervals. The majority of observations for these parameters were 
at detection or reporting limits. Water quality trend plots for all 
Subareas can be seen in Appendix H. 
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TABUi 11-1 
KDopc-y 

Or h- u •• , , Plu 
La...t u .. &lid w- Quality IDdlcaDor ,.,.._.... 

OT A c.tccorica 

I, c.tcgory I 
A. Sub1urfaee percolation 

B, Injection Wells 

I, Hazardouo Wule 

2. Noa·Haz.udous wuto 

C. Land Applic:atioa 
I, WuteWoJM 
2. Wastewater byproducts: 

sludge 

3. Hazardous wasto 

4. Non-hazardous wutc 

0, Category 2 
A, Landfills 

L lndllllrial Hoz, wute 

2, Industrial Non,Hoz, WUie 

3, MunicipoiiiDilary 

8. Open dumP' 

C, Residential dispoal 
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TC, FC, FS 

Nitrate-Nitrite, Chloride, Sulfate 
Cooductivily, pH 
Boi'OII 

TC, FC, FS 
Nitrat~Nitritc, Chloride, SulCa.tc 
Coaduc:tivity, pH 
Artcnic, Chromium, Tin 
Hesvy Metals 

HAZARDOUS WASTE LIST: 
Trichlo.-hylene 

Tctraeblorocthylcoc 
I,I,I,Trichloroethane 
Methylene Chloride 

TOX, TOC 
Chromium, Lced, Cylllide 

Phenols, PCB, PNA 
Cooductivily, pH 
Coaduc:tiviq, pH 

HAZARDOUS WASTE LIST 
c~.z~.C4dnUum 
Acetoao, Kctoao 

Phlhalaro oalcr 

Coaductivily, pH 
HardoOII 

!1'011, Chloride, Sulfate 

Coaductivily, pH 

Nitralo:Nilrite 
Cooduc:tiviq, pH 
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OT A c.tecorieo 

D. Surface lmooundmcnts 
I. Hazardous wu<o 

E. Waste tailings 
F. Waste pile. 

1. Haz.ardoua wute 

2. Non-hazardous waste 

TABLE Il-l contillued 

G. Materials stockpiles (non-waste) 

H. Graveyards 

I. Animal burial 

1. Aboveground storage tanb 
1. Hazardous waste 

2. Non-baurdous-

K. UndcrllQUnd ltorap tanb 
t.Haz.udouswu<e 

2. Non-baurdous wu<e 

L. Containen 
1. Hazardous wu<e 

2. Nco-hazardous waste 

M. Open bumins/ddOnation 
N. Radio.c:tive dispo!lllitea 
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Wour Quality lodicllor P~ 

HAZARDOUS WASTE LIST 
Mercury 
Coaductivity, pH 

lroo, Chloride, Sulfllc 

Nitrate--Nitrite 
Conductivity, pH 

HAZARDOUS WASTE UST 
Mercury 
Conductivity. pH 

Iron, Chloride, Sulfate 

Nitrate--Nitrite 
Conductivity, pH 

Formaldehyde, Oisl. Organic Carbon 
NH3, Nilrllc·l'litritc 
Conductivity, pH 

Formaldcbycle, Oisl. Orgllllic Carboo 
NH3, Nitrile-Nitrite 
Conductivity, pH 

HAZARDOUS WASTE UST 
Mercury 
Conductivity, pH 

Iron, Chloride, Sulfllc 

Nilnlo-Nitrit<l 
Conductivity, pH 

HAZARDOUS WASTE UST 
Conductivity, pH 

BTX,PNA 
Conductivity, pH 

HAZARDOUS WASTE UST 
Conductivity, pH 

BTX,PNA 

PNA, Nitrato, Phenol 
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TABU D-IOOIIIDiucd 

or A C...corieo 

m. c...8ory 3 
A. Pioclino 

1. Haz.ardous waste 

2. Non-hazardous waste 
3. Noa-wute 

B. Materials tran.rport/transfcr 
I. Hazardous waste 

IV.Category4 
A. frrication practica 

B. Pmi£i'kiHFJbidde appliqtioga 

C. Fertilizer Applications 
p. Animal (ccdin• operations 

E. De-icing salts applications 

F. Urban runoff 

0. Percolltioa ohit pollutAnll 
H. Mininc and mine drainaao 

I. Surraco mineorct.tod 

2. Underground mine-related 

v. Category s 
A. Productioa weDs 

I. Oil/gu...U. 
2. Oeothcrmallbat recovery weDs 
3. WOU< supply weDs 

B. Other wells Cnon·wutel 

I. MooitoriDg weDs 
2. Exptoratioa wells 
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HAZARDOUS WASTE LIST 
Mercury 

BTX, PNA 

HAZARDOUS WASTE LIST 

Methomyl 
Picloram 
Simazinc 
AlrWne 
Heuzinone 
Dicamt>. 

Nitrate-Nitrite 
TC,FC, 

Triclopyr ( Garlon) 

2.4-D 
Glypbolatc 

Chloride, sutrate 
Nitrate-Nitrite, NH3 
Coaductivity, pH 

Chloride, Calcium, Ammonium Sulfate 
Cooduct.ivity, pH 

TC,FC 
Coppcr,I..eod, Zinc 
Mercury, Chromium 
Coaduct.ivity, pH 

Coaduct.ivity, pH 

BTX, PNA, Sulfide 

TC,FC 
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C. Construction excavation 

D. Otller: Abandoned wells 

VI.C.U:gory6 
A. OW • SW interactions 

B. Naturelleschin• 
C. Salt.water intrusion 
D. OOer 

I. Fe, Mo 
2. C02, Na 
3. Hardneaa 

4. H2S 

TABUi Il-l ooaliaaed 
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TC,FC 
Copper, Lead, Ziac 
MctCury. Chromium 
Cooductivity, pH 

Chloride, Conductivity 

Chloride, Conductivity 

Fo,Mn 
C02, Na 
Hardneu 

H2S 
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TABLE II-2 

CURRENT (1986) NATIONAL PRIMARY DRINKING WATER REGULATIONS 
U.S. ENVIRONMENTAL PROTECTION AGENCY 

Cqnuiruent M;uimum Cont:tmjnant t.;veJ 

.~rscnie 
8::1rium 
C>dmium 
Chromium 
Fluoride 
Lc>d 
Mercury 
Nitr>te as N 
Selenium 
Silver 
Sodium 

R>diumt25 and 221 
Gross alpha activity 

(Including radium225 but excluding 
r>don and uranium) 

Bet> and photon radioactivity 
(Detailed studies must be made if the 
gross beta activity exceeds SO pCi/L) 

Endrin 
Lind>ne 
l:\·lethoxychlor 
Tox>phene 
2.4·0 
~.4,5· TP (Silvcx) 
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0.05 mg/L 
I mg/L 
0.010 mg/L 
0.05 mg/L 
Varies with temperature 
0.05 mg/L 
0.002 mg/L 
10 mg/L 
0.01 mg/L 
0.05 mg/L 
Analyze I sample per year per plant at entry 
to distribution system for surface waters and 
onc:c every 3 years for JfOUDdWatcr systemS 
5 pCi/L 
IS pCi/L 

4 mrem/yr 

0.0002 mg/L 
0.004 mg/L 
0.1 mg/L 
0.005 mg/L 
0.1 mg/L 
0.0 I mg/L 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE 11-3 

PROPOSED DR!;..iK!NG WATER REGUL\TlONS 

PROPOSID RMCL• (MCI.Co) fOR I:<ORCAI<IC COMPOUNDS 

Cgnujtuent 

AtSCiliC 
Buiv.m 
C)dCDi~o~m 
Chromi"'m 
Co;~ per 
lc~d 
Mercury 
NiCntc·N 
tlia:al: U J.J,f'.«/~-1-1 
Sclca.ium 

O.OlO 
l..l 
O.OOl 
O.ll 
l.l 
0.020 
0.003 
10.0 
1.0 
o.o•s 

PROMIJLCATtD R~ICLI (MCLCo) AND PROPOSID MCI.o FOR ORCANIC SOLVINTS 

ConstjtyeQt 

Trichlorcthylcac 
C~rbon Tctruhlortdc 
Vinyl Chloride 
l.l·Oichlorocthaoc 
Benzene 
1.1-Dichlorocthylcae 
J.l.l• Trichlorcthaoc 
1.•· Oi.c hlorobcn uoc 

fjnal BMCL rMCQl 

Zero 
Zero 
Zero 
Zero 
Zero 
0.007 ma/1. 
O.lO ma/1. 
0.75 maiL 

ProMgd MCL 

o.oos =aiL 
o.oos =alt. 
0.001 =aiL 
o.oos milL 
O.OOS maiL 
0.001 =aiL 
O.lO =aiL 
o.H =aiL 

PROPOSID R~ICL1 (MCI.Co) FOR ORGANIC COMPOUNDS 

CgnHjtysnt 

Acrylamidc 
AJachlor 
Aldic:a.rb. aldicarb sulfoxide. aldicarb sultoae 
Cubotu.rao · 
Chlordaac 
c i s•l.l· 0 ichlo roctt. ylcae 
Dibromochloropropaae ('DBCP) 
l.l·Dichloropropaae 
o-Dichlorobcut.ea.e 
2.•·D 
Ethyleu Dibro=ido (EBD) 
Epicblorobydrla. 
Eth:rlbcazcac 
Hcpcuh.lor 
Hcpcu:hlor cpozldc 
Lind:ue 
Mcctt.oaychlor 
Monochlorobcazcac 
Pol;rchloriaatcd Biphca.&1J (PCIJ) 
Pea 1'-Cl\ lorophcool 
Styrca.c 
Toluca.c 
2.U·TP 
Touphcac 
en IU·1.l· Dichloroctbytca.c 
Xylene 

P tQMtcd R MCl (MCt.(jl m s 0. 
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Zero 
Zero 
0.009 
0.034 
Zero 
0.07 
Zero 
0.004 
0.62 
0.07 
Zero 
Zero 
Ua 
Zero 
Zcr~ 
0.0002 
u• 
0.04 
Z.ro 
O.l2 
0.1' 
2.0 
O.OS2 
Zero 
0.07 

o.•• 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLEII-4 

PESTICIDE/HERBICIDE USE IN KlTSAP COUNIT 

Grass 

Raspberries 

Strawberries 

Trees, Shrubs 

Christmas Trees 

• Includes annual. 

Pesticide Use 

Dicarnba, Picloram 

Methomyi,Simazine 

Simazine 

Dicarnba, Picloram, 
Triclopyr (Garlon) 
2, 4-D Glyphosate 

Atrazine•, Hexazinone•, Simazine 
Triclopyr (Garlon) 
2, 4-D Glyphosate 
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TABLE 11-5 

LAND USE CATEGORIES 

Percent Impervious 
Category Future Existing 

Urban 70 70 

Semi-Urban 50 3-15 

Semi-Rural 30 3-15 

Rural (1 acre) 15 3-15 

Rural (2.5 acre) 10 3-15 

Parks 0 0 

Industrial/Commercial 90 90 
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SUB· FAZ : X IN 

TABLE 11·6 

KITSAP COUNTY 
SUMMARY OF ASSUMPTIONS 

~ATER USE 
AREA (1): N0.(2):SUB·AREA: CATEGORY 

: AVERAGE : PEAK/AVG : 
: GPCD (3): FACTOR (4) : 

-------·--------------------············-------------------------------
SUBAREA 1 - Hansville-Indianola 

9011 67% Semi ·Urban/Rural 140 3.0 
9012 87% Rural 100 3.0 

SUBAREA 2 - Bainbridge 
9913 100% Semi-Urban/Rural 140 3.0 
9914 100% Rural 100 3.0 

SUBAREA 3 · Poulsbo-Bremerton 
9005 10% Rural 100 3.0 
9006 31% Rural 100 3.0 
9007 100X Semi -Urban/Rural 140 3.0 
9009 100% Rural 100 3.0 
9011 33% Semi ·Urban/Rural 140 3.0 
9012 13% Rural 100 3.0 
9900 100% Urban 175 2.3 
9901 78X Urban 175 2.3 
9902 100% Urban 175 2.3 
9904 100X Urban 175 2.3 
9908 100% Rural 100 3.0 
9909 100% Rural 100 3.0 
9915 100X Semi-Urban/Rural 140 3.0 
9916 100% Semt ·Urban/Rural 140 3.0 

SUBAREA 4 - West Ki tsap 

9005 76% Rural 100 3.0 
9006 69% Rural 100 3.0 

SUBAREA SA · South Kitsap West 
9002 10% Semi ·Urban/Rural 140 3.0 
9004 89% Rural 100 3.0 
9005 14X Rural 100 3.0 
9901 22X Rural 100 3.0 

SUBAREA 58 • South Kttsap East 
9002 90% Semi ·Urban/Rural 140 3.0 
9003 100% Rural 100 3.0 
9004 11% Rural 100 3.0 

.. -- ..... --- ...... -- ........ -----.-- ....... ------ ..... -------- ......... 

See footnotes on next page. 
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Footnotes (Table II-6): 

(1) These subareas correpsond with planning areas used to describe 
aquifer recharge areas and groundwater quality. See Exhibit Il-l. 

(2) Forecast and Analysis Zone (FAZ) as shown in Exhibit II-4. 

(3) Assumes 175, 140 and 100 gallons pwer capita per day (gpcd) 
for existing conditions for urban, semi-urban/rural and 
rural areas, respectively. These numbers are consistent 
with figures used for Kitsap County CWSP. 

(4) Assumes peak to average day factors of 2.3, 3.0 and 3.0 for 
urban, semi-urban/rural, and rural areas, respectively. 
These figures are consistent with figures used for Kitsap 
County CWSP. 
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KITSAP CCIJIITY 

POP\JU.TICII PROJECTION 

.................................. -............................................................................. 
SUI· : fA2 : I IN TEAl 
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AIEA : NOS. :SIJ8·AIEA: 1970 : 19e0 :1m <1>: 1990 :1995 (1): 2000 :2010 (1): 2020 :2030 (2):2040 (2): ................................................................................................................. 
SIJ1IAIEA1 Hansville· Indianola 

9011 67'1 1,693 2,801 3,216 3,631 4,145 4,660 6,052 7,445 8,837 10,230 9012 87'1 5,540 11,260 13,576 15,892 17,989 20,087 24,985 29,882 34,780 39,6n 
•••••• ······ ...... ···-· -···· •••••• • ••••• ••••a:• ··-·· ~~ TOTAL Subat'ee 1 7,234 14,061 16,792 19,523 22,135 24,747 31,037 37,327 43,617 49,907 

SUBAIEA 2 · Ba i nbt' f dge 
9913 100X 2,158 3,055 3,287 3,519 3,827 4,135 4,646 5,157 5,668 6,17'9 9914 100X 6,336 9,259 10,239 11,218 12,158 13,098 13,821 14,544 15,2:67 15,990 ....... •••••• • ••••• • ••••• • ••••• ··-·· •:.•••• ..... ,.. aaaaaa •••••• TOTAL Subarea 2 8,494 12,314 13,526 14,737 15,985 17,233 18,467 19,701 20,935 22,169 SUBAREA 3 · Poulabo·Breaerton 
9005 lOX 114 210 275 341 l8l 426 517 608 699 791 
90(16 311 561 1,062 1,431 1,799 1,985 2,171 2,667 3,162 3,658 4,154 
9001 I COX 4,171 5,zn 7,076 8,874 , 1,670 14,466 19,749 25,032 30,315 35,598 
9009 100X 2,247 2,926 3,350 3,n4 4,478 5,182 6,648 a, 114 9,580 11,046 
9011 331 849 1,404 1,612 1,820 2,078 2,335 3,033 3,131 4,429 5,127 
9012 131 855 1,737 2,094 2,451 2,775 3,099 3,854 4,610 5,365 6,121 
9900 1001 4,152 5,026 5,465 5,904 6,240 6,575 6,959 7,343 r,n1 8,111 
9901 781 3,297 4,546 4,138 4,931 5,520 6,109 6,867 7,625 8,383 9,141 
9902 100" 26,151 23,123 23,837 23,950 24,589 25,227 26,167 27,106 28,046 28,985 
9904 1001 10,530 , ,076 11,337 11,598 11,909 12,219 12,840 13,461 14,082 14,703 
9908 1001 398 2,966 2,920 2,873 2,936 2,998 3,082 3,166 3,250 3,334 
9909 1001 2,127 2,475 2,706 2,937 3,221 3,504 3,929 4,354 4,T79 5,204 
9915 1001 2,796 6,929 8,780 10,631 11,876 13,121 15,398 17,674 19,951 22,227 
9916 1001 2,750 8,345 9,142 9,939 10,991 12,043 14,078 16,112 18,147 20,181 

•••••• •••••• •••••• • ••••• • ••••• • ••••• ··-·· ...... ...... ·=···· TOTAL Subarea 3 60,997 n,702 84,762 91,822 100,649 109,475 125,787 142,098 158,410 114,n2 
SUBAREA 4 · West Kftsap 

I 
I 

9005 761 873 , ,613 2,113 2,612 2,939 3,265 3,965 4,665 5,364 6,064 
9006 69X 1,276 2,416 3,256 4,096 4,519 4,942 6,070 7,198 8,325 9,453 •••••• •••••• •••••• ··-·· • ••••• • ••••• • ••••• •••••• ·=···· . ...... 

TOTAL Subarea 4 2,149 4,030 5,369 6,708 7,457 8,207 10,035 11,862 13,690 15,517 
SU8AIEA 5A • South Kltsap West 

9002 10X 1,067 1,138 1,992 2,246 2,448 2,650 3,064 3,478 3,893 4,307 
9004 891 3,904 7,225 8,688 10,150 11,361 12,571 14,640 16,708 18,776 20,844 
9005 141 164 302 396 489 551 612 743 874 1,005 1,136 
9901 22X 905 1,248 1,301 1,354 1,516 1,678 1,1186 2,094 2,302 2,510 

·=···· ···-· •••••• •••••• • ••••• • ••••• ··-·· •••••• •••a•• . ....... 

I 
TOTAL Subarea SA 6,040 10,514 12,377 14,240 15,876 17,511 20,333 23,154 25,976 28,798 

SU8AIEA 58 • South Kftsap East 
9002 901 9,139 15,866 18,185 20,505 22,349 24,194 27,975 31,756 35,536 39,317 
9003 100X 6,594 11,767 14,069 16,370 18,073 19,776 23,180 26,583 29,987 33,390 
9004 111 486 899 1,081 1,263 1,413 1,564 1,821 2,078 2,335 2,593 

••••• :;1 •••••• •••••• •••••• . ..... • ••••• • ••••• ···=·· ···=·· ....... 
I 

TOTAL Subarea 58 16,819 28,532 33,335 38,137 41,835 45,534 52,975 60,417 67,858 75,300 ··································-···-··-·······························································-·-··· TOTAL Kftsap County 101,732 147,152 166,160 185,167 203,937 222,707 258,634 294,560 330,487 366,413 

(1) Linearly extrapolated. 

I (2) Straight line projection. 

Source: Puget SOU"''d COli"'Cfl of Goverrw.ntl (PSCOG) JW'Ie 1988 Population and EllJ)loymeni Forecasts 

I 
I 
I 
I 
I 
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I 
I TABLE 11·8 

KITSAP CWNTY 
SUMMARY OF MUNCIPAL AND DOMESTIC VATER DEMAND PROJECTIONS (1) 

I AVERAGE DAY DEMAND (HGO) 
.......... ------ .. ··-- -· ... -- .............. -··-· ............... ·--- .. ---- .............. --- .... -.......... -·-· 

YEAR STRAIGHT·LINE 
SCENARIO I SUBAREA 1985 1990 1995 2000 2010 2020 2010 2040 

I 
.......................................... -· ............................................. ····~ ............... 
SCENARIO 1 • EXISTING CONDITION (2) 

Subarea 1 • Hansvtlle·lndhnole 1.81 2.10 2.38 2.66 3.35 4.03 4.72 5.40 
Subarea 2 • Bainbridge Island 1.48 1 .61 1. 75 1.89 2.03 2.18 2.12 2.46 
Subareo 3 - Poulsbo-Bremerton 12.94 13.91 15.15 16.39 18.63 20.88 23.12 25.37 t 
Subarea 4 · Uest Kltaap 0.54 0.67 0.75 0.82 1.00 1.19 1.37 1.55 

I 
Subarea Sa - South JCI tsap Vest 1.12 1 .51 1.69 1.86 2.16 2.45 2.75 3.05 
Subarea 5b • South Kl tsap East 4.06 4.63 5.08 5.52 6.42 7.11 8.21 9.10 ........ ........ . ...... . ..... •••••• I 
TOTAL Existing Condition 22.15 24.44 26.79 29.11 ll.59 18.04 42.49 46.94 I 

SCENARIO 2 • ~ITH HULTI·FAHILY INCREASE (3) 

I 
Subarea 1 • Hansvflle·lndfanola 1.81 2.10 2.16 2.62 3.29 3.96 4.63 5.30 
Subarea 2 • Bainbridge hlend 1.48 1 .61 1. 73 1.85 1.99 2.11 2.26 2.40 
Subarea 3 · Poulsbo·Bremerton 12.94 13.91 14.84 15.71 17.84 19.97. 22.10 24.23 I 
Subarea 4 · West Kltsap 0.54 0.67 0.75 0.82 1.00 1.19 1.37 1.55 
Subarea Sa· South Kltsap Vest 1.32 1.51 1.67 1.81 2.13 2.42 2.72 3.01 
Subarea Sb · South Kltsap East 4.06 4.63 4.97 5.28 6.14 7.00 7.86 8.72 

I 
a:aa .. e:a a:a:ra=a """':aaa 

TOTAL Multl·famlly Increase 22.15 24.44 26.12 28. 11 l2.l9 36.66 40.94 45.22 
SCENARIO 3 • WITH VATER CONSERVATION (4) 

Subarea 1 • Hansvtlla~lndlanola 1 .81 2.10 2.26 2.19 3.01 3.63 4.24 4.86 
Subarea 2 • Bainbridge Island 1.48 1.61 1.66 1. 70 1.81 1.96 2.09 2.22 

I 
Subarea 3 • Poulsbo·Bremerton 12.94 13.91 14.39 14.75 16.77 18.79 20.81 22.83 
Subarea 4 • Uest Kltsap 0.54 0.67 0.71 0.74 0.90 1.07 1.23 1.40 
Subarea Sa · South Kftaap West 1.32 1.51 1.60 1.67 1.94 2.21 2.48 2.75 
Subarea Sb · South JCftsap East 4.06 4.63 4.82 4.97 5.77 6.58 7.39 8.19 I ........ 811811.1111 801aaallll a::n:a:o a••=== 8 •••• 8 ....... 
TOTAL Uater Conservation 22.15 24.44 25.45 26.22 l0.2l l4.2l 18.24 42.24 I 

I SCENARIO 4 · HULTJ~FAMILY INCREASE ANO CONSERVATION (5) 
Subarea 1 · Hansvllle·Jndlanola 1.81 2.10 2.24 2.35 2.95 3.55 4.16 4.76 
Subarea 2 • Bainbridge Island 1.48 1.61 1.65 1.66 1.78 1.91 2.03 2.16 
Subarea 3 • Poulsbo·Bremerton 12.94 13.91 14.09 14.07 15.98 17.88 19.79 21.70 I 
Subarea 4 • Uest JCitsap 0.54 0.67 0.71 0.74 0.90 1.07 1.23 1.40 

I 
Subarea Sa • South ICitsap West 1.12 1. 51 1.59 1.65 1.91 2.18 2.44 2.70 I 
Subarea 5b · South ICI taap East 4.06 4.63 4.71 4.73 5.50 6.27 7.04 7.81 ...... ...... ••••a• . ..... •••••• I 
TOTAL Multi·Famlly & Conservation 22.15 24.44 24.98 25.20 29.03 12.86 36.69 40,52 I 

········································~···········-················-··········-···························· 
PEAK DAY DEMAND (MGD) 

I ·························································~·········-········································· 
SCENARIO 1 EXISTING CONDITION (2) 

Subarea 1 • Hansvllle·lndlanola 5.42 6.29 7.14 7.98 10.04. 12.09 14.15 16.20 
Subarea 2 · Bainbridge Island 4.45 4.84 5.25 5.67 6.10 6.53 6.96 7.39 I 
Subarea 3 • Poulsbo-Bremerton 33.27 36.05 39.53 43.02 49.42 55.83 62.23 68.64 

I 
Subarea 4 • West Kltsap 1.61 2.01 2.24 2.46 3.01 3.56 4.11 4.66 
Subarea 5e • South Kltsap \lest 1.95 4.54 5.06 5.57 6.47 7.36 8.26 9.16 I 
Subarea 5b · South Kttsap East 12.18 13.90 15.23 16.56 19.25 21.94 24.62 27.31 

••a••• ...... ,.,..,.,,.a ........ . ....... . ...... 
TOTAL Extstlng Condition 60.89 67.64 74.,5 81.26 9,.28 107.31 120.33 13l.l5 

SCENARIO 2-~ WITH HULTI·FAMILY INCREASE (3) 

I Subarea 1 ~ Hanavft\e·lndhnola 5.42 6.29 7.08 7.85 9.86 11.87 13.89 15.90 I 
Subarea 2 · Bainbridge Island 4.45 4.84 5.20 5.54 5.96 6.38 6.79 7.21 I 
Subarea 3 • Poulsbo·Gremerton ll.27 36.05 38.71 41.18 47.25 53.32 59.39 65.46 I 
Subarea 4 • Uest Kltsap 1.61 2.01 2.24 2.46 1.01 3.56 4.11 4.66 
Subarea Sa • South Kltcap uect 3.95 4.54 5.02 5.49 6.38 7.26 8.15 9.03 

I 
Subarea Sb • South Kftcap East 12.18 13.90 14.90 15.85 18.43 21.00 23.58 26.15 ......... =····· ....... ••••,.a ...... 
TOTAL Multi·Famlly Increase 60.89 67.64 73.14 78.38 90.88 103.39 115.90 128.41 

SCENARIO 3 WITH WATER CONSERVATION (4) 
Subarea 1 • Hansvllle·lndfanola 5.42 6.29 6.78 7.18 9.03 10.88 12.73 14.58 I 
Subarea 2 Bainbridge Island 4.45 4.84 4.99 5.10 5.49 5.88 6.26 6.65 I 

I Subarea l · Pouhbo·Bremarton 33.27 36.05 37.56 38.72 44.48 50.24 56.01 61.77 
Subarea 4 ·West kltsap 1.61 2.01 2.13 2.22 2.71 3.20 3.70 4.19 J 
Subarea Sa · South kltsap West 3.95 4.54 4.80 5.01 5.82 6.63 7.43 8.24 
Subarea Sb • South kltsap East 12.18 11.90 14.47 14.91 17.32 19.74 22.16 24.58 J ...... . ........ .. •• ,.11:. aaa:•a• IIQ:I::aa ....... 

