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EXECUTIVE SUMMARY 
 
This Level 1 Assessment supports watershed planning under the Watershed Planning 
Act (Ch. 90.82 RCW) underway in the Kitsap watershed (Water Resource Inventory Area 
[WRIA] 15).  The primary purpose of this assessment is to quantify key parameters for 
the Planning Unit to use in prioritizing sub-areas and topics for in-depth analysis in a 
Level 2 Assessment.   
 
In 1997, the Public Utility District No. 1 of Kitsap County (KPUD) completed a detailed 
Initial Basin Assessment (IBA) that covered the portion of the watershed within Kitsap 
County.  This Level 1 Assessment compiles and analyzes sub-areas in WRIA 15 outside of 
the area covered by the Initial Basin Assessment and provides a WRIA-wide comparison 
of sub-areas.   
 
This Level 1 Assessment and the Initial Basin Assessment are to be used by the Planning 
Unit to focus efforts in the Level 2 Assessment to support development of a watershed 
plan.  It is anticipated that additional work will be focused in selected sub-areas and/or to 
conduct more in depth analysis on a specific topics WRIA-wide.  Furthermore, it is 
anticipated that the type of work to be conducted in Level 2 will vary by sub-area. 
 
The form of participation of King County in the WRIA 15 watershed planning process 
was not determined when work for the Level 1 Assessment was initiated in early 2002.  
At that time, it was decided to exclude analysis of the portions of King County in WRIA 
15, specifically Vashon Island, from the Level 1 Assessment, and is therefore not 
addressed in this report. 
 
 
BACKGROUND 
 
The primary water use is residential.  Most residential use is served by water systems 
using groundwater.  A notable exception is the Union River, which provides 
approximately 20% of the water supply in Kitsap County.  A portion of residential use is 
served through the installation of private domestic wells, also called exempt wells.  The 
aggregate effect of groundwater withdrawals on streamflows is recognized as a 
potentially important variable. 
 
In addition to water quantity issues mandated by the Watershed Planning Act, the 
Kitsap Planning Unit has decided to look at the optional elements of instream flow, 
water quality, and habitat.  
 
The Department of Ecology (Ecology) has issued minimum instream flow regulations in 
the watershed.  These regulations restrict further unmitigated consumptive uses of 
various stream reaches and groundwater that it is hydraulic continuity with those closed 
stream reaches.  The Planning Unit is using supplemental funding from Ecology to 
prioritize streams where instream flows should be set, modified or where other measures 
should be taken to improve stream flows while allowing for appropriate out of stream 
uses. 
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APPROACH 
 
This study analyzes the WRIA on a sub-area scale.  A sub-area typically consists of one or 
more stream basins lumped by common groundwater aquifers.  This scale was selected 
because of the nature of the WRIA:  it is essentially an island with several distinct streams 
and aquifers.  These sub-areas vary in how pristine the status of water resources is and 
the degree of impacts.  This scale of analysis is appropriate for the level of funding 
available and the specificity needed to accomplish the purpose of this study (provide a 
comparative analysis of a number of variables related to the natural health and water 
resource pressures of each sub-area).   
 
 
SETTING 
 
The Kitsap watershed covers all of the Kitsap Peninsula from the land bridge between 
Hood Canal and Case Inlet and is surrounded by marine waters of Puget Sound.  
Precipitation patterns are heavily influenced by the proximity of the Olympic 
Mountains, and ranges from over 60 inches in the southwest corner of the peninsula to 
less than 30 inches in the northernmost corner.  There is negligible snow pack 
accumulation. 
 
The geology of the Kitsap Peninsula consists of Quaternary Pleistocene unconsolidated 
sediments deposited over the last 1.8 million years.  These sediments were deposited by 
at least six distinct glacial periods, the most recent of which was the Vashon Glaciation.  
Each glacial deposition sequence consists of advance outwash deposits, over lain by till 
and recessional outwash deposits.  The outwash deposits form the primary aquifers from 
which groundwater is drawn.  These aquifers are laterally discontinuous and the ability 
to extrapolate stratigraphic sequences between sub-areas is limited.  Between glaciations, 
fine-grained interstade sediments consisting of fine-grained alluvial, lacustrine and 
marshy environments were deposited. 
 
Underlying the Quaternary deposits are tertiary deposits consisting of mostly fine-
grained continental shelf sediments.  Although these have not been reliably 
characterized, there is speculation that basalt layers are present within the Tertiary 
sequence, possibly related to the Black Hills that outcrop in the South Puget Sound area. 
 
Surface water drainage consists of numerous small streams, most of which drain directly 
into the marine waters of Hood Canal and Puget Sound.  Catchment areas range up to 
several tens of square miles.  The largest ones (e.g., flows of 50 cubic feet per second [cfs]) 
include the Tahuya, Union, and Dewatto Rivers.  
 
The 2000 census population of the Kitsap Basin is approximately 295,000 people.  Growth 
along the east side of the basin is among the highest in Washington State.  A driver for 
this growth is in part accessibility to the Seattle-Tacoma urban center. 
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SUMMARY OF FINDINGS 
 
The water balance of the basin was characterized using the methodology applied in the 
Initial Basin Assessment (EES, 1997).  Evapotranspiration was calculated using the 
Blaney-Criddle methodology, surface water runoff equals 20% of precipitation, and the 
remainder is groundwater recharge.  The resulting balance is as follows: 
 

WRIA 15 Water Balance 
 

  Acre-feet/year 
Percentage of 
Precipitation 

Precipitation 1,705,245 100.0% 

Runoff 333,481 19.6% 

Actual ET 550,488 32.3% 

Recharge 821,362 48.2% 
 

Runoff

ET

Recharge

 
Allocation 
 
A version of the Water Rights Application Tracking System (WRATS) database provided 
by Ecology (August 2001) was used in the assessment of allocation.  No evaluation was 
made of the legal validity of the water rights listed in the database.  Approximately 
280,000 acre-feet per year (AF/yr) are estimated allocated among certificates, permits and 
claims – excluding exempt well use.  The distribution is approximately equal between 
administratively issued water rights (certificates and permits), and claims.  The majority 
on a volumetric basis is in groundwater (~83%). 
 