I 
TOTAL Water Conservation 60.89 67.64 70.73 73.14 84.86 96.58 108.30 120.02 

SCENARIO 4 • MULTI·FAMILY INCREASE ANO CONSERVATION (5) 
Subarea 1 • Hansvllle·lndlanola 5.42 6.29 6.72 7.05 8.86 10.66 12.47 14.28 
Subarea 2 • Bainbridge Island 4.45 4.84 4.94 4.98 5.35 5.72 6.10 6.47 J 
Subarea 3 • Poulabo·Bremertan 33.27 36.05 36.73 36.88 42.31 47.74 53.17 58.59 
Subarea 4 ·Vest JCitsap 1.61 2.01 2.13 2;22 2.71 3.20 3.70 4.19 

I SUbarea Sa · South Kltsap West 3.95 4.54 4.77 4.94 5.73 6.53 7.32 8.11 
Subarea 5b · South Kltsap East 12.18 13.90 14.14 14.20 16.50 18.81 21. 11 23.42 111181Da• ··8··· ...... •••••• ...... ...... . ...... ...... I 
TOTAL Multi·Famlly & Conservation 60.89 67.64 69.42 70.25 81.45 92.66 103.87 115.07 I 

•••••••••••••••••••••••••••••••••••:a••••••••••••••••••••aa8888111111•••••a••••••=•a••••••••••••••••••••~•s•••••• 

I See next page for footnotes. 
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FOOTNOTES (Tible ll·ll: 

(1) Includn only ..-.fc:fpel It'd cblntfc .. ur un. Alao Includes Ctty of lr~rton surhce w.ter deMnd. 
Ctty of ar-rton•a surface rd ;rO&IId weter .verage day requir..,u have been nt:IMttd to be: 

Avero;. DIY 1985 • 1990 .. 1995 •• 2000 .. 2010 .. 2020 .. 2030 ... 2040 ... 
• • • • 0 •••••••••••••• 0 0. 0 0 •• 0 .... 0 0 •• 0 0. 0 ••••••••• - ••• 0 ••• 0 •••••• 0 0 ................... 0 •••••• -

GrOU'Idwater 3.0 3.1 3.3 3.6 4.1 4.6 5. 1 
Surface Water 5.5 5.7 6.2 6.7 7.6 1.5 9.5 

••••• ••••• ···- • •••• .. ... . .... .. ... 
Toul 1.5 1.7 9.5 10.3 11.7 13.1 14.5 

• No accurate recorda available for 1985. Baaed on actu.l water recorda for 1986 through 1988. 
** Based on projected growth In water demand for Subarea 3. 
••• Stral;ht·llne projection fr .. 2020 to 2040. 

5.6 
10.4 .. ... 
16.0 

Maxhrun current surface water I'4JPLY capech:y for Bremerton ta 15 MQ) and with propoeed haprovementa 
will be 20 MGD. This capacity offset peak day demands. See Table 11·9 for other water uses. 

<2l Assunes the following avoro;e and peek ;allons per capltl per day (Qpcd) - for axlatlng conditions 
for each area: 

Average Peak 
Water Use Category GPCD GPCD 

Rural 
S.,.I·UrbantRural . 
Urban 

100 
140 
175 

300 
420 

402.5 

Assumes Increase in multi·femlly units fn both the urban, semf•urban and aeml·rural areas resulting In 
gradual reduction tn per capita water consumption of 1.5X In the urban area and 3.5X In the semi·urban/ 
rural areas for the year 1995, up to 3X and 7X, respectively, for the year 2000 and thereafter. 

(4) Assumes conservation savings In gallono per capite per day (gpcd) of 5X In 1995 up to 10X In 2000 and 
thereafter for all urban, semi·urban/rural, and rural areas. 

(5) Combination of (3) and (4). 
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ruu tJ·9 

(tTW CQJIIITT 
WAiER OEMAIG PIO.IEC'TtONS - EXISTING Ct'IIHTICII 

AVE.u.r.& OAT OWING tll.lllCATICII SEASDII 

SUB· 
AREA : 

WATU. US! 
c.t.TEGCa1' 

f!AI : STRAtGHT·L!NE : , . ., 1990 : 1995 ; 2000 : 2010 : 2020 : ZOJO : Z~ : 
..... ·····················································-···················------·················· ..... . 
SUBAII:EA 1 • Mansvi lle• lndf .nola 

Municio.L (1} 
Oome,tic/Sil"''gle F•ily CZl 
Commerieal/lndUatrial Cll 
Irrigation (4} 
Fisl'l ~r-ooagation (5) 
Stoc:k Waterino C6> 

SUBTOTAL S~raa 

1.45 
0.36 
0.02 
0.24 
0.71 
0.01 

2.!>l 

t .... 
0.42 
0.02 
0.24 
o. 71 
0.01 

1.90 
0.48 
0.02 
0.24 
0.71 
0.01 

3.37 

2.13 2.6& 3.22 3.77 
0.53 0.67 13.!1 0.94 
0.02 0.02 0.02 0.02 
0.24 0.24 0.24 0.24 
0.11 o.11 o.n o.7t 
0.01 0.01 0.01 0.01 

3.65 4.34 5.02 5.70 

4.3Z 
1.08 
0.02 
J.24 
0.71 
0.01 

SUBAREA 2 • Baincridga 
3.09 

1.29 
O.JZ 
0.16 
0.09 

6.39 

1.91 
o_r.q 
0.16 
a.a• 

Municipal (1) 
oornestic/Singla I'•Hy (2) 
Commerical/Induatrial <3> 
Irrigation (4) 
Fish Propagation (5) 
Stock '.lataring (6) 

SUBTOTAL Subarea 2 

1.19 
0.30 
0.16 
0.09 

0 
o.oo 

0 
0.00 

1.40 1.51 1.63 1.74 1.86 
0.35 0.38 0.41 0.44 0.46 
0.16 0.16 0.16 0.16 0.16 
0.09 0.09 0.09 0.09 0.09 

13 0 0 0 0 
0.00 0.00 o.oo 0.00 0.00 

2.00 2.14 2.29 2.43 2.57 

a 
o.oo 

SUBAREA 3 · Poulsbo·Sremerton 
Municipal (1,7) 

1.74 

10.36 
2.59 
0.05 
0.41 

t.a7 

ll.l3 
2.78 
0.05 
0.41 

12.12 13.11 14.91 16.70 18.50 

2.n 

2a.29 
5.07 
0.05 
0.41 

oomestie/Singla Family <2> 
Conmerical/lndustrial (3) 
Irrigation (4) 
Fish Propagation CS> 
Stoc:k Watet"ing (6) 

SUBTOTAL Subarea 3 

a 
0.01 

0 
0.01 

3.03 3.28 3.73 4.18 4.62 
O.M O.M O.M O.M O.M 
0.41 13.41 0.41 0.41 0.41 

0 0 0 0 0 
0.01 0.01 0.01 0.01 0.01 

15.62 16.5'5 19.10 21.34 23.59 

0 
0.01 

SUBAREA 4 • Wast Kitsap 
13.41 

0.43 
0.11 

14.31 

O.S4 
0.13 

25.84 

1.24 
0.31 

Hu'licipal (11 
Oomestic:/Singla P•ily (2) 
Commeric:al/lncluatl"fal <3> 
Irrigation (4) 
Fish Pr~;atlon (5) 
Stock. Watering (6) 

SUBTOTA~ S~~ .. 4 

0 
0.03 
2.51 

0 

0 
0.03 
2.51 

0 

0.60 0.66 O.!>l 0.9'5 1.10 
0.15 0.16 o.zo 0.24 0.27 

0 0 0 0 0 
0.03 0.<13 0.<13 0.03 0.03 
2.51 2.51 2.51 2.51 2.51 

0 0 0 0 0 

3.28 3.36 3.54 3.73 3.91 

0 
0.03 
2.S1 

0 

SUBAREA SA • South IC.itsap 'JHt 
Municipal (1) 
DOII'IIHtie/Singl• F•fly (2) 

3.08 

1.05 
0.26 
0.03 
0.31 
1.93 
0.01 

3.21 

1.21 
0.30 
0.<13 
0.31 
1.93 
0,01 

1.35 1.49 1.n 1.96 2.20 
0.34 0.37 0.43 0.49 0.55 

4.09 

2.44 
0.61 
0.03 
0.31 
1.93 
0.01 

corm.~ic•l/tndust~l•l C3> 0.03 0.03 0.03 0.03 0.03 
t~~ig•tfon C4> 0.31 0.31 0.31 0.31 0.31 
Fish Propeg•tion CS> 1.93 1.93 1.93 1.93 1.93 
Stock 'olatel"i/'19 (6) 0.01 0.01 0.01 0.01 0.01 

SUBTOTAL Sub8n• 5A 3.59 3.7'9 3.96 4.13 4.43 4.73 5.03 
SUBAREA 58 • South (ltaap e .. t 

Mt.nlcipal (1) 3.25 3.71 4.06 4.~ 5.13 5.!5 6.57 
Oomestic/Sinvl• fl' .. ily <2) 0.81 0.93 1.02 1.10 1.21 1.46 1.64 
Commerieal/Industrial (3) 0.02 0.02 0.02 0.02 O.OZ O.OZ 0.02 
[r~igation (4) 0.11 0.11 0.11 0.11 0.11 0.11 0.11 
Fish Pr~g•tion (5) 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
Stock 'Jate~fng (6) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

5.32 

7.25 
1.82 
0.02 
0.11 
0.04 
0.01 

9.25 WBTOTA~ S~·:';"~5;1._.__._. .. ~4.~2~4----4~·;S1~_.;5.~n;_ __ ~··70~sa~6~·~5~9--~7~·~·9~sa~S;.l!~ ................... -----~ .......... 
IC IT SAP CClJN TY 

l'k.nicip.~l (1) 
oam.stlc/Single , .. lty <Z> 
Commeric•l/lndustrfal <3> 
trri;•t;on (4) 
Fish Prop~~g:•tion ($) 

Stock \Mcel"fne (6) 

TOTAL ICITSAP CCIUIIn 

17.n 
4.43 
0.27 
1.18 
5.20 
0.04 

ze.e 

19.55 
4.19 
0.27 
1.18 
5.20 
0.04 

31.\4 

Z1.4J 
5.36 
0.27 
1.18 
5.20 
0.04 

33.49 

Z3.31 
5.53 
0.27 
1.18 
5.20 
0.04 

35.53 

26.57 
6.n 
O.Z7 
1.18 
5.20 
0.04 

40.25 

30.43 
7.61 
0.27 
I. IS 
5.20 
0.04 

44.73 

33.99 
S.lO 
0.27 
1.18 
5.20 
0.04 

49.18 

37.55 : 
9.39 : 
0.27 
1.18 
5.20 
0.04 

53.64 ········---------------··-·· ------aaaa.a-............ ·-·-······ 
"' 
(2) 
<lJ 
(4) 

(5) 
(6) 

(7) 