There is one claim for an instantaneous quantity of 81,000 AF/yr for the purpose of use of 
irrigation in the Kingston Sub-area.  It is understood that this claim is for a well with an 
instantaneous quantity of 10 gpm, which if operated continuously year-round, would 
only be able to produce 16 AF/yr.  The validity of a claim cannot be independently 
determined outside of an adjudication process.  However because this one claim 
represents over 90% of the registered allocation in the Kingston Sub-area, it is excluded 
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Muni/Dom
82%

Ag. irrigation
16%

Comm./Ind.
1% Other

1%

in the characterization of relative degree of allocation in this report.  The resulting 
characterization of allocation is as follows: 
 

WRIA 15 Water Allocation & Use  
(AF/yr) 

WRIA 15 Water Use  Certificates, 
Permits & Claims 

Actual Use Estimates  

Groundwater 152,400  

Surface Water 47,600  

Municipal/Domestic 165,000 (84%) 40,000 (97%) 
(13,500 from exempt wells) 

Agricultural irrigation 32,000 (16%) 1,500 (3%) 

Commercial/Industrial <1,300 (<1%)  

Other <2,200 (<1%)  
 
 

Allocation of Water in WRIA 15 
 

 By Source By Purpose of Use 
  

Groundwate
r

83%

Surface 
Water
17%

  
The distribution of water allocation by purposes of use is ~84% for municipal and 
domestic use (~165,000 AF/yr), and ~16% for irrigation use (~32,000 AF/yr).  Other uses 
account for less than 1% of the remaining allocations. 
 
The two sub-areas with the largest volumes of allocated groundwater are Gig Harbor 
(~26,500 AF/yr), and Manchester (~17,900 AF/yr).  The two sub-areas with the largest 
volumes of allocated surface water are Union (~23,700 AF/yr) and Manchester (~2,600 
AF/yr).   
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The relative degree of allocation as a percent of runoff and groundwater recharge 
averages approximately 18%.  The range of degree of allocation ranges from less than 1% 
in the McNeil/Anderson Sub-area to 50% in the Manette Sub-area. 
 
Actual Water Use 
 
Actual water use was estimated for residential and agricultural irrigation use.  Residential 
use was estimated based on residential per capita consumption, and 2000 census data.  
Estimated gallons per day per capita (gpdpc) consumption for Bremerton (total use 
divided by population served; 115 gpdpc) was applied to the population of Kitsap 
County, and the per capita residential consumption reported in the Comprehensive 
Water System Plan for Gig Harbor (142 gpdpc) was applied to the population of Pierce 
and Mason Counties.  Distribution between exempt wells and permitted water systems 
was estimated from Department of Health data, available water system GIS coverages, 
and 2000 census data.   
 
Total residential water use in the Kitsap watershed is estimated to be 40,000 AF/yr.  
Estimated permitted water use based on Department of Health and census data is 
~26,500 AF/yr.  This represents approximately 16% of the ~165,000 AF/yr in 
administratively issued water rights and claims for municipal and domestic use.  
Approximately one third of the total water use in the Kitsap watershed is obtained from 
exempt wells. 
 
The total agricultural irrigated acreage is estimated to be on the order of 750 acres.  This 
represents a total use of 1,500 AF/yr at a duty of 2 feet per acre.  Estimated irrigation use 
represents less than 4% of the combined municipal and domestic use in the watershed.  
This represents approximately 5% of the ~32,000 AF/yr allocated for the purpose of 
irrigation. 
 
Commercial water use was not estimated as a part of the study.  

Purveyors
63%

Exempt Wells
33%

Agricultural
4%
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Water Quality 
 
Approximately 75% of the sub-areas have water bodies that are listed (1998) under 
Section 303(d) of the Clean Water Act, as well as adjacent nearshore marine waters.  
Within the watershed, the most common parameter is fecal coliform, in approximately 
nine sub-areas throughout the Kitsap Watershed.  Temperature is a listed parameter in 
Long Branch, Port Gamble and Kingston Sub-areas.  Phosphorus is a listed parameter in 
Kitsap Lake, and turbidity is listed in the Poulsbo Sub-area.   
 
Fisheries  
 
Ranking of the sub-areas on the basis of fish habitat resulted in the following 
prioritization: 
 

High Priority Medium Priority Low Priority Lowest Priority 

Chico  Bangor  Anderson Bainbridge 

Dewatto Coulter Hansville Blake Island 

Gorst Gig Harbor Port Gamble Long Branch 

Key Center Kingston Stavis McNeil/Anderson 

Tahuya Manchester Vashon  

 Manette   

 Olalla   

 Poulsbo   

 Seabeck   

 Union   

 
 
Prioritization of Sub-areas 
 
The following set of variables have been quantified in this report for use by the Planning 
Unit in prioritization of sub-areas for further assessment: 
 

• Population  
- Current density 
- Future growth rate  
- Future density 

• Water Balance 
- Rainfall 
- Recharge 

• Water