tneludet all wetar Sf.4'Plilld by pt.Oli~: W~~tar avst- baed on esti•te of I"UUIIber of persor. Ht"'f'ed bV 
Ctus 1 • 4 weter syst-. Approxi•tely SO percent of pop.~l•tion Is praently serv.d by public supply. 
Assunes remaining popul•tion <•pproxi•tely ZO perclnt of the C«.1tY) fa served by indfvi<*Jal wells. 
Based on existing .,..., w.tar rigftt records fr011 Deper-unent of Ecology. 
Total for 1985 th~augh 2040 based on 1982 lurftu of tl'le Census egriculture st:•tfstfcs. Pl"(lf»rtlonecl 
to subll~eaa baaed on wate~ ~ight records f~c:. Deper~t of Ecology. .....,.~ of ac~es •asun.d to t» 
~~~!gated at o.s ac:re·fHt per acre pt~ ye•r. Also, waur uu blsed on • 5 .anth f~rig•tfon period. 
a. .. d on existing ....-...1 water right recol'dl fr011 Depe~tMnt of ecology, 
Estil'llllted fr011 nt.I!Dt~ of .,l11111lJ In COlllty baed on agrleultur•l sutftics end typic•l dally wete~ use. 
P~opo~tioned b.twnn sub.~eas tM•ed on •xhttng .,..., wn•~ rlgtlt records f~011 O•rtment of Ecolggy. 
Includes portion of denwd ati1111Ud to b. •t by IUI"f.-:• water frc. the City of lr..,.ton. 
See Footnote (1) for Table JI·S. 
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I 
TABLE 11·10 

I 
K IT SAP COUNTY 

SUMMARY OF UATER USE PROJECTIONS ( 1) 

AVERAGE DAY DEMAND (HGD) 
················-···················-···········-···················--······························-········ 

I 
YEAR STRAIGHT-LINE 

SCENARIO I SUBAREA 1985 1990 1995 2000 : 2010 : 2020 2030 : 2040 
-·······-·-·································································································· 
SCENARIO 1 EXISTING CONDITION (2) 

Subarea 1 Hansville-Indianola 2.80 3.09 3.37 3.65 4.34 5.02 5.70 6.39 
Subarea 2 • Bainbridge Island 1.74 1.87 2.00 2.14 2.29 2.43 2.57 2.72 

I Subarea 3 • Poulsbo· Bremerton 13.41 14.38 15.62 16.85 19.10 21.34 23.59 25.84 
Subarea 4 West ICftsap 3.08 3.21 3.28 3.36 3.54 3.73 3.91 4.09 
Subarea Sa • South Kftsap West 3.59 3.79 3.96 4.13 4.43 4.73 5.03 5.32 
Subarea Sb • South Kitsap East 4.24 4.81 5.25 5.70 6.59 7.49 8.38 9.28 I ...... ........... .. ....... ......... 

I 
TOTAL Existing Condition 28.85 31.14 33.49 35.83 40.28 44.73 49.18 53.64 

SCENARIO 2 • YITH HULTI·FAHILY INCREASE (3) 
Subarea 1 Hansville· Indianola 2.80 3.09 3.35 3.60 4.28 4.95 5.62 6.29 
Subarea 2 • Bainbridge Island 1.74 1.87 1.99 2.10 2.24 2.38 2.52 2.66 
Subarea 3 • Poulsbo-Bremerton 13.41 14.38 15.31 16.18 18.31 20.44 22.57 24.70 
Subarea 4 • West Kltsap 3.08 3.21 3.28 3.36 3.54 3.73 3.91 4.09 

'I Subarea Sa • South Kitsap West 3.59 3.79 3.95 4.10 4.40 4.69 4.99 5.28 
St.barea 5b • South Kitsap East 4.24 4.81 5.14 5.46 6.32 7.18 8.03 8.89 

====== ==== .... ............. ............ 
TOTAL Multi-Family Increase 28.85 31.14 33.02 34.81 39.08 43.36 47.64 51.91 

SCENARIO 3 • WITH WATER CONSERVATION (4) 

I 
Subarea 1 Hansville-Indianola 2.80 3.09 3.25 3.38 4.00 4.62 5.23 5.85 
Subarea 2 Bainbridge Island 1. 74 1.87 1.92 1.95 2.08 2.21 2.34 2.47 
Subarea 3 Poulsbo-Bremerton 13.41 14.38 14.86 15.22 17.24 19.26 21.28 23.30 
Subarea 4 • West Kftsap 3.08 3.21 3.25 3.28 3.44 3.61 3.77 3.94 
Subarea Sa South Kftsap West 3.59 3.79 3.87 3.94 4.21 4.48 4.75 5.02 
Subarea Sb • South Kltsap East 4.24 4.81 5.00 5.14 5.95 6.76 7.56 8.37 

I ........ == ==:a=== ... , ...... 
TOTAL Water Conservation 28.85 31.14 32.15 32.92 36.92 40.93 44.94 48.94 

SCENARIO 4 · MUll I· FAMILY INCREASE AND CONSERVATION (5) 
Subarea 1 Hansville· Indianola 2.80 3.09 3.23 3.34 3.94 4.54 5.15 5.75 
Subarea 2 Bainbridge Island 1. 74 1.87 1.90 1.91 2.04 2.16 2.29 2.41 

I 
Subarea 3 Poulsbo-Bremerton 13.41 14.38 14.55 14.54 16.45 18.35 20.26 22.16 
Subarea 4 • West Kf tsap 3.08 3.21 3.25 3.28 3.44 3.61 3.77 3.94 . Subarea Sa South Kitsap West 3.59 3.79 3.86 3.92 4.18 4.45 4.71 4.98 
Subarea Sb · South Kltsap East 4.24 4.81 4.89 4.91 5.68 6.44 7.21 7.98 === .. == ............ ............ 

I 
TOTAL Hultf·Famlly & Conservation 28.85 31.14 31.68 31.89 35.73 39.56 43.39 47.22 

············································································································· 
PEAK DAY DEMAND (MGD) 

············································································································· 
SCENARIO 1 EXISTING CONDITION (2) 

Subarea 1 Hansville· Indianola 6.41 7.28 8.13 8.97 11.03 13.08 15.14 17.19 

I Subarea 2 Bainbridge Island 4.70 5.10 5.51 5.92 6.35 6.78 7.21 7.64 
Subarea 3 Poulsbo-Bremerton 33.74 36.52 40.00 43.48 49.89 56.30 62.70 69.11 
Subarea 4 · West Kftaap 4.15 4.55 4.78 5.00 5.55 6.10 6.65 7.19 
Subarea Sa South Kftsap West 6.22 6.81 7.33 7.84 8.74 9.64 10.53 11.43 
Subarea 5b · South Kitsap East 12.36 14.08 15.41 16.74 19.42 22.11 24.80 27.48 

I 
, . .,, ......... ====== ===:z=:z ====== ===== .. ...... = .. = 

TOTAL Exfatfng Condition 67.59 74.34 81.15 87.96 100.98 114.00 127.03 140.05 
SCENARIO 2 • WITH MULTI·FAHILV INCREASE (3) 

Subarea 1 . Hansville· lndf enola 6.41 7.28 8.07 8.84 10.85 12.86 14.88 16.89 
Subarea 2 • Bainbridge leland 4.70 5.10 5.45 5.80 6.21 6.63 7.05 7.46 
Subarea 3 • Poulabo•Bremerton 33.74 36.52 39.17 41.65 47.72 53.79 59.86 65.91 

I Subarea 4 · West Kltsap 4.15 4.55 4.78 5.00 5.55 6.10 6.65 7.19 
Subarea Sa · South Kl tsap Vest 6.22 6.81 7.29 7.77 8.65 9.53 10.42 11.30 
Subarea Sb · South Kltsap East 12.36 14.08 15.08 16.03 18.60 21.18 23.75 26.33 .......... ·== .. •• ... ==·= ,. .......... ......... 
TOTAL Multi-Family Increase 67.59 74.34 79.84 85.07 97.58 110.09 122.60 135.10 ,;I SCENARIO 3 · WITH ~ATER CONSERVATION (4) 
Subarea 1 Hansville· Indianola 6.41 7.28 7.77 8.17 10.02 11.87 13.72 15.57 
Subarea 2 Bainbridge Island 4.70 5.10 5.24 5.35 5.74 6.13 6.52 6.91 
Subarea 3 · Poulsbo-Bremerton 33.74 36.52 38.03 39.18 44.95 50.71 56.48 62.24 
Subarea 4 · West Kftsap 4.15 4.55 4.66 4.75 5.25 5.74 6.24 6.73 

I 
Subarea Sa · South Kitup West 6.22 6.81 7.08 7.29 8.09 8.90 9.71 10.51 
Subarea Sb • South Kitsep East 12.36 14.08 14.65 15.08 17.50 19.92 22.34 24.75 ·===== ====== =====::~~ == .. == .. ............ 
TOTAL Water Conservation 67.59 74.34 77.43 79.8] 91.55 103.27 114.99 126.71 SCENARIO 4 • HUll I· FAHIL V INCREASE ANO CONSERVATION (5) 
Subarea 1 . Hansville· Indianola 6.41 7.28 7.71 8.04 9.85 11.65 13.46 15.27 

I Subarea 2 • Bainbridge Island 4.70 5.10 5.19 5.23 5.60 5.98 6.35 6.72 
Subarea 3 Poulsbo-Bremerton 33.74 36.52 37.20 37.34 42.77 48.20 53.63 59.06 
Subarea 4 ·.!Jest Kltsep 4.15 4.55 4.66 4.75 5.25 5.74 6.24 6.73 
Subarea Sa • South Kitsap Uest 6.22 6.81 7.04 7.21 8.00 8.80 9.59 10.39 
Subarea 5b • South Kitsap East 12.36 14.08 14.32 14.37 16.68 18.98 21.29 23.60 

I ====="' ====·"· ===== .. ====== = .......... .. 
TOTAL Hulti·Famfly & Conservation 67.59 74.34 76.12 76.95 88.15 99.36 110.56 121.77 

=======~~=,.===========.,.,====================•:a:zzz••~=============a=•ac:z::::::=========•====~~==========~~=••,.= 

See next page for footnotes. 
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fOOTNOTES CTablo 11·10): 

(1) AU acenartoc Include Gllict~l end clcanttc grcu-dw8ter uae, aa wll •• private cc:a.rtcal/t~triel, 
Irrigation, ffah propqatfon ltW:I atock w.tertng. Mu\lctp,~l lf"d '*-t.tfc uae ere only varfablH In 
grCM"dwater uae projection. Irrigation beaed on lure.u of the Cerw.,. egrfa.tltural IUtflt:lca. Other 
uses ntfMted frca W81tlr right records. CitY of Bre~~erton aurtace vat:er detawd te Included. 
City of Bremerton•• surface end grOU"'d water avenge day req..frementl nave been ntlluted to be: 

Average Dey 1985 • 1990 - 1995 - 2000 •• 2010 - 2020 - 2030 -· 2040 -· ............................................................................................ 
Gro..ndwater 
Surface Water 

Total 

3.0 
5.5 

••••• 
8.5 

3.1 
5.7 

••••• 
8.7 

3.3 
6.2 

••••• 
9.5 

3.6 
6.7 -··· 10.3 

4.1 
7.6 

••••• 
11.7 

4.6 
8.5 

••••• 
13.1 

5.1 
9.5 -··· 14.5 

• No accurate records available for 1985. Based on actual water records for 1986 throueh 1988. 
** Based on projected ;rowth in water ~ for Subarea 3. 
••• Straight· line projection from 2020 to 2040. 

5.6 
10.4 ··-· 16.0 

Maximum current surface water supply capacity for Bremerton Is 15 MGD and with proposed improvements 
will be 20 MGD. This capacity offsets peak day water demands. 

(2) Assunes the following avera;e and peak ;allons per capfta per day (gpc:d) demand for existing concHtions 
for each area: 

· Average Peak 
Wate~ Use Category GPCD GPCD 

Rural 
Semi ·Urban/Rural 
Urban 

100 
140 
175 

300 
420 

402.5 

(3) Assumes Increase in multl·famfly units fn both the urban, semi·urban and se.f·rural areas resulting in 
gradual reduction in per capita water consumption of 1.5X in the urban area and 3.5l in the semi·urban/ 
rural a~eas for the year 1995, up to 3l and 7X, respectively, for the year 2000 and thereafter. 

(4) AssUMS conservation savings in gallons per capita per day (gpcd) of 5ll in 1995 up to 1Dll in 2000 ard 
thereafter for all urban, semf·urban/rural, and rural areas. 

CS> Combination of (3) ard (4). 

U-69 



- - - - - - - - - - - - - - - - - - -
TABU ll-11 

UTSAP COOIITT CIOOliD IIATn IWIAC!IIDT ABA 
SUHHAI.Y OP CROURDWATER RICBT IWPOIMATION 

Baonille Bainbrid&e Pouhbo I We at s. tcit .. p s. Kitup 
Iadianoh hhnd Bremerton I Kiuap We at !a at Totah 

I 
PUBLIC WATl!R SUPPLY I 

I 
I lnataotaneou• I 

GPH 7,182.S 4,810 17,311.3 I 2,SS2 S,86J 14,46S.1 S2, 184.4 
MGO (1) 10.34 6.93 24.93 I 3.68 8~44 20.83 75.U 

Annual I 
AF/YR 3,284.7 3,6S7.S 13,229.4 I 1,042.9 3,042.4 11,097.3 35,354.2 
HGD 2.93 3.27 11.81 0.93 2. 72 I 9.91 31.57 

OTHER USES1 (2) 
Aooual Onl7 
Irrisation 

No. of Acrea 209 S3.2S 3S6.S 17 1S8 7S.7 869 
AFlYR 417.4 98 628 34 I 17S.3 134.S 1,487.2 
MGD (3) .91 .21 1.37 .07 I .38 0.29 3.23 

Doaaeatic, Binet. I 
AF/YR 46.6 48.BS 132.9S 14.8 I 33.3 S3 329.5 
MGD .04 .04 .12 .01 I .03 o.os o. 29 

Coa.ercial/Iaduatrial 
AF/YR 20 I 183 Sl 26 20.04 302.04 
MGD .02 I .16 .OS I .02 I 0.02 0.27 

Stock Wateria& I 
AF/YR 4 I o.so S.9S 2 2.S 14.95 
MGD - I - .01 - - 0.01 

Recreation and I 
Beautification I 
AF/YJ. I 4 4 
MGD I - -

Wildlife Propaaation I 
AF/U I 6.2 6.2 
MGD I .01 .01 

Fiah Propaaatioa I I 
AF/YR 800 I 2,815 2,167 46 I 5,828 
MGD .71 I 2.S1 1.93 .04 I S.20 

Subtotal: Other Uaea 
AF/YR 

I 
1 ' 18~.68 33~:~~ 82~:~s 2,87~.60 2,40~:~6 2S6.04 7,97!:~~ 0.40 

AFfY';'"p 5tudy Ana I 
I I14,0S3.3 I I I I I 4,S72.7 3,987.8S 3,912.9 5,446 11,353.34 43,326.09 

HCD - Annual I 4.6\ I 3.68 I 13.36 I 3.S3 I 5.08 I \0.3\ I 40.58 . 
(\) Coover1ioa of water riabt quantitiea to MCD ia for deacriptive purpoaea only; caution ahould be uaed in 

uaina HCD fiaure• for aupply analyaia. 
(Z) !ati•atea were a.de oo AF/YI fiaurea on thoae vater ri&hta where annual quantitiea vere not tpecifically 

identified by uae cateaory. 
(3) lrriaatioo averaae day vater ute baaed on 5 month period rather than average over 12 month period. 
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TABLE 11·12 

NOMENCLATIJRE AND REGIONAL CORRELATION OF STRATIGRAPHY 

SUGGESTED 
UNIT THIS STIJDY REGIONAL CORRELATION 

Qnl. Recent alluvium and peat deposits Quaternary alluvium 
younger than Vashon and peat glacial 
till-unit is too thin to be shown on 
these sections 

Qgl. Vashon glacial till Vashon till 

Qg1a. 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 drift) 1968) 

Qn4. Third interglacial deposits Uncertain 

Qg4. Fourth glacial deposits Uncertain 

Qg4m. Marine/ glaciomarine deposits Uncertain 

Qn5. Fourth interglacial deposits Uncertain 

Qg5. Fifth glacial deposits Uncertain 

Qn6. 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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Table 11-13 ~anking Facto~s fo~ Infiltration and 

~echarge/Aqui fer Vulnerabl l i ty Analysis 

PARAMETER: LAND USE 

I LAND USE 
I CA TAGOR I ES 

PERCENT jNUMERICALj 
IMPERVIOUS I RANKING I 

===========================================c••= 
!Parks/ 0 10 I 
!Watersheds I I I 
!--------------------j--------------!---------1 
!Rural/ I 3 I 9 I 
jZ.S Aero I I I 
1--------------------!--------------!---------l 
!Rural/ I 3 · 7 I 8 I 
11 Acre I I I 
!--------------------1--------------l---------l 
!Rural/ I 3 -1s I 7 I 
!High 1-rvious I I I 
!--------------------1--------------l---------l 
jSemi-Rural I 7 · 15 I 7 I 
I I I I 
!--------------------!·-------------!---------1 
I Semi ·Urban I 15 I 5 I 
I I I I 
l--------------------!--------------!---------1 
jurban I 70 I 3 I 
I I I I 
!--------------------!--------------!---------1 
jlrwstrialt 1 90 I I 
!Light Manufacturing I I I 

PARAMETER: SOIL PERMEABILITY 

jGEOlOGIC 
jUNITS 

I OUALITATIVE jNUERICALj 
I RANKING I RANKING I 

=--=•==-••=--•--•--·~·---·--·~-a--···--
I 

I I I I 
jGravels High 10 

l--------------------j--------------l---------1 
!Glacial Till, Peat, I 
!Advance OUtwaall, andj 

Medfuo I 6 I 
I I 

IUndiff- Depoai ts I I I 
1--------------------!--------------!---------l 
!Bedrock, High Slope,j Low I 3 I 
jand lacuatrine I I I 

PARAMETER: SLOPE 

jSLOPE 
jCATAGORIES 

I PERCENTAGE !NUMERICAL! 
I SLOPE I RANKING I 

=·~~==================z===================== 

llow Slope !O · 6 Percent I 10 
I I I I 
1--------------------l--------------!---------l 
!Moderate Slope !6 · 20 Percent! 6 I 
I I I I 
l--------------------!--------------!---------1 
jHigh Slope j> 20 Percent I 3 I 
I I I I 

PARAMETER: PRECIPITATION 

jPRECIPJTATION 
jRANGES ( in/yr) 

>80 
70-80 
60·70 
so - 60 
40 - 50 
30 - 40 

20 - 30 
< 20 

I NUMERICAl 
I RANKING 

9 

8 

7 
6 

s 
4 

3 

2 

----~~-- -======== 

Notn: 
Infiltration Potential (IP): 

IP • NRLU*WLU • NRSO"\ISD • NRSL*WSL 
Recharge/Aquifer Yulner~ility Potential (RP): 

~p • NRPR-wPR + NRSO*WSO + NRSL•WS~ 

llllhere: 

o NRLU, NRSO, NRSL, NRPR are the numerical 
ranking values for land use, soils, slope, 
and precipitation, respectively. 

o Wl.U, WSO, WSL, WPit ere the weighting 
factors for l.nd usa <2>, soils {2), 
slope <1>, and precipitation <2>, 
r-espectively. 

see Geologic Characterist;cs Maps within the 
Appendices for distribution of Geologic Units. 
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Table 11·14 Long·Ter. Average Water Balence ~tl 
IC i tsap COIIIty 

AVERAGE 
PRECIP. 

AVERAGE 
I EVAPOTRAN. 

AVERAGE 
RUNOFF 

(RO) 

ASSU.ED 0 I AECT 

I SUBAREA CPl I (ET) 

RUNOFF I RECHARGE 
PERCENTAGE I (R) 

IHansville·lndianola 20·30 13·15 2·4 10·15 6·10 

I 
!Bainbridge Is lard 35·40 14·16 6·7 15·20 15·17 

I 
!Poulsbo· Bremerton 40·50 15·18 7·10 15·20 18·22 

I 
I~••• ICitsap 65·75 20·22 18·21 25·30 27·32 

I 
I South ICi tsap 45·55 17·19 7·10 15·20 21·26 

I 
=====================-===============================·=========-========================== 

Notes; 
1) All values except ~ff percentages are in inches/year. 
2> Water balance fonmula is as follows: 

R • P • ET • RO 
3) Precipitation estimated from isohyetol oop (Exhibit 11·15). 
4) Evapotranspiration was extt~ated uafng ThorthWIIite method assLIIIing 

a 3· to 5-ineh soH moisture holding capacity. 
5> Runoff was estimated as a percentage of precipitation (percentages are provided). 

Runoff percentages are based in part on nlues u.trapolated fr011 USGS 
rechar!iJe lb:ldel ing W'IBlysis of South Kfng CCU'Ity (Steve SUDioka, USGS, Personal ccmn.). 

6) Changes fn storage vere neglected for long·tel'll anelysis. 

7) Recharge fs the .mount of w.ter c•lculated to pess beyond the root zone. 
The hydrogeologic ch•ractertatfcs of localized areas will have • profOI..W'd effect 

on actual recharge to l.rderlying aq.~ifer zonn. 
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Table II-IS Summary of Hypothclicol Groundwater Yield Estimates 

Kitsap County 
YIELD FOil w.uo& AQUIFEIIYSTI:WS 

HYI'Ollllli'IC.U. .......... ......... YIEU> 

SUI.\I.EAI ..... .. ,.. <-<>> C.O.J 
AQUIIFEI IYSTE .. ........ twrll ..... ..... 
......,A&Se_......,. ....... u • I.J ••• ... ..-.._. ... I ... 1.1 - ... I ... ... ...,...._....._ .. ,. 1.1 II ••• ... - ••• .. ... u 
SUQOTAL 21.1 1.1 ... ............. • .. ••• ••• - . . . . ........ . . . ·- . . . . - . . . .._.._.. . . . . 
....... n.-,t--1 . . 

lllflai'AI. • ••• ••• ----.. _ 
2.2 .. •.. ... -- II.J 11 ••• 0.1 - ••• .. ••• 1.1 ........ . . . ......... IU .. • •• 1.1 

........ Iii . . 

.._... . ._,..... . . . 
a...-....... I-I . . ............ ..... 10.1 IU ....... ....... u " ••• • •• IUITOI'4L u ... ••• ........ - ... " ••• ••• -- .. " . .. J.J --....... . 
._., . 
c.. .. , ..• .. . .. ... ·- . . 
.... c .... . 

IUIITOTAL 24.) 1.1 11.1 

TOfAU 9t.2 n.l , ..• ·-· ,,,u,.,..,.......o._.._v.w-c• ......... ._ •• ..,..,.,."_ 
(l)~fii-..... ~.,.- ...... Mo..ih_.,.., ......... ...:., ... 

,,....,_-.I:Oo.W.II-1. 
(l) ........... _ ,.., _..,...,.. ..,_ ......... ,.. __ ,,, ...... , .. 

. _.,..., .......... .,...,_ ............. _ ............ ,......s.oo..~ •. 
.....,,.,_,..,.a ........... •J-M .. ~..,.,..,;l.,. a.i&llodid" .-.. 
W~M ....... S...... 

(4) ............ _.,lllc_jlloo.....,...,._ ............ ....- ...... ·-··· S..lllc _,,,."" .. , .... ~-.. .. 

YIELD FOI. AU. AQUIFU S'tSTENS AVELo\Gli ..... 
IJ:::CIIAaGE IIOCU.U.Q< 

AlE.\ ..... 
c ......... ,..,,,, 

.. • 

11 " 

" 11 

.. .. 

... " l4S.O 

HYfOniETICAL OIOUNllWAlU USE t'OI fiiOUNDWAll:k UiE FO& 

YIEI..O EXIHIHO CONilfHONS EXISHNO CONUCrK>NS 

c-o.1 
(ma.tl 

1.1 

••• 

11.2 

21.4 

ll.4 

U.t 

C~.S lfU ,. .. ,... IIU .... ,... ..... ..... . ...... (laaJI ...... ~.-... ,.,.,, 

11.1 1.11 l.li .... S.a1 IO.Ool 16.1Q 

•• . ... 2.01 .... 4.U 1.10 l.Jt 

n.o 1.42 II.Ol ''-" II.Jl Jt.42 .... 
.... .... .. .. I.JS •••• ).01 . ... 

Ill.) ... '-" IJ.I S 16.1) n.n 14.41 

lst.l .... ) u."' 1•.ss .... 14 11 IILW 

Ul...,..•l"-•,.""'...,. __ .._,_..t..,-.~-•r .. l>k(r.w.&l-141. 

1'1 u,.....,......,. ,,_.,..~co 7..W -i.Mco '"nor • ..,...o~a<- ioo _..,c. 
C...o"- .a.....w M uco"'- .. ol'fl67ia1 lhc •~....,, u#otooo ,_., __ 

Ill,._.- flab~• ___ ,..... .. -· ...... , •""'"""" -... 
(lll&.oo•--cooo,too•-•-"c""'rf..,pul>lll'--..o6Uf't'lr•J'"q" 

- - - -

(;&0UHLIWA1U 

llliUU 
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Kitsap County 
Ground Water Management Plan 
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I Exhibit II-2 

KITSAP COUNTY GROUND WATER MANAGEMENT PROGRAM 
AQUIFER CONTAMINATION POTENTIAL 

I LAND USE AND WATER QUAUTY DATA APPROACH 

I Review Legislative/ 0 Federal: SDWA, RCRA, ETC. 
Regulatory Background 0 State: DOE, GWMA 

0 Local: Land Use Plana 

I 
Review Groundwater 0 Nationwide surveys 

I Contamination Problem 0 State/Local info. 

I 
0 Land Use/Source 

Document and/or Map 
Categories 

Existing Conditions 
0 Hydrogeology 

I Recharge Aquifer Geology 

0 Document Availability of 

I 
Water Quality Data 

0 Identify Potential 

I Identify Contaminants Contaminants 

of Concern 0 Document Occurrence 

0 Assess Mobility 

I 0 Identify Water Quality 

Indicator Parameters 

I Analyze Potential for 0 Review Water Quality 

I 
Ground Water Contamination 0 Refine Indicator Parameter List 

0 Refine Hydrogeological Aspects 

0 Focus on Land Use Problems 

I Conclusions 0 Prioritize Contaminant Concerns 

I 
0 Determine Sensitive Areas 

0 Develop Management Program 

I -Interim 
Recommended Program -Long Term 

I 0 Develop Future Water Quality 

Monitoring Needs 

I 
I 
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EXHIBIT II-3 

SOURCES OF GROUND-WATER CONTAMINATION 

CATEGORY 1- Scurcas designed to discharge subslanc.os 
Subsu~aco percolation (e.g., septic tanks and cesspools) 
Injection we Us 

Hazardous waste 
Non-hazardous waste (e.g., brine disposal and drainage) 
"Non·was:o (e.g., enhanced rocovery, aniriCial reCharge 

sol~,ion mining, and in-s~u mining) 
Land a;>~ication 

Was: a wator (o.g., spray irrigation) 
Wzs:owator byproduct• (e.g~ sludge) 
Hz.zardo\.:s waste 
Non-ha.zardous wasta 

CATEGORY U- Sources cleslgnecl to store, treat, ancllor 
db;>o .. or subs:ancas; cllseharge through unplanned 
ra1aas. 

undfills 
lndus:rial hazardous wasta 
Jndus:rial non-hazardous waste 
Munic~al sanitary 

Open dumps. including iJiagal dumping (waste) 
Rasidontial (or locaQ disposal (wasta) 
Surlaca impcunC:nems 

Hazardovs waste 
Non-huardo~:s wasta 

Waste tailings 
Wast• poas 

Hz.zardcus waste 
Non-hazardous waste 

Matoriats stocl<pilas (non-wasta) 
Graveyards 
Animal burial 
Aboveground s:ora;e tanks 

Hazardous waste 
N::~n·huarC'ous waste 

·Non-waste 
Underground storage tanks 

Hazardous waste 
Non-hazardous waste 
Non~waste 

Containers 
Hazardous waste 
Non-hazardous waste 
Non·wzste 

Open burning and detonation shs 
Radioae:tve dispcsal sites 

CATEGORY IU-Sourc:u doslgnlclto retain 
subs'~nces during transpctt or transmission 

Piperones 
Hazardous wuto 
Non-hazardous waste 
Non-waste 

Materials transport and transfer operations 
Hazardous waste 
Non·hz.zardous waste 
Non·wasta 

CATEGORY N- Scurcas discharging substancas as 
I cons.quanc.o or other plaMed •c:!lvltlu 

lrri;ation prac::icos (e.g •• roturn flow) 
Pesticide appfioations 
Fertilizer o;>pfic:aticns 
Animal feeding cperations 
De-icing sa~..s appfications 
Urban nmoH 
Percolation of a:mosphoric: poftutants 
Mining and mino drainage 

Surlaoe mine-rolatod 
Underground mine-rolated 

CATEGORY V- Sourc:u pn>vfdlng conduit or Inducing 
dlschargo through dorod flow patt.ms 

Produc::icn weDs 
0~ (and gzs) wens 
Goct~ormal and hoat rocovory weDs 
Wa:or supply wolls 

Othor woOs (non-waste) 
Moniloring woOs 
E.x;oloraticn walls 

Construc:::ion •xc.avaticn 

CATEGORY Vl-!Uturally occurring scurc:os whose 
discharge Is cruttd anc!/or exacerbated by 
human activity 

Groundwater • surface water interactions 
Natural leaching 
Salt-water intrusiorv'orad<ish water upccning (or 

intrusion of ether poor-quality natural water) 

Source: Office or Technology Assessment, Pmtectjno The Net;on's Grppnctwat•r Frpm Contamination 
Oclober 1984. 
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EXHIBIT Il-5 
KJTSAP COUNTY POPULATION PROJECTION(1.2) 

BY SUBAREA 

TOTAL COUNTY 
1989 181,400 
2000 222,700 
2020 294,600 
2040 366,400 

(1) BASED ON POPULATION PROJECTIONS FOR MODER A IE GROWTH AS ESTIMATED 
BY PUGET SOUND COUNCIL OF GOVERNMENTS (PSCOG) FOR 1970 THROUGH 2020 
IN 'JUNE 1988 POPULATION AND EMPLOYMENT FORECAST" REPORT 

(2) STRAIGHT -LINE PROJECnON FORM 2020 TO 2040. 

EE~ ECONOMIC AND F.NC:TNF.F.RJNI; SFRVICFS INC 

SUBAREA I 

~ 
SUBAREA 2 

~~A 
SUBAREA 3 

SUBAREA 4 

SUBAREA 5A 

f:::: ~=:::<:?:::_;::J 
SLIBAW:.A 58 
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EXHIBIT II- 6 
KITSAP COUNTY 

AVERAGE AND PEAK DAY WATER DEMAND PROJECTIONS ( 
1

) 

(ALL WATER USES) 

150-.----------------------------------~ 

0 
0 120 
2 

>­
<( 
0 

a: 
w 
0... 

UJ 
z 
0 
_j 

_j 

<( 
0 

z 
0 

_j 

_j 

110 

90 

80 

30 

20 

10 

PEAK DAY 

AVERAGE DAY 

0 - SCENARIO I --EXISTING CONDITION (2) 
0 -SCENARIO 2 --WITH MULTI-FAMILY INCREASE (3) 
6 -SCENARIO 3 --WITH WATER CONSERVATION (4) 
0 -SCENARIO 4 --COMBINATION OF SCENARIOS 2 AND 3 (5) 

o-1-----------,----------,----------,----------,----------,--------~ 

1980 1990 2000 2010 2020 2030 2040 

YEAR SEE FOOTNOTES ON NEXT PAGE 
ECONOMIC AND ENGINEERING SPPVTrr." 

'"'" ____________ , 
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FOOTNOTES (Exhibit 11-6): 

(1) 

(2) 

(3) 

(4) 

(5) 

All scenarios include municipal and domestic groundwater use, as well as private commercial/industrial, 
irrigation, fish propagation, and stock watering. Municipal and domestic use are only variables in groundwater 
use projection. Irrigation based on Bureau of the Census agricultural statistics. Other uses estimated from 
water right records. City of Bremerton surface water demand is included. City of Bremerton's surface and 
groundwater average day requirements have been estimated to be: 

Average Day 1985* 1990 .. 

Groundwater 3.0 
Surface Water ~ 
Total 85 

3.1 
il 
8.7 

1995** 

33 
.2,Z 
95 

2000** 

3.6 
Q:J. 

103 

2010** 

4.1 
LQ 

11.7 

2020** 2030*** 2040*** 

4.6 5.1 5.6 
~ ~ 10.4 

13.1 145 16.0 

• 
•• 

No accurate records available for 1985. Based on actual water records for 1986 through 1988 . 
Based on projected growth in water demand for Subarea 3 . 

••• Straight-line projection from 2020 to 2040 . 

Maximum current surface water supply capacity for Bremerton is 15 MGD and with proposed improvements 
will be 20 MGD. This capacity offsets peak day water demands. 

Assumes the following average and peak gallons per capita per day (gpcd) demand for existing conditions for 
each area: 

Average Peak 
Water Use Category .lJfm .lJfm 

Rural 100 100 
Semi-Urban/Rural 140 420 
Urban 175 402.5 

Assumes increase in multi-family units in both the urban, semi-urban, and semi-rural areas resulting in gradual 
reduction in per capita water consumption of 15% in the urban area and 35% in the semi-urban/rural areas 
for the year 1995, up to 3% and 7%, respectively, for the year 2000 and thereafter. 

Assumes conservation savings in gallons per capita per day (gpcd) of 5% in 1995 up to 10% in 2000 and 
thereafter for all urban, semi-urban/rural, and rural areas. 

Combination of (3) and ( 4). 
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Major Perennial or Ephemeral Stream 

Drainage Basin Boundary 

Basin Name 

fiOO Stream Number 
Garling and Others, 1963 (Plate 3) 

Note: Refer to Appendix I for specific basin data. 
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Kitsap County 
Ground Water Management Plan 

El~ 
.. .. 

Map Legend 

Loca tion of Principal Aqu i fers. 
Aquifer boundaries are very 
approximately defined . Solid lines 
are shown in areas where there 
is adequate subsurface control 
beyond the limits of lhe aquifer. 
Dashed li nes ore shown in areas 
where there is on absence of 
subsurface dolo with whi ch to 
conf i rm the boundary location . 
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Map Legend 
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EXHIBIT 11-9 

Distribution of Soil Permeability 
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Kitsap County 
Ground Water Management Plan 
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Map Legend 
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• " High 
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EXHIBIT 11-10 

Distribution of Slope 
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Kitsap County 
Ground Water Management Plan 
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Map Legend 
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Existing Land Use 
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Future Land Use 
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Kitsap County 
Ground Water Management Plan 
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Map Legend 
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EXHIBIT 11-13 
Infiltration Potential Based 
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Kitsap County 
Ground Water Management Plan 

El~ .. .. 

-
Not••: 

Recharge Potential 
Aquifer Vulnerablllfy 
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Location of Principal 
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EXHIBIT 11-14 
Recharge Potential and 

Aquifer Vulnerability 
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SECIIONIII 

FUTURE DATA COLLECIION 

The Ground Water Management Plan (GWMP) Grant No. 1 activities have identified 
an abundance of hydrogeologic data with which to define aquifer systems, production 
potential, and resource vulnerability. However, there are still deficiencies in the ability 
of existing data to resolve all specific hydrogeologic issues. Therefore, one of the 
benefits of the assessment of existing hydrogeologic data is the definition of areas where 
insufficient information exists to confidently make regional interpretations. Several 
types of data are required in defining and managing groundwater resources. These 
include: (1) groundwater level monitoring; (2) additional evaluation of aquifer 
characteristics for identified aquifers;· (3) generation of preliminary hydrogeologic 
information in data-poor areas by test drilling, aquifer testing and sampling; (4) 
collection of pumpage information; (5) background water quality sampling and 
monitoring with time; (6) collection of stream flow and precipitation data; and (7) 
monitoring of lake surface elevations. In some areas the available data needed for 
characterizing groundwater resources and establishing management alternatives is 
satisfactory. There are, however, some areas which require additional data to monitor 
and manage the groundwater resources. 

This report reco=ends the collection of additional hydrogeologic, hydrologic, and 
water quality data to more accurately assess the areas' aquifer characteristics and their 
relationship with surface water and land surface activities. The intent is that Grant No. 
2 efforts will prioritize these activities and develop a long-term comprehensive moni­
toring program. Since each subarea has it's own specific needs, data collection efforts 
will be discussed on a subarea basis. Where possible specific locations for data collec­
tion are suggested, as shown in Exhibit ill-1. It must be noted, however, that these 
suggestions should not preclude data collection opportunities which may arise nearby. 
Where offered, explicit data collection efforts are presented to provide conceptual 
clarity as to how the data needs may be met. In no case are they presented as the only 
solution to the problem of data paucity. 

The reco=endations presented within this Section recognize that additional informa­
tion and a comprehensive monitoring program are warranted throughout all areas, not 
just those of known or existing major supplies or suppliers. This list of activities was 
also developed with the knowledge that sources of funding for implementing these 
reco=endations are unresolved, as yet. These will be addressed during Grant No.2. 
However, exploratory drillings or other data collection activities by State and local 
agencies, private interests, or public purveyors, during the interim, should be influenced 
by this list of reco=ended actions. 



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 reco=ended 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. HYDROGEOLOGIC QATA COLLECDON 

Many of the test drilling and well monitoring suggestions were developed by 
analysis of the information presented in Exhibit 11-8, 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 quality 
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 
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South aquifers and two in the Kingston and Suquamish-Miller Bay 
aquifers. A suggested monitor well location for the Hansville aquifer is 
T28N R02E 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 reco=ended as a possible monitoring site. 
Two areas are reco=ended in the Kingston aquifer, one in T27N R02E 
Sec 25 (Well 25E03) and a second in T27N R02E Sec 35 (Well 35K01). 
The Suquamish-Miller Bay aquifer should be monitored in T26N R02E 
Sec 9 and T26N R02E Sec 20, suggested specific wells within this area are 
20L01 and 09H01. A new well in T26N R02E 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 R02E Sec 21N, is reco=ended 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 R02E, 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 R02E Sec 25 (Well 25E03) and T27N 
R02E Sec 35 (Well 35K01). Should the monitoring data show that the 
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capacity of the aquifer has not been exceeded then deep exploration to 
evaluate the southwestern extension of the aquifer (T26N R02E Sec 2J) 
should be considered. 

The Suquamish-Miller Bay aquifer contains several potentially high 
yielding wells which have been completed at varying depths. One of the 
major users at this time is the Suquamish Tribal Hatchery, who may 
possess the paramount right to the water. The PUD has drilled several 
test wells in the area which showed good potential. One of these wells 
should be dedicated as a permanent water level monitoring site, i.e., Well 
09H01. At least one other well on the east side of Miller Bay should also 
be dedicated to long term water level monitoring for this portion of the 
aquifer (Well20L01). 

The Poulsbo aquifer is identified by several good wells completed in a 
stratigraphic horizon between 175 feet above sea level down to sea level. 
This aquifer should have a dedicated monitor well placed in T26N ROlE 
Sec 130. Should expansion of the production from this aquifer be 
desired, it is suggested that the test drilling pattern be designed to evalu­
ate the lateral extent of the shallow system and to provide stratigraphic 
information of any deeper systems. No information is available regarding 
the possible presence of deep aquifers beneath the Poulsbo aquifer. 
However, the area appears promising for deep well sources, principally 
because of its relative distance from deep salt water bodies. 

Areas of exploration for new water sources are somewhat limited in the 
Hansville-Indianola Subarea, due to the close proximity of Puget Sound 
on three sides, the related possibilities of sea water intrusion and because 
of the limited recharge area available on the upper peninsula. Deep test 
wells may be justified to evaluate the local stratigraphy in T27N R02E 
Sec 90, T26N R02E Sec 61, T27N R02E Sec 18L and T26N R02E Sec 
3F. A summary of the recommended monitoring and exploration loca­
tions for the Hansville-Indianola Subarea can be seen in Table lli-1. 

B. Bainbridge Island Subarea 

Bainbridge Island has recently undergone a significant amount of test 
- drilling, which has identified several new and potentially prolific aquifer 

zones. At this time it appears that the subarea is more in need of aquifer 
evaluation than identification of additional aquifers. A water level moni­
toring program for five of the six designated aquifers should be developed 
and implemented as soon as possible with at least one dedicated moni­
toring well for each aquifer. The Gilberton-Fletcher aquifer contains the 
PUD's Fletcher Bay Well (Well No. 20K01), which presently is being 
regularly monitored. 
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The Meadowmere aquifer is heavily utilized in the local area and as such 
is in serious need of a dedicated monitoring well, probably located at 
some distance from the present pumping centers, possibly in T25N R02E 
Sec 9Q. This would more accurately reflect the regional water level 
response of the aquifer. In addition to water level monitoring the amount 
of water pumped by the current users needs to be measured, reported and 
evaluated in light of the water level record from the monitored wells. 

The impending production from the Wardwell aquifer by the City of 
Winslow at the recently completed Sands Road Well (Well No. 22J02) 
makes the monitoring of that well and the PUD's Wardwell Road well 
(Well No. 15101) critical. The long-term production capacity of this 
aquifer is unknown. Assessment of the information collected over the 
next few years will provide insight into the ultimate production capacity 
of this system. 

The Bayhead aquifer, which represents the primary source of water for 
the City of Winslow, appears to have somewhat more capability than is 
presently being pumped. A water level and total pumpage monitoring 
program should be developed to establish base line data for this aquifer. 
Well 27£03 could be dedicated to monitor these conditions. It may be 
found that additional yield can be obtained from the City of Winslow's 
existing well field through a designed program of efficient operation of 
existing wells. Further drilling is not advised at this time due to the 
limited area available for additional well sites. 

For the Creosote aquifer, the planned monitoring program at the Port 
Blakely Well No. 1 (Well No. 35G01) should provide much needed data 
on the aquifer characteristics. No additional yield should be planned 
until the evaluation of the monitoring data assures that increased produc­
tion is feasible. New production will likely be developed within the 
presently identified boundaries, due to the geographic limits to the north 
and east (Eagle Harbor and Puget Sound) and the known bedrock high to 
the south. 

There is some evidence that the Lynwood aquifer can yield more water 
than is presently being produced. This may be possible by placement of 
optimally spaced wells. Test drilling would be required to provide several 
observation wells and to better define the local aquifer geometry and 
other aquifer characteristics. Several shallow test wells in T24N R02E 
Sec 48 and T25N R02E Sec 33L would allow a proper definition of the 
hydrogeology and provide an appropriate water level monitoring network. 
The cost effectiveness of maximizing production of the aquifer should be 
considered. 

Exploration for new aquifers should be contemplated in the northern por­
tion of the island where there is a paucity of data, especially regarding the 
deeper systems. The first deep test well should be contemplated in T25N 
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R02E Sec lOA A summary of the reco=ended monitoring and explo­
ration locations for Bainbridge Island can be seen in Table ill-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 ROlE 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 Uberty 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 
ROlE Sec 21P, T26N ROlE Sec OlE, and T26N ROlE 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 
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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 ROlE 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 depletion 
is evident at the present time, dedicated monitoring wells should be set 
up in wells 16101 and 20C01. 

A new well is presently planned to be drilled at T25N, ROlE, 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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current pumping and to evaluate it's potential for increased withdrawal. 
Dedicated monitoring wells are suggested at the Parkwood East well 
(Well No. 23N02), which is reportedly unused and may be available for 
monitoring access, and at Silverdale's Selbo Road well (Well No. 22F03). 

The Gilberton-Fletcher aquifer is represented by deep wells at Gilberton 
on the Manette peninsula and near Fletcher Bay on Bainbridge Island. 
These areas are separated by Port Orchard Bay which is a relatively 
shallow arm of the Puget Sound. The bottom of the Bay is appreciably 
higher in elevation than the aquifer. There is reason to speculate conti­
nuity between the Gilberton and Fletcher Bay Areas, with the bay 
perched well above the aquifer. The continuity between the two areas is 
implied and the aquifer configuration as presented on Exhibit 11-9 proba­
ble, but not proven. An extensive amount of water level monitor infor­
mation is available on the Fletcher Bay side from the PUD's Fletcher Bay 
Monitor Well (Well No. 20K01). These records show response to 
pumping and apparent aquifer pressure equilibrium during pumping. 
The well exhibits a high amplitude tidal fluctuation suggestive of elastic 
loading as opposed to an actual influx and egress of salt water from within 
the aquifer. Water levels remain above sea level. At Gilberton, a more 
sporadic set of records shows major declines in water levels due to 
pumping. These levels appear to be at least 50 feet below sea level which 
may provide a long-term potential for saltwater intrusion. A monitoring 
program similar to the Fletcher Bay Well is needed. A possible site for 
this monitoring well is near the Gilberton No. 1 Well (Well No. 19M01). 

Numerous wells owned by North Perry Avenue Water District and the 
City of Bremerton have been producing from the Manette-Bremerton 
North aquifer system for many years. A thorough monitoring system 
must be developed to assess the results of this heavy use. Suggested new 
monitoring well sites are in T25N ROlE Sec 35R and T24N ROlE Sec 
OlP. Existing Well 01M02 could be converted to serve as a dedicated 
monitoring well. Oose comparison of current levels with historic water 
level patterns is necessary to establish trend evaluations. Suspicions of an 
overdraft situation in this aquifer should be evaluated. More water may 
be available but should only be considered after a monitoring plan is 
operational and sufficient data has been generated. Expansion of this 
aquifer's production, if warranted, would likely come from within or very 
near the presently identified boundaries, due primarily to geographical 
constraints. A summary of the recommended monitoring and exploration 
locations for the Poulsbo-Bremerton subarea can be seen in Table ill-3. 
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D. West Kitsap Subarea 

This subarea contains only one defined aquifer, the Big Beef aquifer, 
although other major aquifers almost certainly exist. The Big Beef 
aquifer is likely to be among the best in Kitsap County, possibly better 
than the Bangor aquifer. It has been demonstrated to have high trans­
missivity and presumably is recharged from a large catchment area to the 
south including the northern slopes of Green Mountain. 

The principal hydrogeologic data needs in this subarea are the definition 
of stratigraphic and hydrologic conditions necessary to define aquifers. 
This will require extensive test drilling. There is ample justification to 
speculate that major aquifers exist elsewhere in the subarea. 

Although the Big Beef aquifer is mapped as a small area east of Seabeck 
where a major aquifer has been developed, the actual aquifer area may 
be much larger. Current use is primarily for fish propagation by the 
University of Washington Big Beef Station and by the nearby Lakes Trout 
Farm. These wells may have a combined and continuous yield of about 
1,500 gpm. In that the University of Washington facility depends solely 
upon artesian flow and the facility has not expressed a problem with 
diminished flow, aquifer depletion does not appear to have occurred. 
This fact does not constitute a complete evaluation of trends. Some 
procedure for monitoring and recording water use and water level (or in 
the case of flowing artesian wells, the shut-in pressure) data at the facili­
ties should be implemented at wells 14E01, 22A02, 22A03 and 22A04. 

Although distant from population centers, the aquifer would be a candi­
date for a regional groundwater supply to be transported to more distant 
areas of demand within the county. If such plans were to be considered, 
extensive test drilling to depths of at least 300 feet below sea level would 
be required to determine aquifer geometry and to properly define trans­
missivity and storativity. Suggested locations for these test wells are in 
T25N ROlW Sec 22N, 23P, 27H, 280, 331.., and 34H and T24N ROlW Sec 
3A, 40, and 50. 

Other exploration targets should be developed along the Seabeck and 
Stavis Creek drainages possibly in T25N ROlW Sec OlF, T24N ROlW Sec 
06M, T24N R02W Sec OlE, T24N R02W Sec llF, T24N R02W Sec 14F, 
and T24N R02W Sec 30A In addition, the well recently completed for 
the community of Holly (Well No. 19K01), which has one of the highest 
specific capacity values in the entire county, may be indicative of another 
major aquifer. 

It is highly probable that the groundwater production potential far 
exceeds the demand suggested for projected future population trends for 
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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 ill-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 aquifer 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 
(Well21B01) 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 (33101) should be dedicated as 
a monitoring well for this relatively small aquifer 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, R02E, 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 
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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 25002) 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 33L02, 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, R02E, 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 
OlKOl. The aquifer is thought be extensive to the south. Test drilling 
about a mile south of the Salmonberry well field in T23N, ROlE, Sec lK 
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 R02E Sec 321., T22N R02E Sec fJ7J, T23N R02E Sec 
21R, T23N ROlE Sec 240, T23N ROlE Sec 35F, T22N ROlE Sec 091.., 
T23N ROlE Sec 28M, T22N ROlE Sec 06H, T23N ROlW Sec 24R, and 
T23N ROl W Sec 350. A summary of the recommended monitoring and 
exploration locations for the South Kitsap subarea can be seen in Table 
m-5. 

HXDROLOGIC DATA COLLECTION 

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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B. 

c. 

Criteria for selecting stream gaging sites would be as follows: 

o Locate sites in proximity to major groundwater pumping centers; 

o Locate sites where historical streamflow data are available; 

0 

0 

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

Accessibility, channel geometry, and other siting factors. 

See Table ffi-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 ill-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 ffi-6. 
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3. WATER OUALIJY DATA COLLECI10N 

It is reco=ended that a water quality monitoring network be developed which 
acknowledges the impact of land use activities in relation to the hydrogeology of 
the area. The network should provide adequate background data and continuing 
water quality information for the aquifers in each subarea. It should incorporate 
existing monitoring networks where they exist. Indicator water quality parame­
ters have been reco=ended based on major land use categories found in the 
subarea, parameters of health concern, frequency of occurrence in the ground­
water, and aesthetic parameters which help to assess the hydrogeologic charac­
teristics of the aquifer. Specifically, the parameters have been sorted to reflect 
potential contamination from land uses associated with urbanization, industrial/ 
co=ercial, or agricultural activities. 

Specific subarea monitoring needs are listed below. These monitoring needs 
discuss well location, parameters to be measured and the frequency of 
measurement. In addition to wells located in specific aquifers, an overall 
network of wells representing the shallow groundwater system have been identi­
fied. Evaluation of water quality data from this shallow system will provide 
overall areal coverage of the County, while wells in specific aquifers will help to 
assess any impacts on major groundwater resources. A specific network will be 
prepared during Grant No. 2 activities. Where selected well locations are not 
yet known, it is noted that well locations are "to be identified." In most cases, the 
wells reco=ended for water quality data collection have also been slated for 
water level monitoring. 

A Hansville-Indianola Subarea 

(1) Monitoring Locations 

(2) 

Specific groundwater quality monitoring locations are presented in 
Table ill-7. 

Parameters 

Parameters should include indicators of agricultural activity and 
urbanization. Specifically: 
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B. 

AWcultural Indicators 

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

Urbanization Indicators 

Total and Fecal Coliforms 
Nitrate 
Chloride 
Sulfate 
Conductivity, pH 

~ 
Primary/Secondary Contaminants for public water supplies 
Volatile Organics 

(3) 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 ill-8. 

(2) Parameters 

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

ill-15 



Urbanization Indicators 

Total and Fecal Coliforms 
Nitrate 
Chloride 
Sulfate 
Conductivity, pH 

Industrial/Commercial 

Conductivity 
pH 
Trichloroethylene 
Tetrachloroethylene 
1, 1, 1-trichloroethane 
Methylene Chloride 
Vinyl Chloride 
Cyanide 
Chromium 
Cadmium 
Phenols 

A&rlcu1tural Indicators 

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

Other 

Primaiy /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 on volatile 
organic chemicals should be taken quarterly the first year then 
twice per year for following years. Primaiy and secondary drinking 
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c. 

water contaminants from public water supplies should be incorpo­
rated into the database. These parameters are monitored 
according to compliance schedules. 

Poulsbo-Bremerton Subarea 

(1) 

(2) 

Monitoring Locations 

Specific monitoring locations are presented in Table III-9. 

Parameters 

Parameters should include indicators of urban and industrial/ 
co=ercial activity, agricultural activity, and saltwater intrusion in 
the Gilberton-Fletcher aquifer. Specifically: 

Urbanization Indicators 

Total and Fecal Coliforms 
Nitrate 
Chloride 
Sulfate 
Conductivity, pH 

Industrial /Commercial 

Conductivity 
pH 
Trichloroethylene 
Tetrachloroethylene 
1, 1, !-trichloroethane 
Methylene Chloride 
Vinyl Chloride 
Cyanide 
Chromium 
Cadmium 
Phenols 

A&ricultural Indicators 

Nitrate 
Ammonia 
Atrazine 
Dicamba 
Hexazinone 
Methomyl 
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D. 

Picloram 
EDB 
Garton 
2, 4-D 
Conductivity, pH 

Saltwater Intrusion 

Chloride 
Sodium 
IDS, Conductivity 

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 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. 

West Kitsap Subarea 

(1) Monitoring Locations 

Specific monitoring locations are presented in Table ID-10. 

(2) Parameters 

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

A&ricu!turallndicators 
Nitrate 
Ammonia 
Atrazine 
Dicamba 
Hexazinone 
Methomyl 
Picloram 
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E. 

2,4-D 
EDB 
Gar! on 
Conductivity, pH 

Qtlli 

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 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 

(1) Monitoring Locations 

(2) 

Specific monitoring locations are presented in Table ID-11. 

Parameters 

Parameters should 
industrial/ commercial 
Specifically: 

include indicators of urban and 
activity, as well as agricultural activity. 

Urbanjrntion Indicators 

Total and Fecal Coliforms 
Nitrate 
Chloride 
Sulfate 
Conductivity, pH 

lndustrjal/Commercial 

Conductivity 
pH 
Trichloroethylene 
Tetrachloroethylene 
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1,1,1-trichloroethane 
Methylene Chloride 
Vinyl Chloride 
Cyanide 
Chromium 
Cadmium 
Phenols 

Auicultural Indicators 

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

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 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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TABLEill-1 

HANSVILLE-INDIANOLA SUBAREA 

POTENTIAL HYDROGEOLOGIC MONITORING 
AND EXPLORATION LOCATIONS 

..sm Well ID Aquifer 

T28N R02E S22 22N01 Hansville 
T27N R02C S28 28C02 Port Gamble South 
T27N R02E S25 25E03 Kingston 
T27N R02E S35 35K01 Kingston 
T26N R02E S09 09H01 Suquamish/Miller Bay 
T26N R02E S20 20L01 Suquamish/Miller Bay 
T26N R02E S13G New Well Poulsbo 

T27N R02E S21N New Well Port Gamble South 
T27N R02E S19E or New Well Port Gamble South 

S20W New Well Port Gamble South 
T26N R02E S2J New Well Kingston 

T27N R02E S09G New Well 
T26N R02E S06J New Well 
T27N R02E Sl8L New Well 
T26N R02E S03F New Well 

.~----------------------------~ 
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TABLEill-2 

BAINBRIDGE ISlAND SUBAREA 

POTENTIAL HYDROGEOLOGIC MONITORING 
AND EXPLORATION LOCATIONS 

STR Well ID Aquifer 

T25NR02E 20K01 Gilberton-Fletcher 
T25N R02E S09Q New Well Meadowmere 
T25NR02E 22102 Wardwell 
T25NR02E 15J01 Wardwell 
T25NR02E 27E03 Bayhead 

35G01 Creosote 
T24N R02E S04B New Well Lynwood 
T25N R02E S33L New Well Lynwood 

T25N R02E SlOA New Well 
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TABLEIII-4 

WEST KITSAP SUBAREA 

POTENTIAL HYDROGEOLOGIC MONITORING 
AND EXPLORATION LOCATIONS 

.SIR Well ID Aquifer 

T25NR01W 14E01 Big Beef 
T25NR01W 22A02 Big Beef 
T25NR01W 22A03 Big Beef 
T25NR01W 22A04 Big Beef 

T25N ROl W S22N New Test Well Big Beef 
T25N ROl W S23P New Test Well Big Beef 
T25N ROl W S27H New Test Well Big Beef 
T25N ROl W S28Q New Test Well Big Beef 
T25N ROl W S33L New Test Well Big Beef 
T25N ROl W S34H New Test Well Big Beef 
T24N ROlW SOJA New Test Well Big Beef 
T24N ROIW S04B New Test Well Big Beef 
T24N ROlW S05D New Test Well Big Beef 

Other Exploration Locations 

T25N ROlW SOlF New Test Well 
T24N ROlW S06M New Test Well 
T24N R02W SOlE New Test Well 
T24N R02W SllF New Test Well 
T24N R02W S14F New Test Well 
T24N R02W S30A New Test Well 
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POTENTIAL HYDROGEOLOGIC MONITORING 
AND EXPLORATION LOCATIONS 

STR Well ID 

T24NR02E 21B01 
T24NR02E 33J01 
T24N R02E S33P New Test Well 
T23NR02E 10003 
T24NR01E 25Q02 
T24N ROlE 26K05 
T24N ROlE 33L02 

T24N ROlE 33K02 

T24N ROlE 09C02 

T23N R02E S09 New Test Well 

T24N ROlE 31F01 
T24NR01W 35R01 
T24NR01W 36R02 
T23N ROlE 02M03 
T23NR01E OlKOl 
T23N ROlE SOlK New Test Well 

Other Exploratory Peep Test Wells 

T23N R02E S32L 
T23N R02E S07J 
T23N R02E S21R 
T23N ROlE S24G 
T23N ROlE S35F 
T23N ROlE S09L 
T23N ROlE S28M 
T22N ROlE S06H 
T23N ROl W S24R 
T23N ROl W S35G 
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Aquifer 

Clam Bay 
Yukon Harbor 

Wilson Creek 
Port Orchard-Deep 

N. Lake Bremerton-
South 
N. Lake Bremerton-
South 
N. Lake Bremerton-
South 
N. Lake Bremerton-
South 
Gorst Creek 
Gorst Creek 
Gorst Creek 
Salmonberry 
Salmonberry 
Salmonberry 



-------------------
Table III-6 Potential Stream, Precipitation, and Lake Gaging Sites 

Kitsap County 

===================================================================================== 

I sUBAREA 
STREAM 

GAGING SITES 
PRECIPITATION 

GAGING SITES I LAKE I 
GAGING SITES 

===================================================================================== 
Hansville-Indianola Gamble Creek Hansville Miller Lake 

Gravers Creek 
-------------------- ------------------------- ---------------------- -------------
Bainbridge Island Unknown Stream Tributary Winslow 

to Manzanita Bay 
Unknown Stream Tributary 

to Fletcher Bay 

Poulsbo-Bremerton Dogfish Creek 
Clear Creek 
Steel Creek 
Barker Creek 
Steel Creek 
Chico Creek 

Bremerton (exist.) 
Poulsbo 
Bangor 

Island Lake 
Kitsap Lake 

-------------------- ------------------------- ---------------------- -------------
west Kitsap Biq Beef Creek (exist.) 

DeWatto Creek 
Union River Reservoir/ 

Gold Mountain Area 
DeWatto 

-------------------- ------------------------- ---------------------- -------------
South Kitsap Gorst Creek Burley Long Lake 

Blackjack Creek 
Burley Creek 
Salmonberry Creek 
Anderson Creek 
Wilson Creek 
Coulter·Creek 

===================================================================================== 









1--------------------------------
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABI.Eill-10 

WEST KITSAP SUBAREA 

GROUNDWATER QUALITY MONITQRING LOCATIONS 

.s:m Well ID Aquifer 

T24N ROl W Sll llCOl Shallow System 
T24N ROl W S05 05P02 Shallow System 
T24N ROlW S31 31P01 Shallow System 

T24N R02W S24 24A01 Shallow System 
T24N R02W S23 23F01 Shallow System 
T24N R02W SlO lOBOl Shallow System 

T25N ROlW S23 23H01 Shallow System 
T25N ROlW S26 26E01 Shallow System 
T25N ROlW S31 31A01 Shallow System 
T25N ROlW S33 33F01 Shallow System 

T25N ROl W S14 14E01 Big Beef 
T25N ROlW S22 22A02 Big Beef 
T25N ROlW S22 22A03 Big Beef 
T25N ROl W S22 22A04 Big Beef 
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TABLEill-11 

SOUTII KITSAP SUBAREA 

I GROUNPW AIER OUALID' MONITQRING LOCATIONS 

I .s.m Well ID Aquifer 

I T22N ROlE S04 04001 Shallow System 

I T22N ROlW Sll llROl Shallow System 

T22N R02E S07 07P01 Shallow System 

I · T23N ROlE SIO lOPOl Shallow System 

I 
S30 30B01 Shallow System 
SIS 18C01 Shallow System 
S06 06F01 Shallow System 

I S04 04A01 Shallow System 
SOl OlEO I Shallow System 
Sl2 12L02 Shallow System 

I S36 36M01 Shallow System 

I 
T23N ROlW S22 22C01 Shallow System 
T23N ROl W S02 02A01 Shallow System 

I T23N R02E Sl5 15Q01 Shallow System 
T23N R02E S32 32J01 Shallow System 
T23N R02E Sl7 17001 Shallow System 

I T23N R02E S34 34001 Shallow System 

I 
T24N R01 W S34 34001 Shallow System 

T24N R02E SOS OSCOl Shallow System 

I T24N R02E S20 20F02 Shallow System 

T24N R02E S21 21B01 Clam Bay 

I T24N R02E S33 33J01 Yukon Harbor 

I 
T23N R02E SlO 10003 Wilson Creek 

T24N ROlE S26 26K05 Port Orchard-Deep 

I 
I 
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TABLE ill-11 continued 

I STR Well ID Aquifer 

I T23N R01ES9 09C02 N. Lake Bremerton-
South 

T23N R02ES9 New Well N. Lake Bremerton-

I South 

I 
T24N ROlE S31 31F01 Gorst Creek 

T23N ROlE S02 02M03 Salmonberry 

I Strandley Scrap Metal 

I 
Site- Monitoring Wells To Be Identified 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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1. 

SEcriONIV 

GROUND WATER BESOUBCE MANAGEMENT 

STATE FEDERAL AND LOCAL RESOURCE ORGANIZATIONS 

There are numerous agencies at the local, State, and federal level which operate 
programs with the potential to effect groundwater quality and quantity. A listing 
of these agencies, with a description of their jurisdictions and programs can be 
found in Table IV-1 through Table IV-3. On the local level, these jurisdictions 
are divided mainly among Kitsap County, municipalities, and local utility, water, 
and sewer districts. The primary state agencies with programs affecting ground­
water are the Department of Ecology (Ecology) and the Department of Health 
(DOH). The Departments of Agriculture, Natural Resources (DNR), Fisheries, 
and Wildlife play supporting roles in protecting groundwater quality. On a 
Federal level, the U.S. Environmental Protection Agency (EPA), the U.S. 
Geological Survey (USGS), and the Department of Agriculture (WSDA) are the 
key agencies in groundwater protection. These agencies support a wide variety 
of programs which deal with groundwater quality and quantity. A summary of 
their jurisdictional areas can be seen in Exhibit IV-1. 

A. Local Agencies 

A summary of local agencies can be found in Table IV -1 and a matrix of 
responsibilities at the local level for various land use activities which 
could potentially affect groundwater is summarized in Table IV-4. Table 
IV-5 contains a summary of these groundwater management responsibili­
ties. There are several departments within Kitsap County which provide 
primary and secondary support of groundwater related programs. 

(1) BremertonjKitsap County Health Department 

The Bremerton/Kitsap County Health Department (BKCHD) is 
responsible for Class 3 and 4 drinking water supplies and serves as 
an advisory agency for larger public water supply wells. The 
BKCHD is also involved in assessing health impacts of landfills by 
conducting ground and surface water quality monitoring to deter­
mine potential contamination from leachate, permitting of on-site 
sewage disposal facilities, design approval of liquid waste facilities 
(lagoons and holding ponds), and small quantity hazardous waste 
management. In general, the BKCHD provides technical support 
and assessment on issues pertaining to public health. Jurisdic­
tional boundaries include all of Kitsap County. 



(2) Kitsap County Department of Co=unity Development 

Numerous programs within the Kitsap County Department of 
Co=unity Development (DCD) support and/or directly imple­
ment protection of groundwater resources. They develop land use 
plans throughout unincorporated Kitsap County, implement the 
various subarea plans, and create and classify land use and zoning 
categories. Co=ercial and residential building permits are 
issued, the State Environmental Policy Act (SEP A) enforced, and 
sensitive area reviews are initiated. The DCD is also involved in 
water and sewer utility planning and watershed and basin plan­
ning for control of non-point pollution sources. 

(3) Kitsap County Department of Public Works 

Kitsap County Department of Public Works (KCPW) is responsi­
ble for control of stormwater runoff and enforcement of drainage 
regulations and operation and maintenance of sewerage facilities 
throughout the County. In addition, they control herbicide and 
pesticide application on County roads and rights-of-way and oper­
ate and maintain county landfills. 

(4) Other Kitsap County Agencies 

The Kitsap County Soil Conservation District is charged with 
promoting and implementing local conservation programs. They 
play a lead role in agricultural and soil erosion measures to mini­
mize adverse water quality impacts. Kitsap County Fire District's 
primary responsibility is fire protection. However, they do contain 
local hazardous materials response units which respond to 
hazardous materials spills. 

(5) Municipalities 

Incorporated cities within the Kitsap County Ground Water 
Management Plan (GWMP) boundary include Bremerton, 
Poulsbo, Port Orchard, and Winslow. They provide land use plan­
ning, implement their respective zoning regulations within city 
boundaries, and in some cases provide water and sewer service. 
Municipalities also have the authority to issue construction 
permits and initiate planning and policy related to surface and 
groundwater quality concerns within their boundaries. 
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B. 

(6) Districts 

The water and sewer districts located within Kitsap County, and 
their jurisdictional boundaries, can be seen in Exhibit IV -1. The 
water districts provide potable water to customers within their 
jurisdiction. They are primarily responsible for groundwater 
development, protection of source waters, and must insure that the 
supply meets current state and federal drinking water regulations. 
They are also involved in maintaining records on status of supply, 
i.e. water level and pumpage, and control use of herbicides or pes­
ticides on their property. The sewer districts provide collection 
and in some cases treatment of sewage within their service area 
boundaries 

State Agencies 

The primary state agencies involved in groundwater management are 
DOH and Ecology. The WSDA, DNR, and the Puget Sound Water 
Quality Authority provide secondary and supporting roles. A summary of 
state agencies which have programs connected to groundwater manage­
ment can be found in Table IV-2. A matrix of responsibilities at the state 
level for various land use activities which could potentially affect ground­
water is summarized in Table IV -6. 

The DOH regulates drinking water quality, conducts water system plan 
reviews, and approves well site applications. They are also charged with 
investigation of public health concerns related to drinking water contami­
nants and provide support to local health agencies in public health 
matters. They review alternative on-site system applications and provide 
technical information on on-site septic systems' design and installation. 
Ecology is directly responsible for developing groundwater quality stan­
dards and implementation of state activities regarding groundwater qual­
ity and resources, including water rights. Ecology programs which secon­
darily impact groundwater resources include the solid and hazardous 
waste program, underground storage tank program, and point and non­
point source pollution programs. The WSDA issues permits for pesticide 
application on agricultural lands and also provides technical expertise in 
the area of pesticide contamination of groundwaters. The WSDA has 
entered into an agreement with DOH and Ecology. This agreement 
states that the WSDA will provide information on pesticide practices, 
identify problem groundwater areas, and investigate complaints of well 
contamination in agricultural areas. DNR manages state lands and main­
tains programs controlling surface mining activities, chemical vegetation 
control, and regulates state forest practices. The Washington 
Department of Transportation (WSDOT) provides technical assistance 
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on water quantity and quality issues pertaining to stormwater runoff from 
highways. WSDOT also controls use of pesticides and herbicides on State I 
roads and rights-of-way. The Puget Sound Water Quality Authority has 
developed and is implementing a comprehensive management plan for 
Puget Sound and its related waterways. This involves control and I 
management of both point and non-point sources of pollution. 

C. Federal Agencies 

The EPA and USGS are the primary federal agencies responsible for 
groundwater management. A summary of federal agencies can be found 
in Table IV-3. A matrix of responsibilities at the federal level for various 
land use activities which could potentially affect groundwater is su=a-

. rized in Table IV-7. 

The EPA provides technical assistance to the State in the areas of 
groundwater quality and distributes federal funds for groundwater 
programs. They oversee the Safe Drinking Water and Clean Water Acts 
and their Office of Groundwater contains both a wellhead protection 
program and sole source aquifer program. They are also involved in 
review and approval of groundwater quality standards, underground stor­
age tank programs, and hazardous waste and superfund activities. 

The USGS provides technical information on groundwater resources, 
aquifer depletion, seawater intrusion, and groundwater quality data. 

The Corps of Engineers is responsible for activities on or near shore lines 
of all navigable waters and wetlands. They permit construction activity 
and disposal of dredged materials in these areas. The U.S. Department 
of Agriculture provides technical information on non-point source pollu­
tion from agricultural activity and the Agriculture/Stabilization and Soil 
Conservation agency administers federal funds for agricultural projects, 
i.e. waste storage facilities and erosion control. 

In addition, the Suquamish and Klallam Indian tribes have jurisdiction 
over activities on the Port Gamble and Port Madison Indian Reservations 
and had actively participated in the Groundwater Advisory Co=ittee 
for Kitsap County. The locations of the reservations are shown on 
Exhibit IV-1. The Tribes have conducted reservation-wide groundwater 
studies, conducted streamflow measurements, and monitored specific 
wells within their jurisdiction. 

EXISTING BESQURCE MANAGEMENT CQNCERNS 

The Ground Water Advisory Co=ittee (GWAC) and its Technical 
Subco=ittee worked with the Consultants in a joint review of the technical 
issues discussed in Section II of this report. Based on this information, potential. 
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problems and concerns of existing groundwater management practices currently 
affecting Kitsap County were identified. Some of these concerns relate to tech­
nical, institutional, and financial issues. 

Paragraph 1 of this Section summarized the existing groundwater management 
programs and responsibilities of various local, State, and federal entities/ agen­
cies. In general, these programs are being diligently pursued although there 
occasionally is some overlapping or uncoordinated effort. During the review of 
these responsibilities with the GWAC, several categories of concern were identi­
fied that bear further evaluation. The complexities of many of the issues listed 
below suggest that political, institutional, technical, and financial solutions are 
not easily, nor readily, attainable. Much of Grant No. 2 activities will be devoted 
to further evaluation of these issues. 

The major categories of concern regarding improved groundwater management 
activities are summarized below: 

A Data limitations 

B. 

The collection of technical information used in preparation of the 
GWMP revealed several shortfalls in the sufficiency of data needed to 
accurately establish aquifer characteristics and water quality. Specifically, 
existing records available through County agencies, major purveyors, and 
other private water well owners revealed a lack of historical information 
necessary to accurately determine trends for several important items 
including water levels, pumpage, stream gaging, and water quality. Part 
of this problem stems from the lack of wells desired to monitor the 
aquifer found at various geographic locations and depths throughout the 
area. As a result, the GWMP Grant No. 1 activities had partial success in 
detennining levels of background information. 

Therefore, it is recommended that a comprehensive data collection strat­
egy and network of specific groundwater wells be established. Section ill 
provides a recommended monitoring network. The network eventually 
implemented should also be structured to collect data useful for future 
groundwater modeling efforts throughout Kitsap County. Notwith­
standing the need to obtain financing for the startup and maintenance of 
the activities, implementation of this program must be accomplished at 
the local level. However, State and federal agency support is critical to 
ensuring that uniform and consistent procedures and reporting formats 
are created and interpreted. 

Data Management Responsibilities 

With improved levels of water resource information comes a complex 
problem of reporting, recording, and managing this information. This 
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responsibility is one that has been shared primarily by federal and State 
agencies. Their priorities and focus are, therefore, logically at a larger 
scale. 

A computerized database and database management system were devel­
oped as part of GWMP Grant No. 1 efforts. The database management 
system was designed to acco=odate well construction, water !eve~ 
geologic, owner, and water quality data that is co=only collected from 
wells during installation or subsequent sampling. The system in its 
present form provides a useful tool for long-term groundwater manage­
ment. However, the database will need to be maintained over time and 
its data handling capabilities expanded. 

A long-term program for data gathering, reporting, and processing needs 
to be established. The Public Utility District No. 1 of Kitsap County 
(District) has the responsibility for water resource management through­
out the County. As such, the District is assuming responsibility for data 
management and AutoCAD support activities at the local level to facili­
tate the orderly accumulation and management of accurate data. The 
District is pursuing the establishment of computerized data centers with 
utilities and agencies within the County. This approach will be pursued 
during Grant No. 2 and may lead to the placement of computers with 
entities who will routinely report data useful to the monitoring program. 

Other agency responsibilities need to be identified, including who will be 
responsible for data collection and verification. In addition, data 
exchange protocols need to be established so that all agencies responsible 
for groundwater management have adequate access to the information 
gathered. 

The computerized database management system should be expanded in 
the following areas: 

0 

0 

0 

0 

Integrated with Kitsap County databases through the Assessor 
parcel numbering system_ 

Develop procedures for processing water use information. 

Expand the data reporting capability to provide better access to 
the data that is stored in the system_ 

Develop procedures to facilitate linkage between water quality 
data stored within PCSTORET with the physical data contained . 
within the database management system_ 
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c. 

o Develop procedures for storing and manipulating streamflow and 
precipitation data. 

Improved Inter-agency Coordination 

In spite of the fact that this Section has identified several agencies taking 
active roles in groundwater management activities, there is still a lack of 
several important areas of coordinated responsibilities. Some major 
issues addressed by the GWAC are as follows: 

(1) Uniform Well Identification Numbering System (UWIN). 

Presently, there is a lack of correlation between well site location 
information and specific wells. This problem applies to wells 
drilled within K.itsap County and throughout the State. It is 
currently impossible to correlate a variety of important reporting 
forms related to water well logs, water quality results, etc. This 
inadequacy also limits the effectiveness of a database system that 
is linked to digitized computer mapping. 

One proposed solution is to tag the well casing within a UWIN. 
Implementation of a UWIN system would require interagency 
cooperation at the state and federal level in adopting a new well 
numbering standard, as well as a commitment by local government 
to provide enforcement of the program. If possible, UWIN should 
be tagged to all the existing wells through a prioritized schedule 
that may be tied to a condition of property sales, etc. 

Examples of effective programs being conducted in the States of 
Kansas, Wisconsin, and Minnesota, lend support to the recom­
mendation that a UWIN program be instituted in this locality and 
throughout the State of Washington. It is an issue that has been 
jointly evaluated by other groundwater management areas 
throughout the State. No doubt, such an effort will require State 
legislative support and funding. 

(2) Abandoned Wells 

The issue regarding abandoned wells is one of significant concern. 
The magnitude of the problem within K.itsap County is not well­
defined. Discussions with representatives from State and County 
agencies, GWAC members, and public and private purveyors indi­
cate that the existence of unabandoned wells is prolific throughout 
this and other areas of the State. One estimate cited over 250,000 
unused but unabandoned wells within the State. Improperly 
abandoned or unabandoned wells provide an open conduit for 
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surface contaminants to pollute groundwater aquifers. Current 
legislation within the State provides procedures on how to prop­
erly abandon wells, but does not require the mandatory abandon­
ment of wells without documented evidence of health impacts. 

State programs in Kansas and elsewhere have been reviewed. The 
effectiveness of these programs hinges on local enforcement. 
However, program funding is provided by state property tax 
monies or other sources. These funds pay for abandonment costs 
of the well owner. Some states have opted to provide monies 
under a "sunset" clause to well owners. Those who abandon their 
wells prior to a specified deadline are compensated by the state. 
After the deadline, well owners may be penalized and are individ­
ually responsible for the abandonment costs. 

Specific statutes regarding proper abandonment, procedures, 
liability, and funding are needed at the state level to uniformly 
address this issue. It is recommended the GWAC work with other 
committees throughout the State in educating the public as to the 
magnitude of this problem, and building support throughout 
special interest groups and State legislators to correct this inade­
quacy. 

Water Rights 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The review of existing water rights within Kitsap County revealed that 
water rights have been issued to well owners for facilities that may not be f 
still actively operating. The problems associated with this are significant. 
The implication is that over appropriation of water rights will skew I 
knowledge regarding the utilization and availability of groundwater 
supplies needed to meet the future needs of all users. Water right 
conflicts may be further complicated by minimum instream flow require- I 
ments proposed for surface waters on the Olympic Peninsula which are 
included in potential conjunctive use supply programs for the County. 
Conjunctive groundwater/surface water supplies are already relied upon 

1 through the 15 MGD of current surface supply from the City of 
Bremerton's Casad Dam. Ecology has procedures for the relinquishment 
of unused water rights. The review and relinquishment of unused rights I 
needs to be enforced by Ecology and locally supported. 

Aquifer Overdrafts and limitations of New Wells 

A major issue requiring attention in the near future relates to the neces­
sity for placing limits on overdevelopment of aquifers. The study has 
concluded that aquifers within the Gilberton, Manette, and Bayhead 
areas may be approaching their supply limits. The implication of aquifer 
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F. 

overdrafts has a corresponding impact upon surface waters and wetlands. 
Whereas, this does not currently appear to be a regional problem, the 
absence of more detailed information may yield different conclusions 
once more fully evaluated. It will be important to establish what is an 
acceptable limit of aquifer drawdown and during what conditions should 
overdrafting occur, if at all. Decisions need to be rendered regarding 
acceptability of aquifer overdrafts for peaking purposes, or extreme 
droughts, as opposed to sustained and continuous water level drawdowns. 

Conjunctive Use/ Artificial Recharge 

Demand forecasts prepared by the GWMP indicate that groundwater 
supplies may be sufficient to meet future requirements of Kitsap County 
if large quantities of groundwater can be developed in the West and 
South Kitsap areas. If these supplies are not available, a conjunctive 
supply program will be needed to effectively meet future supply require­
ments. 

The District and City of Bremerton have filed water right applications on 
the Olympic Peninsula's Duckabush and Hamma Hamma Rivers, respec­
tively, for 100 cfs (65.6 MGD), with Bremerton having another 10,000 
acre feet for storage on Jefferson Creek. Minimum instream flow regula­
tions previously proposed by Ecology in WAC 173-516, lnstream 
Resources Protection Program- Skokomish-Dosewallips Water Resource 
Inventory Area (WRIA 16), would eliminate the ability for either the 
District or the City to utilize these water rights. The domestic supply 
capacity from the Hamma Hamma River has been estimated to be 
approximately 70 MGD for average flows of 100 MGD for peaking 
purposes. Capacity estimates for a similar . facility constructed on the 
Duckabush River are approximately 65 MGD. 

Aiding in the conjunctive use strategy is the possibility of artificial 
recharge. Artificial recharge would be accomplished by injecting surface 
water supplies into groundwater aquifer systems during winter months 
when surplus stream flows exist. Stored waters could be withdrawn 
during peak demand periods to meet short-term instantaneous require­
ments. These instantaneous requirements generally occur in summer 
months when surface supplies are at their minimum. Whereas the 
combined conjunctive use/artificial recharge concept appears to pose 
benefits to both instream and out-of-stream users it poses several signifi­
cant questions regarding technical and administrative issues. 

The hydrostratigraphy and groundwater geology of a selected artificial 
recharge site must provide the proper qualities to allow the injection, 
storage, and withdrawal of water in an efficient manner. Grant No. 1 
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activities of the GWMP did not establish sufficient information to 

I 
I 

recommend specific artificial recharge sites. However, site-specific inves- I 
tigations are required before the suitability of any site is established. 

The co-mingled condition of surface and groundwaters also presents I 
potential water right questions regarding point of withdrawal and point of . 
use disputes. In addition to the quantitative issues, qualitative issues must 
be addressed regarding the co-mingled water chemistry of surface and 
groundwaters. Aggravated iron and manganese concerns, oxygen content, I 
organic concentrations, pH adjustments, and several other chemical 
parameters of interest need to be specifically evaluated at each site. J 
Further detailed studies are required in order to fully analyze artificial 
recharge as a viable supply option. 

G. Public Education/ Awareness 

The lack of attendance at GWMP public workshops, as well as other 
public meetings for regional resource activities in Kitsap County empha­
size a lack of information or interest by the public on water resource 
issues. Recent drought conditions in 19TI did help to draw attention to 
this matter. However, the lack of severe contamination or resource limi­
tations make it difficult to obtain active participation by wide-spread 
groups of citizens in a preventive program. 

The GWAC feels that education and public awareness is vital for several 
obvious factors, including support for proper funding and administrative 
controls, where needed, to protect aquifer recharge. Intensive programs 
in conservation, stormwater management, land use controls, household 
waste management, and other examples of resource protection will 
require support by local citizens, as well as legislative and economic 
incentives to see that implementation occurs. Financially, an educated 
and supportive populace is critical in developing and maintaining proper 
levels of funding at the local, State, and federal level to implement and 
maintain water resource protection and management programs. 

BESOVRCE MANAGEMENT ISSUES AND STRATEGIES 

During Grant No. 1, the GWAC obtained additional citizen input regarding 
resource management issues at a Groundwater Fair and at GWAC Committee 
meetings conducted throughout the County. This input has been used to prepare 
a list of issues shown in Table IV-8 which supplements the items discussed in 
paragraph 2. The Policy Subcommittee has met once to review the citizen input. 
The list is dynamic and subject to further modification by the GWAC. Eventu­
ally, policies will be developed, adopted, and certified by the GWAC during 

IV-10 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Grant No. 2 activities. The intent of these policies will be to provide procedures 
and guidelines for local, County, and State agencies regarding groundwater 
resource management programs. 

The County has authority, under SEPA (Chapter 43.20C RCW) and the 
Planning Enabling Act (Chapter 36.70 RCW), to control development so as to 
protect groundwater. However, conditioning or denial of permits must be based 
on specific adverse impacts. Furthermore, reasonable mitigation measures must 
be set forth, or, if no mitigation exists, reasons why impacts are unavoidable 
must be stated. 

In general, the data collected from the GWMP Grant No. 1 activities is not suffi­
cient to address site-specific issues. A much more extensive site specific evalua­
tion should be expected in order to provide detailed policy decisions which could 
significantly alter previously approved site-specific land use decisions. 
Nonetheless, Grant No. 1 activities of the GWMP does provide a good indica­
tion of where key sensitive areas are located. These vicinities are described in 
Section ill. Therefore, in these areas, it may be appropriate to require more 
detailed investigation of groundwater aquifer impacts prior to approving a 
proposed activity. Continued data refinement is needed in many of these areas 
to render these decisions. 

Solutions for Resource Management Concerns, identified previously for Data 
limitations, 2A, and Data Management, 2B, need immediate attention. The 
need to collect additional data was well documented in Grant No. 1 activities. 
This led to the monitoring and data collection recommendations presented in 
Section ill. Continued data collection should not be deferred until completion 
oftheGWMP. 
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- - .. - - - -
Name of Agency 

Description of Agency's 
Area(s) of Jurisdiction 

LOCAL 

l<itsap County Commission :Kttsap County 

Kitsap County Public 
\larks Oepa rtmen t 

Bremerton/Kitsap Health 
Department 

:l<itsap County 

:Kltsap County 

Kitsap County Department :Kitsap County 
of (oqmunity Development 

- - - - -
TABLE IV-I 

KITSAP COUNTY AGENCIES/CITY GROUNDWATER PROGRAMS 

Controlling Documents, 
Statutes or Ordinances 

Description of Activities 
Potentially Affecting GW 

:WAC 173-100-090, RCW 90.44.410:Enactment of ordinances and 
:Washington State Constitution :regulations governing 
:RCW 36.70 :protection of ground water 

:resources 

:RCW 36 
:RCW 70.95 

:RCW 70.05, 70.12, 70.118 
:WAC 173-303, 304, 160 
:WAC 248-50, 54, 84. 96, 98 

:Road Construction/Maintenance 
Herbicide Application 

:Drainage system construction 
: and maintenance 
:Sanitary Sewer Construction 
:Stream Gaging 
:landfill Operation/Maintenance 

:Regulatory and Advisory 
:Water System/~ell Sites 
:Sewage Disposal 
:Solid Waste Permits 
:Sludge Application sites 
:Conduct ground & surface water 
:monitoring at landfill sites 

:Zoning Codes, Subarea Plans :Implementation of Kitsap 
:Land Development Standards :County Subarea Plans 
:Comprehensive Land Use Plan 
:SEPA 

:Develop land use policy plans 
:Develop zoning plans 
:Basin planning; including data 
:analyses, recommendations for 
:projects, land use changes, 
:regulations, and water quality 
:programs. 

- - - -
Names of Programs or Projects 

in Kitsap County 

:Subarea Plan review 

:Drinking Water Program 
:(Primacy for systems with less 
:than 25 connections) 
:Liquid Waste Program 
:Solid Waste Program 
:Hazardous Waste Program 

:Central Kitsap Subarea Plan 
:South Kttsap Subarea Plan 
:Bainbridge Island Subarea Plan 
:North Kitsap Subarea Plan 
:Zoning Plan for Kitsap County 
:Basin Planning Program 

-



- - -
N8111e of Agency 

- -
Otlctlptlon of Agency'• 
Attl(l) of Jurltdletlon 

- - -
Control ling Ooc:unentt, 
Statutes or Ordl~ncea 

- -
Description of Activities 
Potentially Affecting GV 

- - - -
Namet of Progr.ms or Project• 

In Kltaap County 

-
Kltttp County Public 
Utility Dhtrlct It 

tServlce arett In North Klteap :ACV 57.08.010 :Source Development 
:Herblclde/Peatlclde use 

rServlce Area boundar lea 

Sewer Dhtrlctt tServlce Area boundaries 

Chits 

Kftltp Sail Conservation t 

Dhtrlct 

Puget Power 

tRCV 57.08.010 

:RC\1 56.08.010 

:Source development 
:Herblclde/Pettlctde use 

:Sanitary sewer construction 
:and •lnten8nce 
:Vastewater treatment plant 
zoperatlon and .. lntenance 
aHerblclde/Peatlclde usa 

tSOUA (Pl 91-521) :Vater Source development 
:Rulee & Regulatlona of State rHarblclde/Pestlclde application 
aBoard of Health/Utter Suppllatson city propertlea 
tMWII cl pel OrdiMncee 
1RCW 56, ICV ]5.67.010 
IIC\1 35.67.0ZO 
:Weter Syate. Comprehenelve 
:Veter end Sewer Ca~prthenslve 
1Plan1 (where eppllcable) 
:Zoning Plena 

:ICW 89.08.005, .010, .200, 
.210, .2ZO (encloted w/ 

rZonlng 

:Commerlcal fer• and ... 11 
landowner ••rvlcet In fltld 

1 Iurvey) and hc:..t dreiMge, anl•l 
1USDA Sail Con.ervetlon lervlce: waste control, pasture 

grass l~ravenents, -.nure 
eppllcatlon, fencing and 

: erosion control. 
IAIIIttl landowner, locel 

organlz•tlons and egenclee 

:Electric Utll.-lnvestor Owned 
zfuel Storege Janka a Servlct 

Center and SY Generation 

I 

:Jnton.atlon!Educatlon 
I long Tera Agreements/Conservation 1 

:MIA 

: Statton, Substation lr.,....for•n: 
:Herbicide/Pesticide application on: 

rlght·of·way 
···-·····---------------- ---------------·-············· ············-················· ··-··············----·············· ·······-·······-----··-·········--· 

-



- - •• 
Name of Agency 

Fire Districts 

- - -
Description of Agency's 
Area(s) of Jurisdiction 

:Throughout Kitsap County 

.. - - - • - -
TABLE JV-1 continued 

Controlling Documents. 
Statutes or Ordinances 

Description of Activities 
Potentially Affecting GW 

:RCW 52, 9A.48, 39.96, 46.16 :Response to and reporting of 
:and 70.10S :hazardous materials spills 

- - - -
Names of Programs or Projects 

in Kit sap County 

:Emergency response program for 
:Hazardous materials spills 

-
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CATEGOIHES 

--- -
TABLE IV.-4 

KITSAP COUNTY AGENCIES/CITY 
GROUND~TER RESPONSIBILITY MATRIX 

LOCAL 

- - - - -
L • Lead Agency 

S • Support Agency 
: Commis- :Xitsap County : Brao-Xitsap :Xitsap Co.: Cities :Kitsap Co.: Fire Sewer : Water : Xitsap : Puget : 
: stoners :Public Works : Health Dept. : · DCO :Cons.Oiat.:Diatrtcta :Diatricta:Ofstrlcts: P.U.D. : Power : 

Air Pollution 

Agriculture Csee Irrigation) L 

Aquifer Depletion/Overdraft s s s s s 

Commercial/Industrial Sites s s L L 

Diking and Drainage L s s L/S 

Drinking Water Program L s s s 

Dredge Spoil D foposel s 

Energy Generation/Transmission: L L 

Fire Protection L 

forestry Management/Practices s s s 

Gravel Pits s L 

Hazardous Waste Management L s s s 

Irrigation s 

Lagoons/Holding Ponds L\S L\S s 

Landfills L\S L\S 

Land Use Classification s L L 

Liquid Waste (see lagoons) L L\5 

-



- - - - - - - - - ., ··- - -· - - -
CATEGORIES 

l = lead Agency 
S • Support Agency 

Mining Operations 

Seawater Intrusion 

Septic Tanks 

Shore lands 

Sludge Application 

Spill Control/Prevention 

Solid Waste Handling 

Stormwater/Surface Runoff 

Transportation Cooridors 

Underground Pipelines 

Underground Storage Tanks 

WasteNater Treatment/Disposal 

Wells\Water Rights 

Other (Not listed Above) 

TABLE IV-4 continued 

LOCAL 

: Commis- :Kitsap County: Brem-Kitsap :Kitsap Co.: Cities :Kitsap Co.: Fire Sewer Water : Kitsap: Puget : 
: sioners :Publtc Works : Health Dept. : OCD :Cons.Dist. :Districts :Districts:Oistricts: P.U.O. : Power : 

s s l\S 

L 

l 

s s l L 

s l 

s l L\S 

l l 

l s s l 

l s s 

l\S s 5 

l l\S l L 

l L\S l\S 

-



- -

,, .. _..., 

Air Pollution 

Agriculture ''" 
lrrlptlan) 

~lfer o..,tetlonl 

Ow't"*eft hH 
~ter) 

c-rctalJIIGatrlat 

lh• 

Dllclrw end Dralnqe 

Drlnkl"' W.t.,. Protr• 

Dredge Spoil DllpOHl 

.. - -

Actlvhr 

' , ........ 
;St .... 

:11onhorl111 
...... uu,.. 

• 
:D•I~Mtlan 

aPerat ntrw 
aPeralttlne 

• 
allta Plan lwiMI 

afire Protection 

' :Dr ... and fill 

' aAppro\lail of lpt-

atlonltortne 

IABlE JV·5 

LOCAL/UAIE/fEDERAL 
GllOUIIDWAJEl MIIAIOE.-ENJ lf$fON$181LillfS 

Lead Agency 

:EPA ,......,. 
......... ·-
' 
aDept of Agriculture/ 

AfriR.!I tural Sub I-
Uutlon lervic:e 

:Ecolotr erd EPA 
alcolotr 

"'"'"" 
' ··-athl• 

aCorp of Erel,..,.. 

' .... 
'''""" 

' 
:U.S. Dtpart_..t of 

:Agrlcutura/SCS 
:PiWA. 

'""' "CIICD 

'""" afire flarahal l 

I EPA 

' 

Cootrot I inti Docu.nts 
Statl.ltei, ot Ordii'Minen 

:CO...ral lqulatiOOl for Air Pollution 

:5ourca WAC 111-400 
:federal Clean Air Act 

:Wa&blreton tlun Air Act 

;E•I .. too Stardllrdl WAC 17J·490 
:Open aurntre WAC 111·425 

:ASCS fllldlng 

:Section 1424(e) of SDIIA 

aWater llebta • eta. 90.14 ICW 

aGriU'Id Waler ~~ Ar"a erd 

a Proer- • a. 173-100 ~ 

' al:tt .. p CCUity ,.....,._,..,. PI en 

:kbllru Pl-
:teunlclp.l Codes 

• 
:Safe Drl'*lne Watar Act and 1986 

:"-'ddlanta 
:luln and leg~.~letiCinl of State loard 

:of ••alth latardlne PWllc water 

:SI.Ipplln th 248·54 WAC 
:1'\bllc water Sy.t- • ten. W'ld 

:1-.A at ion of 4a&ratora Cb 10.119 ICW 

:Water ,,..,. Coordln.tlon Act 

:24!·S6 WAC 

aPeNiutre :Erwtror--.tel llaarlnea ~••• lllking and Drain~tge Mlove) 

:Office 

- -· - •· - - - -

Projecti or Proer-

:c-rclal PeNita 

:SEPA 

- - - -



- -

fire Procection 

foratry.........-t 

Prectlc. 

lrrl11tlon c ... ....... ..... , 
LIIIOOM/IIoldlne -
L8ndflll1 ( ... 
Soltcl ...... , 

- - -

Ac:tivhy 

' 
:Mitl .. tlon 

' 
cMonltorlfll 

aCie.n-up 
,,.,.lntne 
atr.wporcl,.. 

' .,.,..,u,,.. 

' ID .. tgn Approval 

' 
aPINittl ... 
;Monitor I,.. 

-

TABlE 1¥-S continued 

lead Agency 

:fire Dlatrlcu 
zflre Merahall 

' .... 

alPA end Ecology 

rUA end EcolotY 

alcoloer 
IIGOLOVY 

' 
IIColotr 

• 
... till 
:DOll, fcolOI)' 

•<CPU 
1lcotoer 

- -

:Soli ear.erv.tlon 
IDistrlct 

atrwl""-'t•l llerl...­
:oftlce 
:PSWQA, Dept. of WI ldll fe 

=~ .... lind '"'''-
lndilf'l Tribes 

...... 
11rw • ...,.,,... Office .... 

:Soli CC...erveUon 
:Diatrlctl 

... tiD 

ztrw • ...,.,,.. Office 

- -

CMtroll ing Doc..aenu 

Statute•, or ordin.rw;" 

:ISO St.,..,.rdl, Unifore fire Code 

:•ffA Sterderdl, Weter Syst• 

:CoordinetiM Act, fin flow le•d•tlon 

:Ch 248-57 WAC 

:IC\1' I and WAC' I 

:£rwir~tel lleerlflll Office 
:01 41-211 ICW 

:CEICWU.U S.Ctlon 120 

:Meurctot.. weete ~~ 
1Cb 70.105 ICW 
ID .... ro.. .. IIU tegul It lont 

:Ch 175-303 WAC 

:flft.l 

'"''" :Ninl- flrletlonll Stende ... 

:for Solid w..te llllf'dllne WAC 173-304 

' :Soil Con .. rvetlon Dbtrlcll 

:Ch. 89.01 tcw 

aNini- flrletlonel lt.ndlrd& for 

zSolld w..te Nerdllng WAC an-:sor. 

:Mererdoua We•t• ~t -
:Cb 10.105 ICW 

:D_...r_ W.ste l~~~~o~letlor. • 

:Ch 171•10] WAC 

:Stete W1111 Dladler .. ,.,..,,, 

rWAC 171•216 
:liPDU • WAC 173•iUO 

Proj~t1 or Proer-

:k.pert~ 

dl•nrctot.. We•t• Msnae.-.nt 
1l11lonel Dlatrtct 

' 
:U» IWure P«D/WIIdl If• Pardi 

·- ... - - - - -



Lllnd U.t Cl .. alflutlon 

Liquid U..ts , ... 

L__.end ..... ) 

Mlnll'lll Dpentl-
(Grawl Ph•) 

ht:tlcl .. /hrblcl .. 

~ 
~ 

S.lt ... ter lntnalon 

-. ...... 

- - - -

alonlfll a...., 
IPL• a.ndlltnt• 

,,.,.,u,.,. 
dlonll:orll'lll 

' lilt• Aflpr'0¥81 

:It lf'ldsnk 
aMonltorlne 

ao\A)llcatlon 
:Diapoaal 

' 
llt..-na 
,,.,.tutne 

' 
lkilstllf'ltlal 

1Dn. Peralt 
:Mitl .. tlon 

' aPeralttlne 

a Mont torlne 

- -

TABLE tv~s conth..:J 

'"""' aCUI• 

..... 
alcolOir .... 
·-'"""' ' 
aEI'A/lCOIOI)' ·-·-· of Aarlculture 

:Ecoloer ·-.... 
IICOIGfr. DC* ·-' 
aCol.nty to&n: II 
alcOIOQ' ··-...... 
alcolon" 

- -

' 

Control I ine Doc-.u 

Stauan. or Ordil'loltlC. .. 

:Kiusp Ccu!ty CoqM"ehenslw Phn 
:St.ar•• ,,_ 

:Zoning Codes 

:fU'Iicl~l CodH 

' 
aon·llt• s._.. Dlapoe.al - wac 246·95 

Projecu or l'rO(Ir.._ 

:State lard ~t 

:Surt.n lllnlllllil 

rWIU bt-lon :Dsneei"OIA W.ne htulatiOf'll WAC 173-ID :P .. tlcldll 1-statratlon 

'""" 

...... 

.... 

:Protection of Wlthdr-•t faciUtlea 

1 Aaloclatltd Nhh C:riCU"'ddlater lithta 
: YAC 111~1S0 

:lm, Maarlngs Oftlc.a :Shoullne "-leMnt Ch. to.Sa ICV 

:Dn. Dept. of Vlldllta 

' 
1EPA 

' 
:Solid w .. ta Manat_..t ICV 10.95 

1Minl- hn::tlgnat StandanM tor 

Solid waata llendllne WAC 17J·:JG4 

:fadllral Clean Water Act 

awater Pollution Control Act • 

0. 90.41 ICU 

- - - - - -

:P .. clcldu In lir-.a..tu Survar 

:Aerlcultural t~lc.ab In 

: Gr-...ter S...-vay 

:Aerlc.uhiM'al Ch•lcala lind 

: Pllnt krvlce1 

:U.•Iul Yettetatlon [QltrOI 

- - .. - -



Control I ire Ok~t• 

eao....,. Actlvhy Le8d Agenc;y ~t Agency St•tutH, or OrdinwKcl Projccu. or Progr-

• 
Soli Erotion Control .,.,..,,. :DMI :Cltpt. of Ag./ASCS 

:tcna.rv.tlon Diltrlct 

:EcolotY, DOT, PSWA 
:KCDCD 

:KCPV 

Solid wnte llendllre aPetwlta "'"" :EPA, EcolOfY :lt•u W.lte DhflDI•I Act of 1UD 

•Operation llMOUtce c-•rv•tlon llf'd leccwery Act 

Jllonhorlre :Mini- fwx:tl-1 5tenderck for 

Solid Vute llendHnt • WAC 248·54 

Spill Control/Prenntlon 1ECOIOI)' 1EPA 

:IU:ND 

• • • • 

~ 
ltor..eter/lurface ,,.,..It ...... :EPA, Dept. of Asrlc. • IWiter Pollution Centro! Act 

lu-»ff :lcolow :Corp of EfWinnn, • 01. 90.48 ICW 
,,..,..,, Den, fleherl" :Polluthn Dbsol-ur• A~;t 

:lnw. Menlnp Office ' 01 90.52 ltv 

:hpt. of Ae/ASCS :1:1111 Cculty DrdiNnl:• 7590 
,,,,.. Ccult Cock 9.8 

Tr....-tellon ... , lllfW Cculty Code - ""· 12, 14, 11, 19 

Corrldcw"t '"''"' :101 70.95 ...... :ICV 36 

• • 
Un::teraround PlpellnH ,,,.,..., •• ,.,..tta :Ecology tlfiEC 

• ' • 
Un::tefiNIU'ld ltor ... Tria ,,.,.htlrll :lcolow, ... :Erw. ""''hi& Office •mA 

:Monitor It'll :llCID :Wit•r Pollution Control Act 

• 01. 90.48 ltv 

:ld:•rdoul ., .. ,. ~t 

:Cil 70. lOS ICW 

Water Pollution ·-· :Ecolou :EPA :Witcr Pollution Control ... 
:te,..tntre :U:CII) '"'" ' Oro. 90.41 ICU 

1Monltorlre cS.f• Drlnklnt W•t•r .let 

ICI ... W.tcr Act 

1St•t• lode ~t.-.:et Act 

- - .. - - - - - - - - - - - - - .. .. -



- -

Ac:tlvlry 

V..tewatar 1,...-.c/DIIfiOUl aApprov•l• 
alklnl tortne 

Willi• 

- - -

• 
a&tcu'ldwster 
tiUrfsce W.tar/ 
I ltr ... /LskM 
tWIItlllr'ldl 

;Appllc•tlon ,,.,.,t. 
tC•rtlflcstn 

• 
1Abendaned w.na 
1CGNtruc:ttan It•. 
;InJection W.lh 
tPe,.tta/llth• 

- -

TAIL£ IV·5 Conti~ 

• 
•IUID 

aEcolot)' 

IECGIOty, ICCtiD 
IICCJIOty, ICtDCD 

• 
IICOIOty, (CDC» 

IECOlOfY 

• 
llectlOIY' 
tlcolOI'( 

1Ecology 

aootl, llCID 

- -

.... 
:lrw. hstlntl Office 

• 
:USGS, CCDC», J:CPW 
trl .... rln, eMil, PIWI:IA, 
tlPA, Wildlife, USDA/SCI 

• ............. ard l:l•ll• 
lndl• TrlbH 

1£PA, llaiD 

;EPA, KCtiD 

tlPA, U:CIID 

tfcology 

.. 

Control It._ Doc...-nta 

Stuutn, w Or-diii\W'IC" 

:D.,..ro..- w .. te h~&oll•t luna 
t WAC 17J·l0l ; 

tMatlunal Pollut.w'll DIKbaree fli•ln.tlanr 

1 lyn• Pe,..lt Progr• • WAC 173·220 
tNinl- functional lt_.rdl for 

t Solid Waste Hlll'ldllre- WAC 17J·J04 

• 
:legulatlon of Pl.bllc Gri!Ud w.ur 
1 Ch 90.4/o IQI 

:Water leaourcn Act Ch 90.$4 101 

;Water llghtl Ch 90.14 ICW 

:Protsctlon of WlthOr .... t fac:tlltie• 
; AIIOCiaud t~ltb 'rcu·dwster 
t lights WAC 17J·150 

• 
tW.ter well c-truetton Ch 11.104 lQI 
;Protection of Upper Aq.~l hr z-a • 
: a.. 17J-1S4 WAC 

:Ninl- ll.,.rdl for Cclnltrur;tlon end ; 

; ... lnt.,..,..,.e CJf W.l11 • tb 11l·160 WAC 1 

:lqulatlon lll'd uc-tne of w.ur 

Wet I tontrKton ard Cpenton 
eft 173·162 WAC 

- - - -

Projecu or Proer-

- .. .. -
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CATEGORIES (1) 

TABLE IY-7 
FEDERAL AGENCIES 

GROUNDWATER RESPONSIBILITY MATRIX 

FEDERAL 

-----------------------------------------------------------------------------------------------------------
L • Lead Agency (3) •• Dept of : Corp of : 
s • Sl4>J>Ort Agency (4) :: Agril :Eng1neers: EPA 

:: 

FilMA SCS : USGS 
Suquamioh ond 

Klell011 
Jndhn Tribes 

-----------------------------------------------------------------------------------------------------------
Air Pollution :: L .. 
Agriculture (lee Irrigation) :: s s s 

:: 
Aquifer DepletiontOYerdraft :: s s 

.. 
Coomerclol/lndultriol shoo :: 

.. 
Diking ond Droinoga :: L s 

.. 
Drinking "•ter Progr• .. L\S 

:: 
Dredge Spoil Dhpoool .. L 

.. 
Energy Generatlon/Tranutaston:1. 

:: 
Fire Protection :: 

.. 
Forestry Managament/Practicea :: s s 

.. 
Grovel Pita .. 

. . 
Haza~ "•ate Management .. L\S 

. . 
Irrigation .. 

:: 
Lagoons/Holding Ponda .. s s 

- - - - - - - - - - - - - - - -
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CATEGORIES (1) 

TABLE IV-7 
FEDERAL AGENCIES 

GROUNDWATER RESPONSIBILITY MATRIX 

FEDERAL 

---~-------------------------------------------------------------------------------------------------------
L • Ltod Agency (3) :: Dept of : Corp of : 

S • "'-'t Agency (4) :: Agrll :Engineers: EPA 
:: 

SCS : USGS 
s-ish ond 

Klellom 

Indian Tribes 

-----------------------------------------------------------------------------------------------------------
Londflllo (oee SOlid Uoattl :: L\S 

" Lond Use Clooolflcotlon :: 
:: 

Liquid Uute (oee Logoono) .. L\S 
. . 

Mining Operotiono :: 
:: 

Ptoticldoi/Htrblcldoo :: L\1 L\1 L\S 
:: 

Seaw~~ter Intrusion .. s 
. . 

Stwegt Ullte Dloposol .. S/L 
:: 

Shorelondo :: s 
.. 

Sludge Appllcotlon .. s 
. . 

SOH Erosion Control :: L\S 
.. 

Spill Control/Prevention .. s 
.. 

SOlid Uoote Hondling :: s 
.. 

Stor.water/Surface Runoff .. s s s 
. . 

Tr-totlon Coorldoro :: 

-----------------------------------------------------------------------------------------------------------

- - - - - - - - - - - - - - - -
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CATEGORIES (1) 

L • Lead Agency Cl l 
s • SUpport Agency (4) 

:: 

TABLE IV·7 
FEDERAL AGENCIES 

GROUNDWATER RESPONSIBILITY MATRIX 

FEDERAL 

•• Dept of: Corp of : 
:: Agrll :Engineers: EPA : FaHA 
:: 

scs : USGS 
Suquaqi sh and 

Xlol1011 
Indian Tribe& 

-----------------------------------------------------------------------------------------------------------
Urdorgrou>d Plpollnea :: 

:: 
Urdo111rou>d Storege Trio :: L 

.. 
Wastewater TreatmentJDfaposal .. S/L 

:: 
Water Pollut ton ; : L 

.. 
Water Resources :: 

GrCM.rdwater .. s s s 
Surface Weter/Stre.as/Lekea :: s s .. s s 
lletlendo :: L s s s s 

.. 
llellotwoter Right& :: s 

H ' 
Other (Not Llated Above) .. 
-----------------------------------------------------------------------------------------------------------

- - - - - - - - - - - - - - - -
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TABLE IV-8 

K.ITSAP COUN1Y 
GROUND WATER MANAGEMENT PLAN 

GROUNDWATER MANAGEMENT ISSUES (1) 

Education Programs in Schools 

Landfills and Hazardous Waste Dumping Practices 

o Fertilization and Herbicide/Pesticide Practices 

0 Salt Water Intrusion 

0 Wetlands Preservation 

0 Water Use and Conservation Practices 

0 Stormwater Runoff and Improved Erosion Control 

o Wastewater Irrigation 

o Reduced Recharge from Development 

o Well Drilling Activities in Recharge Areas 

o Well Abandonment Procedures 

o Inadequate Aquifer Recharge Protection Measures 

o Adequate Protection for Shallow Aquifers 

o Protection of Existing Wells From New Well Development 

o "Mining" Aquifers 

o Overdevelopment of Aquifers 

o Water System Expansion without Adequate Resources 

o Coordinated Water Resource Management 

Note: 

(1) Issues provided by citizen input at GWAC Groundwater Fair and 
Committee meetings. 

IV-33 
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Kltsap County 
Ground Water Management Plan 

El~ .. .. 

Map Legend 

MUNICIPAL BOUNDARIES 

0 

NAVAl F'ACIUTIES IOUHOARIES 

INDIAN ltESE.VATION IOUHDARIES 

WATER S£JMCE AR£AS 

-
SEWER DISTRICT BOUNDARIES ~ 
FIRE DISTRICT BOUHOARIES - ··-··-

9 

.......... 
I 1 I 4 

w 
N "' . 

1.28 N 

1.27 N 

T.27 N 

T.26 t~ 

T 25 ~4 

1.23 N 

T 22 N 

EXHIBIT IV-1 
JURISTDICTIONAL BOUNDARIES FOR 

KITSAP COUNTY GWMP 
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I Private Letter RDbinloa &; Noble, Inc. 
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RDbinsoa, Roberti "' letter to the Seattle Yacht Oub oonc:emina 1964 

Aooociateo, letter to the Port Madiooa WelL 

I the Seattle Yacht Cub. 

Published Report Slate of Wubinatoa. M. E. Gllliq, llld Dee Water -....llld aeoloiY of the Kilaap 1965 
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I 
Re.lurceo. 
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I RAJA WE SOt,;RCE AL1Ji0RJAGENCY IIIJ,E.IDE'SC1WJJON 'iE,\R 

HYDROGEOlOGY (continued) I 
Private Repon Robin100 &. Soble, Inc. Robinloa • Roberta. Result. of deep teatina at the head ol i96i 

prepared for the Town E&&le Hatbor [O< tbe Town of Winalow. 

I ofWinalow. 

Private letter Robinson &. Soble, Inc. Robinloa • Roberta. Letter to An.n.apotia Water Diltrict 1968 
letter to tbe Amlapolia deocnbin1 tbe redeoelopment ol Well 6. I Water Diatrict. 

Private Report Robinloa .1: Soble, Inc. Robinloa • Roberta, Ground Water Study [O< Annapolia • 1969 I proparod for A •••pol» • Muc:bealer Water Diltricu. 

Mancbealer Water Diltri<t. 

Private Report Robinoon .1: Noble, Inc. Robinloa 1: Roberta, Report 10 Kitaap Public Utility D»trict 1969 I proparod fO< Kitaap County No. I on tbe Gi1bertoo Well No. I. 

Public Utility D»trict 

I No.I. 

Private Report Robiaaoa 1: Noble, lac. Robinloa 1: Roberta, Report 10 Kitaap Public Utility DWrict 1969 
proparod for Kitaap County No. I on P""'Dd water potential in tbe I Public Utility Diltrict No. IDdiaaol.a Area. 

1. 

Private Report Robinloa 1: Noble, lac. Robinaon 1: Roberta, Coutnictioa aDd recommendationa, Town of 1971 I proparod for the Town of Winllow'o Bay-Head WeD #2. 

W"-. 

Private Letter RobiDIOn ic Noble, Inc. Robinloa 1: Roberta,letter Letter coacemin1aa enluation of the 1971 I 
to tbe Ncxtb Peny A.,.,ue Gilbenoa Spriq. 

Water Diltrict. 

I 
Private Letter Robinsoal: Noble, lac. 

-· Roberta, letter 
Letter 10 the Camp FU'O Girll concemin1 1971 

10 Seotllo • Kiq County the ezilliJta Dupar Camp well 

I CouaQI ol the Camp FU'O 

Girlo. 

Private Report Robinloa 1: Noble, lac. Robi- 1: Roberta, Coutnictioa aDd teotilliolWeU No.ll. 1971 I prepared ror the Annapoljl 

Water Di1trieL 

Private Report Robinaon 1: Noble, lac. Robinaon 1: Roberta, Coutnictioa Report on the Suquamiab Teot 1971 I p....,- for Killop Public Well No.I. 
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I Private Report Robinaon 1: Noble, lac. -·Roberta, - ol- drilliq iD the Suquamiab 1971 
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Utility Diotrict No I. I 

Private Report Robinloa "' Noble, lac. Robinaon a: Roberta, Report 10 Kitaap Public Diotrict No. 1 on 1m 
proparod for Kitaap Public - drilliq aDd well completion for I Utility Diotrict No. 1. Jodie""""• Well No. 1. 
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I HYDROGEOLOGY (continued) 

Private Letter RobiiUIOn &. Soble, Inc. RobiDJOn &; R.Dberu. Letter concernina a pump test at tbe t9n 

I 
letter to Bun Well Bremcrtoa Eut Golf Course. 

Drilling. 

I 
Private Letter Robinson &: Soble, Inc. Robinson &:. Soble, letter Letter coocemina: resuJtl of test drilling 1973 

to Kitsap Public lJ tility of Kinptoa #2 IJid l.&lllld U:nter #I. 
Diatrict No. 1. 

Private Letter Robinlon &. Soble, Inc. Robinma A. Sobie, letter Letter to MaDCbeater Water Oiatrict 1973 

I to Manchester Water deecnbiD& iuterfereoc:e between Manchester 

Diltric:t. Water Diatrict WeU 4 IJid the StockweU 
Community Well. 

I Private Letter RobituJOn A:. Noble, Inc. Robin&OD &. Noble, letter Letter to Greco Utilitiel de.:ribina tesll 1973 
to Greco Utilitia Inc. oaWeUalllldl. 

I Private Report Robinson &. Noble, Inc. Robinloa .t Noble, Coa.tructioo Report of W eU 4, Mandl .. ter 1973 
prepared for Mandleoter Water DWric:t, Kitsap County Wuhinii'OO. 
Water Diltrict. 

I Private Report Robinloa .t Noble, Inc. Robinloa .t Noble, Coaatnactioa IJid teotina of Scenic Beach 1973 
prepared for Wuhinll'on St.te Part WeU No. 2. 

I 
St.te Parl<a IJid Recreation 

Commillioa. 

Private Letter Robinloa .t Noble, Inc. Robinloa .t Noble, letter Letter to PUD No. 1 of Kitsap County 1973 

I to PUD No. I of Kitsap coac:emiJI1 tat drilliDJ reoulll of the 
County. the Fletcher Bay WeU No. I. 

I 
Private Letter Robinloa .t Noble, Inc. RobiiiiOII .t Noble, letter Grouod water "'-tiptioa for p~ 1973 

to o-. Richert, Bianold county part 1111pply at Buct Lalte near 

EnlliMerL Haamlle, WA. 

I Private Report Shannon .t Willoa ..,_ .t Wiloall Subow1-!msiptioa Trident Support 1973 
Compla, Baap AD-. WA 

I Private Report RobiiiiOII .t Noble, Inc. RobiiiiOII a Noble, E>aluatioa rq>on to the Bremerton Water 1974 
prepared for the Bremertoa Deportmeat coac:emiDJ WeU 12. 
Water DeportmeaL 

I Private Letter RobiMoa a Noble, 1nc. RobiiiiOII .t Noble, letter Letter to AlaoDder Enterp"- coac:emiJI1 1974 
to AlaoDder Enterpriaa odditioaol water 1111pplia at Lalte Tabuyeh. 

I Private Report RobiiiiOII .t Noble, Inc. RobiiiiOII a Noble, Comp1etioo R.,n oa Baybeod WeU No.3, 1974 
prepared for the Towtl of for the TOWII ol WiDiloor. 
W!nllow. 

I Private Report Robiuon .t Noble, Inc. RobiiiiOII .t Noble, c.-ru.:tioD IDll Teotin1 ofWeU No.l for 1974 
prepared for the Statr<ri- the Statr<ri-i'lo-n DooolopiDODL 

I 
i'lo-nl>eveloptDeDL 

I 
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I QAIAWE SOURP: ALJl!OR/AGENCy JTJl.E'IJ)ESQWIJON YE.\R 

HYJ)ROGEOLOGY (contillued) I 
Private Report Robinooa It Soble, Inc. Robinson &. Soble, Construction. Report on Selbo Road :rs 

prepared for Pl:D No. 1 Productioa WeU So. 1. 

I of Kitsap U>unty. 

Private Letter Robinson & Soble, Inc. RobinJOG !. Soble, letter Letter to Manchester Water Diltrict t9i5 
to Manchester Water concemina tbe eva.luattoa. ol Sedrick Well I Diatrict. <ItS. 

Private Repon RobiMOn It Noble, Inc. Robinooa .t: Noble, Raulta oC test drillin1 at Parkwood Eut, 1975 I prepared for McGiana, Kitsap Couuty. 

Olooo llld Rowlllld E.nliJ!eerL 

Private Letter Robirwoo &. Noble, Inc. RobiOIOil It Noble, for EvaJuatioa of a water weU owned by the 1975 I Wat.aup Beach Community Wa~up Beoc:b U>mmunity. 

Water U>mpany. 

I Private Letter Robi11100 .t Noble, Inc. Robinooa .t Noble, letter Letter concemin1 the effecu of Well #'4 1975 

to Mancheltet Water on neicbborin1 leonard WelL 

Diltrict. I 
Private Report Robinooa .t Noble, Inc. Robinooa It Noble, Coaatruction llld testill1 oC Well lltl. 1975 

prepared for the Town oC 

I KinptoG. 

Private Report Robinooa .t Noble, Inc. Robu-. .t Noble, Coaatruction llld teotin1 oC Indianola WeU 1975 

prepared for PUD No. 1 oC llt6. I Killlp Couuty. 

Private Letter Rob"-' .t Noble, Inc. Robu-.lt Noble, Letter to PUD No. 1 oC Killlp County 1976 I letter to PUD No. I oC COIICel"llinc EdJewater ilq>locemenl WeU lltl. 

Killlp Couuty. 

Private Report Rob"-' .t Noble, Inc. Jlobj..,. It Noble, ReoWta oC drillinc GambleMMxl WeU No. l. 1976 I prepared for PUD No. I 

oC Killlp Couuty. 

Private Letter Robu-. It Noble, Inc. Robinooa It Noble, Coaatruction of I replocemenl ....U II 1976 I 
prepared for the Gty oC wea-RDod. 
W"UIIIow. 

I 
Private Report Rob"-' It Noble, Inc. Robu-. It Noble, c-an.ction Report oC SiMerdale"a Well 1976 

prepared for PUD No. I #I, Z'.oMlE. 

I oC Killlp Couuty. 

Private Letter Rob"-' .t Noble, Inc. Robu-. It Noble, letter Letter COIICel"llinc the ....,..ad waler aupp1y 1976 

lo Olooa, Ricbert llld in Point No Point Couuty Put. I Bip!Oid. 

Private Letter Rob"-' It Noble, Inc. Robinooa It Noble, letter Letter COIICel"llinc the eYaluatioa llld 1976 

I to Mr. Jack YOUJI&blood. lealiq oC Mr. YOUIIII>Ioocl'a- WeU 

-Baqnr. 

I 



I 
I 

DOCt;)AD.T/ 

DAJAME SOl:RCE A{,;JljOR/AGESC)' J'TJJ.Lll f¥RJPJ]ON YE.\R 

I HYDROGEOLOGY (continued) 

Published Report l:SGS A. J. Hansen Jr. and 0..: Availability of Ground Water in lhc area [)i6 

I 
~olenaar. surroundin& tbe Trident Submarine 

Construction Facility, Kjtaap County. 

Private Letter Robinson &. Soble, Inc. Robinson 1: Noble, letter Letter conceminc pt"ClpC))ed new drilling 1977 

I to Nonb Perry Avenue Water sites. 

District. 

I Private Report RobillBOD & Noble, Inc. Robinoon .t; Noble, ConatnJctioa report for Spirit Rid~ Well 1977 

prepan!d for SiM!rdale 3, SiM!rdale Water Oiatrict. 

Water Oiatrict. 

I Private Letter Robinson 1: Noble, Inc. Robinson A Noble, letter Letter to Jeffenon Beach Eat.atcs 1977 
to JefTenon Beach conceminc the evaluation of Well No. 2 

E&tates. 

I Private Letter RobiDIIOft &. Noble, Ioc. Robimoa. &: Noble, letter Leuer to Silverdale Water Diltric:t 1977 
to SiMrdale Water coaceminc a pump teat on the Cbena Roed 

I Oiatnc:t. Well. 

Robinoon .t; Noble, Inc. Robinloa A Noble, letter Letter coocemina aquifer evaluation. uaina Private Letter 1977 

I 
to the Department of the Royalwood and Reaeacy WeilL 

Ecolo&Y· 

Private Report Robinoon .t; Noble, Inc. Rob.._ .t; Noble, Bridlerid~ teot drillin1 and ""'ll 1977 

I prepared for PUO No. 1 of COIIItnlc:tion for PUO No. 1 of Kitap 

Ki!Ap Cow!ty. Cow!ty. 

I 
Private Report Rob.,_ .t; Noble, In<. Rob.._ .t; Noble, Conouuctioa of Gilberton Well •1 for Nonb 1977 

prepared for Nortb Peny Peny A...,uo Water Diltnc:t. 

AW~~ue Water Diarict. 

I Private Letter Robinlon .t; Noble, In<. --.t; Noble, letter Letter coacerniar the Caire Manb 1977 

to Smilh, - ..... de••lopmeat aite ill -· 
O'Hare. 

I Private Letter --& Noble, In<. Rob ... & Noble, letter Letter .,_,.,;,Ia pump teot on the Apez 1977 
to the Apa Water Syatem. ~WelL 

I Private Letter Rob.._ .t; Noble, In<. 
--.t; Noble, letter Letter coacerniar illterferonco ca.- by 1971 

to Mr. ~ Olooa. Ann•poiW Water Diltric:t weUa oa Mr. Olacxla 

I Private Letter Rob.._ .t; Noble, In<. Rob- .t; Noble, letter 

-u. 

Letter coacerniar a pump teot on Mr. 1971 

to Mr. AJaa Comer. Conler'a -u. 

I Private Letter Rob.,_ .t; Noble, Inc. Rob.._ .t; Noble, letter Letter .,_,.,;,Ia teot ol the Parkwood 1971 

to the Oty olllromerton. EuiWeiL 

I Private~ Rob.,_ .t; Noble, In<. Rob.._ & Noble, ~on teot drillini at the cauronua 1971 
prepared for Mucbeater Taalt Site, Mue-... Water Oialrict. 

Water Oialrict. 

I -7-



I 
DOCL~/ I DATAID!! SQL'RCE AL Til OR/ AGE'Icy JTTI.EIPESCR!YTJON '(E\R 

HYpROGEOLOGY(amtin~) 

I Pnvate Repon Robin.son &: Soble. l.nc. ROOinso!l & ~le. Corw:ructioft Rtport o( tbe Aetchcr Bay l'r"i! 

pT<parod ror PUD So.! of Well for PL'l) ~- 1 of Kits.ap Couaty. 

IGtsap C<>uaty. I 
Private Report Robin&On & Soble. Inc. ROOiMOt! & Soble, Conitruction and tCiting otTea Well& 290 1978 

pt<parod ror Si!Yerdale and 19H 

I Water Diatrict and Ceobal 

IGtsap Scbooi Diitrict. 

Private Letter Robinson &: Noble, lac. Robinloo &: Noble, Jetter letter concemiq: the Danford Water System. 19'711 I to Knapp Brotbcn Rutty 

Inc. 

Published Report U.S.G.S. U.S.G.S. USGS WR 711-112, Water R<sourca of Port 1978 I 
!IW!iloa Indian Rac ... tioo, WI! Rum D 

Published Report Uaiv. of Wubingtoa Duane, Thoma&, & Leopold, L.B. Water in EaviroameDW Planninl 1978 I 
Private Letter Robi...,., .t Noble, Inc. Robinso!l .t Noble, letter Letter to tbc Wytoff Compacy CODCel'lliJII 19'79 

to tbc W)'l:lwlf compacy. rccommcndationo oa imJ>!OYini ...,II yicklo I of tbc two deep ftlloat c-. 

Private Letter Robiaaoa .t Noble, Inc. Robinaoo .t Noble, letter Letter to tbc W)'l:lwlf Compacy CODCel'lliJII 19'79 I to tbc W)'l:lwlf compacy. tbc pump test of tbc two artcoian ftlloat 

ClOCliOte. 

Private Letter Robinson & Noble, IDe. Robinso!l .t Noble, letter Letter dcacribing furtbcr test dri11i"'l 19'79 I 
to PIWJOkillld McMenamin. ncar tbc •p_, WeD'. 

Private Report Robinson .t Noble, Inc. Robinaoo .t Noble, G10UIId Water R<sourcea of tbc Cam Bay 1979 I prepored for Kramer, Area, M•~r, WA. 

CIWt .t Ma,o. 

Private Report Robiaaoa .t Noble, IDe. -.....a: Noble, Prclimilwy report 011 tbc b)'dropolocy of 19'79 I 
prepored for Peter tbc Coulter Cleek Baain, Kitup llld Maaoa 

o.e-. Countico. 

I 
Private Report Rob~ • Noble, IDe. -·Noble, Report OQ test drillilllllld COIIIOrUctioa 19'79 

prepored for Mane-.r of WeD 6, 1\la-r Water Dillrict. 
Water Dillrict. I 

Private Report - .t Noble, IDe. Rob~ .t Noble, WeD field cwluatioa of tbc Nortb 1979 

prepored for Nortb Baillllridp Water Compacy. I llaiJibridp Water Compacy. 

Private Report Robialoo a: Nobk!;, IDe. Robinaoo .t Noble, WeD lll\ldy ror noa.ca Po.-. Gont. 1979 

I prcponcl for noa.ca Parma, 

Gont. 

Private Report Robiaaoa .t Noble, Inc. Rob~ .t Noble, W-prion ofwotcr IUpply- at tbc 19'79 I prcponcl for ..... Ameri<aa Naval Uadcnca Warfan f!.naiaccri"'l Statioo, 

Airw11ya IDe., Tridcllt ~WA. 

Support Group. I 
-8-
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DOCUMDn'/ 
DATA WE SOYRCE :\L1Jj08JAGENcy liU.EIDESCR!PJJON YE.-\R 

I HYDROGEOLOGY (continued) 

Private Report Robinooo It Noble, In<. Robin.oon It Noble, Test driJlin1 &ad weU oon.~truction at 1979 

I 
p~ared f0< Pt;Q No. 1 the Suntet Tank Site. 

of Kitsop County. 

Private Repon Robinson &. Soble, Inc. Robinaoa &. !"-Soble, Teet drillinaand weU COftlltructioa at 1979 

I p~ared f0< PU D No. 1 Edaewater •3. 
of Kitsop County. 

I Private Report RobiiiBO!l It Noble, Inc. Robin.ooo " Noble, Cooatntctioa report for Kioptoa WeU 3. 1980 
p~ for PUP No. 1 
of Kitsop County. 

I Private Report Robin.ooo It Noble, In<. Robin.ooo " Noble, Buckllil Hill Rood WeU fD< North Perry 1980 
p~ared fD< North Perry Aveuue Water Oiltriet. 

Avenue Water District. 

I Private Letter Robin.ooo It Noble, Inc. Robin.ooo It Noble, Ieuer Letter to North Perry Avenue Water Dlatrict 1980 
to North Perry Avenue oooc:entina the Buckllil Hill Rood W eU. 

I 
Water Diatrict. 

Private R<port Robin.ooo " Noble, Ittc. Robin8oa. 1: Noble, Rebabilitatioa ol tbe Keyport N.- WeU 1980 
p~forPilll •s. 

I American Airn]ll Ittc., 
Iridettt Support Group. 

I Private Report Robin.ooo It Noble, Ittc. Robinlon " Noble, Ibe b)'droaeok>IY o( tbe Peter Overton 1980 
p~ for Peter Overton. property within tbe Coulter c-k buin 

in Kitsop attd Muoa Countiel. 

I Published Report USGS A. J.-Jr. attd E. L Grouad water a-.ailability on tbe Kitsop 1980 - Pettinlula, w ubin(lloo. 

I Private Report Robin.ooo " Noble, Ittc. Robi.-ltNoble, Coutructioa report o( the teot ... u oa tbe 1980 

propored for '- It HClm st•"' Property. 
Talbot Deoelq>:Jtell~ Ittc. 

I Private R<port RobU.. " Noble, Ittc. Robi.-ltNoble, Coutructioa of water WeU "'1 for the 1980 
p~ for Suquamiab Suquamiob Tribal Flllterieo. 

I 
Tribal Fioberioo. 

Private Report RobU.. " Noble, Ittc. Robi.-ltNoble, Coutructioa ol WeU No.l for Bainbridae 1980 
p~forllaittbridae t.lattd School Diotriu:t, No. 303. 

I t.lattd School Diltrict 

No. 303. 

I 
Private Report Robin.ooo " Noble, Ittc. RobU.." Noble, Deoip attd teotiq o( Me"' lt!Dete WeD 1980 

p~fortbe No.l. Baittbridp-
Commwtity o( Meodow-e. 

I Private R<port RobU.. " Noble, Ittc. Robi.-ltNoble, Bocqrouad attd teotiq ol the Swtoet Taok 1980 
p~ for North Perry TeotWeU. 
A-ue Water Diltric:t. 

I -9-



I 
DOCL'lo!ENT/ I QAIAWt;: SOURCE ALJllOR!AGES(Y lTD£:1)ESClUYJJON YE.\R 

HYDROGEOLOGY (continued) I 
Private Repon. Robinaon &: Soble. Inc. ROOinaon ol Noble. Resulta of teetinc Sclbo Road W eU • 1 1981 

prep&ted for S&M:rda.le and monitorinc of oei&bborin& weiiJ. I Water District. 

Private Report Robinson &: Soble, Inc. ROOinoon ol Noble, Groundwate< e>plonlioa at Bi& Beef G-eek 1981 

I prepared rnr the FL&beriea Raeartb Center. 

U IIMonity o( Wuhin&toa. 

Private Letter ROOinaon ol Noble, Inc. ROOinlna ol Noble, letter Letter to PUD No. I o( Kitup County 1981 I to PUD No. I o( Kitup c:oacemiq the GIIZZim l..&lte Teot Well 
County. 

Private Lener ROOinlon ol Noble, Inc. ROOinoon ol Noble, letter Letter to PUD No.I o( Kitup County 1981 I 
to PUD No. 1 ol Kitup c:oacemiq tbe reoulta o( drillin& a deep 

County. roWy tell well ...... Keyport. 

I Private Report ROOiRIOil ol Noble, Inc. ROOinlna ol Noble, Coaltruction report oa Suquamilb WeU #S. 1981 
prepared for PUD No. I 
ol Kitup County. I 

Private Report ROOinlna ol Noble, ID<. ROOinloa, Noble .t Carr, Report and oppeod4 oa II"'JUUldwater 1981 
prepared ror the NaYOJ b)'drolocy rar the oaYOJ hue at Baaaor. I Submarine o- at Baaaor. 

Publilbed Report Suquamilblndian N'ma Kocourek Port Madiaoa -lioa 1981 

I Tn'be Wate< Coaoumplioa Demanda Study, Plwc U 

Private Letter ROOinaon ol Noble, Inc. ROOinlna ol Noble, letter Letter to Pazooki a: McMenamin coocemina 1982 
to Pazoolli A McMenamin. the Hoem WeU lelt. I 

Private Letter ROOinaon ol Noble, Inc. ROO~ a: Noble, Letter to - Coaotructioa eYOJualina 198l 

Letter to-Coaot. ..--...quality. 

I 
Private Letter ROOinlna a: Noble, Inc. II....._. a: Noble, Letter -..iDa l'SIIta o( drillina the 1982 

Letter to PUD No. I ol KlllptoD tell well at the - - CotoiT 

I Kitup County. rood tile. 

Private Report ~a: Noble, Inc. -A Noble, Coaotructioa ol lndi·- WeU # s ror 1982 

prepared for PUD No. I ol Kitup County PUD No. I. I Kitup County. 

Private Letter ROO~ .t Noble, Inc. Robillaoa a: Noble, letter Letter -..iDa tioo l'SIIta o(. 1982 

I to GenJd Petenna. bydl p+npc otudy oa Mr, Petenoa'a 

P-'7· 

Private Letter ~a: Noble, Inc. ~a: Noble, Iotter Letter -..iDa tioo redeoolap- o( 198l I to the Oty ol W'llllloor Bo,t>eodWellaland:Z. 

Private Report Hart Crowoer, Inc. Hart Crowoer, prepatOd ~SupplyEYOluatioa,- 1983 I for Gray a: Oobome ~oel'lu 

-II). 
I 
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DOCtiMENY' I 
DATA WE SOURCE r\L1ll08/AGENC)' rrru:JDEXRIPJJON YE'.R 

I HYDROGEOLOGY (continued) 

Private Repon. Han. Crowaer, l.a<:. Hart c,.....,., propored Report oa. coaatructM>a lad tstinc ol Well i~&J 

I 
for U.S. Savy No. 4, Naval Supply unce<, ~beace< 

Private Report Robinson & Soble, Inc. RobilliOII & Noble, Conatructioo report for Suqowniab Well <OS !9&3 

I 
prepared fa< PUD No. 1 (Replacement). 

of IG!Up County. 

Private Report Robinooo & Noble, Ioc. Robinooo & Noble, Ground woce< feuibility otudy for the !9&3 

I prepared ror the Port Port Blakely Mill Company on Bainbrid&e 

BlUely Mill Co. Wud. 

I 
Private Report Robinloo A Noble, Inc. RobimoD A Noble, Repo<t oa ~ and teotiq of 19&3 

p...,.red ror oa ... WeU#4 

Symington. 

I Private Report Robioaoo .t Noble, Inc. Robinooa .t Noble, Coootructioo and teotin1 of IndianolA WeU 19&3 
prepared for PUD No.I #6. 

of IG!Up County. 

I Private Report Robioaoo & Noble, Inc. Robioaoo A Noble, Coutnlctioa of WeU 7 for Manchester Water 19&3 
p...,.red for Maocbeoter Dfotriet. 

I 
Wale< Diltrict. 

Private Report Robioaoo .t Noble, Inc. Robioaoo A Noble, Coutnlctioa of WeU l at G"""n Creek 19&3 
p...,.red ror Suqowniab Hatchery for Suqowniab Tn'baJ F"Uiberieo. 

I Tnl>alrllherieo. 

Private Report Robioaoo .t Noble, loc. Robioaoo .t Noble, Coutnlctioa ol Baybeod Welll4 and s ror 19&3 

I 
prepared ror the Oty of tbeOtyoiWIIIIIoll'. 

W"lllliaw. 

I 
Private Report RDbinooo A Noble, loc. Rob.._ I; Noble, All oVIIltlatioa ol oelocted artaiao relief 19&3 

prepared ror the NPoi -SubmariDe s- at B&oaor. 

I Private Report Rob.._ I; Noble, loc. ~I; Noble, ec-n.ctioa ol Kiaploa WeU 4, Ki!Up 1934 
p...,.red ror Ki!Up County PUD No. I. 
Couaty PUD ttl. 

I Private Report ~ I; Noble, loc. Rob.._ I; Noble, Coutnlctioa ._-t ror Indiaoola w.u l·A. 1934 
prepared ror Ki'"P 

I 
Couaty PUD ttl. 

Private Report RDbialotll; Noble, loc. ~I; Noble, ec-n.ctioa ol C...ter Stn!et WeU ttl. 1934 
p...,.red ror North Peny 

I A-uo Water Diolrid. 

Private Report Rob.._ I; Noble, loc. ~I; Noble, fbd>olucic auJ,oil ol the Aatler-. Creek 1934 

I 
prepared r ... the aty o1 we~~rldd. --

I ·11· 



I 
DOCT:loiENT I I QATAWE SOl'RCE Al!JHOR!AGENcy JTil.EtJ)ESCRlPJJON YEAR 

HYDROGEOLOGY (continued) I 
Private Report Robin80n &. Soble, Inc. Robi...,. .t Noble, Con>tN<tioa '"""" for Wella I aod 2 in t984 

pr.pared for !llcCormick the Sortb Lake &reL I Land Company. 

Private Report Robinson &. Noble. Inc. Robinson .t Noble, A summary of pumpqe and water level data. :984 I pr.pared for Sortb Perry 
Avenue Water Oiltrict.. 

Private Letter Robinson .t Soble, Inc. Robinooa .t Noble, letleT Commen10 Oil IJ'OWICI W11let c:ooditiooa relalod 1984 I to~ Hill Communi!)' lo ElS for Dickey Pit ezp&lllioo. 
Alooci&tioa. 

Private Letter Robinooa .t Noble, Inc. RobiftiOn A Noble, letter MarjeiiUI< ElS eJPanded commenla. 19&5 I 
to Pazool<i .t McMenamin. 

Private Report Robinaon &: Noble, Inc. Robinaon &: Noble, Coaatructioo '"""" for Spirit Rid&e WeD 19&5 I 
pr.pared for SiMn!ale #4, SiMrdaJe WaleT Dwrict. 
Water District. 

I Private Report RobiDIOG .t Noble, Inc. Robinooa .t Noble, Coaatructioo'"""" for Vlnland View WeD 19&5 
pr.pared for PUD No.I ol #1. 

Kilsap Counly. I 
Private Report Robinson .t Noble, Inc. Robinson .t Noble, Conatruction r.port for Baybead WeD #6, 19&5 

pr.pared for the Cily ol CityolW"UIIIow. 

I W"UIIIow. 

Private Report Robin.oa a:. Noble, Inc. Robinloa .t: Noble, Collltructioo'"""" for bland Lake !l-inch 19&5 

I prepared for SiMrdaJe Well, SiMrdaJe Water DWrict. 

Water Diotric:t. 

Private Report Robinson .t: Noble, Inc. Robinloa .t: Noble, Coaatructioo'"""" for the Cbena Rood WeD 19&5 I prepared for SiMrdaJe l, SiMrdaJe Water Diotric:t. 
Wiler Diotric:t. 

Private Report ROOinooa .t: Noble, Inc. ROOinloa .t: Noble, Coaatructioo '""""for Spirit Rid&e WeD 1985 I prepared for SiMrdaJe 4, SiMrdaJe WaleT Diotric:t. 
WaleT Diotric:t. 

Private Report ROOinloa .t: Noble, Inc. ROOinloa .t: Noble, Coaatructioo ol MeadowdoJe Well #1. 1985 I 
prepared for North Perry 

A-ue Water Diotric:t. I 
Private Report ROOinooa .t: Noble, Inc. ROOinloa .t: Noble, Coaatructioo'"""" ol RiddeU Rood WeD 1985 

prepared for North Perry #I. 

I A-uo Wiler Diotric:t. 

Private Letter Robinloa .t: Noble, Inc. - .t: Noble, letter Letter -..iqlbe Saquamiall Pille 1985 
lo Kitlap PUD No. I. -Well. I 

I 
-ll-



I 
I 

ooet:MENT/ 
DAJAWE SOt,:RCE r\LJJIOR/AGp;cy JTJl.EI!)pjCBJrnON YEAR 

I HYDROGEOLOGY (contU!ued) 

Private Letter Robinaoa &. NobLe, Inc. Robinson &: Noble, Jetter Letter to Mucbester Water Diatrict 198.5 

I 
to ~ancbeater Water concernia.ean aquifer t• oo Sedpi<:k 
District. Well #5. 

Private Report Robi1110n &. Soble, [nc. ROOinson & Soble, Constructioft ropon for Sedpick Well 8. 19&5 

I prepared ror Manchester 
Water Diatrict. 

I Private Repon Kitsap County PUD Applied a-eciulolo&Y, Pine Street Well No. l, instollatioa and 1986 
#I. prepared for Kitsap PUD testin~o Suquamiab W A. 

#I. 

I Private Letter ROOi1110t1 & Soble, 1..,. Robiuoa. &: Noble letter to Letter eoneemin1 the ~~ R.elel"'Ye'l 1986 
the Bloedel ~. ifOUndwater IOUrce atudy. 

I Private Letter Robinson a: Noble, lnc. RobiD801l &: Noble, letter Letter coacemina resultl of pumpina teatl 1986 
tot~ Bloedel ~. oa tbe FU11l and Sera ....U.. 

I 
Private Letter ROOinson & Noble, lllc. ROOinson a: Noble, letter Letter deocribU!c the drillinclos of tile 1986 

to Summit Teciulolo&Y. Nellita Well 

I 
Private Repon Kitsap County PUD #I Applied a-eciulolo&Y. Acuota Rood WeD No. 3, inatollation and 1986 

p~ared for Kitsap PUD testinlo Suquamiab, w A. 
#I. 

I Private Repon Kitsap County PUD #I Applied C"-eotecbDOiol)', w-wen, Utotollation and teotinlo 1986 
prepared for Kitsap PUD Suquamiab, WA. 

#I. 

I Private Letter ROOinson 6: Noble, IDe. ROOiMoa 6: Noble, letter Letter deocnbinc the ,_, ... of drillinc 1986 
to tbe Port Blallely Tree at tbe Wykoll" Tank Site. 

I Private Letter ROOiMoa .t Noble, IDe. 

Fana. 

~"Noble, letter Summotr of teot clrillinc at Wyd<olf. 1986 
to tbe Port Blallely Tree 

I Farm. 

Private Letter Anbjere .t Noble, IDe. -"Noble, letter Aeoulto ol tbe Gilbenoa West Test Well 1986 

I 
to Nonb Peny Water 

Diltrid. 

Private Letter -" Noble, IDe. -"Noble, letter Summoty ol tbe WeD 9 (redrill) drillinc 1986 

I toBremertoaWater project. 

~L 

I Private Letter -- a: Noble, IDe. - "Noble, letter Letter-ma,- iede>elap-1 of 1986 
to tbe Suquami&ll Tnbol WeD I and air redetolap....,l of WeD 6. 

Filberieo. 

I Publiobed Repon Suquami&lllndiaa Mark Scbalrer ~Data (01' Port~ 1986 
Tnbe IDdiaa Ret I 1ioa 

I -I). 



I 
DOCllMENI"/ I QATAJYPE SOURCE ALJHORIAGENQ' JIJlUPESCRJPDON YEAR 

f!YDROGEOLOGY (continued) I 
Private Letter RDbinaoa & Noble, lD<. RDbinaoa & Noble, leU.,. ResuJtJ • recommendations from Sub-Sue 1987 

for A.Adenen, Bjonwt.ad. well testina. I IUJ1e & Jacobo lllc:. 

Private Letter Robiruon & Noble, loc. Robinlon A Noble, letter Letter to the com.miaaionen ooncerninc 1987 

I to the Hannille Water sprinr sites I llld l 
Diltrict. 

Private~ RobiliiOll & Noble, lllc:. Robinaoa • Noble, prepared Coa.tnlctioa ol Edaewater WeU #JB for 1987 I for Killlp PUD No. I. Killlp County PUD No. I. 

Private~ Robinaoa & Noble, lllc:. Rob"'- • Noble, prepared ~~..,art 10 M•ncheeter Water Dillri<t 011 tbe 1987 I for tbe Manchester Water coaa<ruc:tion olthe Sedgwick WeU 9. 

District. 

Private~ Han Crowser, lllc:. Han Crowoer, prepan>d Recoadilioainr llld Testin& ol WeU No. 3, 1988 I for Seifert & Fori>es U.S. Navy-Mancheeter Fuel Depot 

Private Letter RobU... & Noble, lDc. RobU... • Noble, letter Letter c:oncemiar a pumpinr test at the 1988 I to Eooaomic aad Eapneerinr Po11 Gamble Well 

s.mc.., Inc. 

Private Letter Robinaoa & Noble, Inc. RobU... • Noble, letter Letter coacemiar redeoelopment ol WeU. 1988 I 
10 tbe Suquamidl Tribal I aad l at tbe G..,.... Creek Hatchery. 

Fllbeneo. 

I Private Letter Robinaoa & Noble, lllc:. RobU... • Noble, letter Letter coacemia& a pump test 011 tbe new 1988 

to Meadoww Golf & irrtptioa ....u. 
Country Cub. I 

Private Rt:port RobU... • Noble, Inc. ll.obU.oa • Noble, prepared Coaatnxtioa aad testia& ol WeU 10. 1!181 

forM'" t rt•Wat. I Dillrict. 

Private Letter ROO- & Noble, Inc. Rob- • Noble, letter Letter coacemia& tbe - deap ...U at 1!181 

I 10 PonlllalteiJ Tree Fum. OldMillllaod. 

Private Rt:port -.Noble, Inc. -·Noble, Coaatnxtioa aad testinr ol tbe South 1!181 

pnopored for Killap PUD 1111. ~Test WelL I 
Private ~~..,art -.Noble, Inc. -·Noble, w.- Rood Test Well, Killap County 1911 

prepared for Killap PUD 1111. PUDIIII. 

I 
Rob- 1: Noble, Inc. ll.obU.oai:Noble, Coaatnxtioa otWell 3 at tbe C..,.... Creek 1!181 Private ~~..,art 

prepared for tbe Suquamidl HatdlorJ. 

I Tn'bo!F'aberioo. 

Private ~~..,art ll.obU.oal: Noble, Inc. ll.obU.oa&Noble, Coaatnxtioa ol ~Well !Ill for Kilaap 1!181 

prepared for Killap PUD 1111. PUDIIII. I 
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DOCL"MENT'/ 

DATAITPE SOURCE AI.J1JjOR/AGDiCX JT!l.E/l)E"SCR!fTION ll.iE-

I Sl"RFACE WA TER/CU:o.!AIALOGICAL 

Private Repon Robinson &:. Soble, Inc. Robinson&. Soble, Co01truction of Test Well3 as pan. of the l-188 

I 
prepared for the Bremerton Gont Creek test drilling pro&fam. 

Water Ctility. 

Private Report Robinson &: Soble, Inc. Robinson &. ~oble, SCW' water sourte survey. 1988 

I prepared for the Bremerton 

Water V tility. 

I Private Letter RobiMOn &. Noble, Inc. Robinson &. Noble, letter Leiter to K.it&ap PUD It 1 concemina: the 1988 
to Kitsap PUD ll'l. o.ew Hotly Water System well. 

I 
Private Letter Robin.lon a. Noble, lnc. Robinsoa &. Nob~. letter Letter to City of Winslow' concemina the 1988 

to the City of Winslow. Sandi Rood Teat Well. 

Private Letter Robinlon &. Noble, Inc. Robinson a. Noble, letter Letter conc:emina: the analysil of air 1988 

I to Meadawmeer Golf .to entn.inm.ent and related weU probletlll on 

Country Qub. the three ... u, owned by Meadawmeer. 

I Computer Ecology Ecology Water Riehta Records Printout 1988 

Printout 

I 
Published Report Suquamish Indian Applied Geotecb, Inc. Grouodwlter R<ooun:eo Study ol Port 1989 

Tnl>e Madiaoa lndiaa R.eservati011. 

I SURFACEWATER/ClJMAIALOGICAL 

Publisbed Report Wuhiagton St&te U. Earl I. Phillipo Wultinpon Oimate ror theae counties: 1968 

I 
Kina. Kitup, MMoo, and Pien:e. 

Publisbed Report Soil Conservation. Ser. Soil c.-r..tioa Ser. Soil Suney ol Kitsap County Area, WA 1980 

I WATER QUALm' 

I Publisbed Federal ReJjll« U.S. EPA Nalioaal Primary Drinkinl 1934 
Federal v ol. 49, No. 114 Water Reaula~ 
Register Volatilo Synthetic Orpaic 

I 
Chemiallo 

Publisbed WDOE Olllce ol Tedlnolocr Procectiq the Natioa'o GI'OWid- 1934 
Report .~ WDl water rrom Coa,tamju•ioe. 

I Publisbed Federal ReP« U.S. EPA --~~to the Sole 1936 
Federal Driakiq Water Ad 

I Reeilter 

Summary EPA EPA Summary ol F"oold ln-'iptioa 1987 

I 
Wylrolf FICility. Baiabridp lllaad 

Fact Sbeel WDOE WDOE Fact Sbeel oe Eqle Harl>or, 1987 

I 
BaiDbridto-

·l.S-



I 
DOCUMENI"/ 

I om me: SQURcr AU'JlJOB!AGDiQ' JTJlL'l)ESCRJPTION .rill 

WATER OUALffi (rontinued) I 
Water Quality US. EPA U.S. EPA S'TORET ~trieva.l for Ground- ~na 

Data water Quality Data I 
Water Quality WDOE WDOE STOREr Retrieval for Ground· 1988 
Data U.S. EPA water Quality Data 

I Water Quality DSHS DSHS Water quality data from DSHS 1988 
Data for a.. 3 utd 4 ... u. 

I 
!,61!12 !.!~~ 

Published KCDCD JimAcb Baiobrid&" loland Subve& Plan 1980 I Report 

Published KCDCD JimAcb South Kitaap Subarea Plan 1981 I Report 

Publlabed KCDCD JimAcb Central Kitaap Subarea Plaa 1983 I Report 

Publlabed KCDCD JimAcb North Kitaap Subarea Plaa 1984 

I Report 

Publlabed Repon PSCOG PSCOG Populatioll utd Employment Foreasto 1984 

Published Report us Dept. of US DepL ol Commen:e 1982 CeiiiUI ol Alriculture ·Volume I 1984 I 
Commerce Bureau ol Ce111111 ~Area Serieo, Part 47 • 

WMbiaatoe I 
Published WDOE WDOE 1915 Huanlauo Wille Allllual 1915 

Repon Repon Summuy, Repon No. 

I 87-14 

Published Repon BKOID TetnTecb . Slraadly Scnp Melai/MiaiD1 1915 

~raa.dremedial I inwwtiptioo 

Published Repon Kit-.Cotmty Kit-. l'relialiDuy a •t oCWater 1986 

I 
. 

PUDNo.l - utd PubticWIIerSemce '-
ia Kit-. Couaty 

Computer U.S. EPA U.S. EPA Pria~ oC Fo<ilitioo iDdol 1987 I Priatoul Lilt (fladl) far Kit-. Couaty, 
WA.F01~#640 

Computer U.S. EPA U.S. EPA ~-w- Haodlen Data 1987 I 
Priatout M'e·a t s,... (WHDMS) Ga 

--treolmOIII, I ......_ 11111 .u.p-~ r.antioo 

far Kilap c-ty, WA. FOI Req-
No.640 

I ·I'-



I 
I =~I DATA WE SOURCE AlJTilOR)AG~ey JTJJ..E/DESCR!PJJON YEAR 

I L-\:-..U L.SE (continued) 

Computer C.S. EPA U.S. EPA Printout from Wute H.~.ndlen i.q87 

I 
Pr.ntout Data Manaeement System ('Wti:DMS) 

for haz&rdoua wute genentors 

tnd t~rters in Kit&ap County 

I 
WA. FOI So. 640 

Published 11-"SDOT 11-"SDOT 1986 Highway Trame 1987 
Report Accident Report 

I Listing DSR DNR Liltin& of surf ace minina 198'/ 

activities in Kitap Couaty 

I Published Report BKCHD Hart·Crowser Draft, Volume I, Current Situation 1987 
Report • Site A; Subbue Bangor, 

I 
Bangor,WA 

ti npublished Tables PSCOG PSCOG Population and Employment Forec:aoll 1987 

I Published Report PSCOG PSCOG Population and Employment Forecast& 1988 

Pe~nal Phil Stuck BKCHD Informatica pertai.nina to hiatorical 1988 

I 
Communication Jerry Deeter and current landfilla in Kitap 

County 

Computer Thom Lufkin WDOE Uatia.a of undera;round 1toraae 1988 

I Listing tub in Kitap County 

Published WAC DSHS WA Slote Board of Ruleo and Regolationl o( 1988 

I Health tho Slate Board of Health 

ReprdiJll Public Water ~ema 

I 
Personal DaveS.burg Daw Siburg!Kitap l_.;ou. area pen:eolop:o 1989 
Communication PUONo.1 for land .. catea<nil 

wilbia Kitap Couaty 

I 
I 
I 
I 
I 
I -17-


	

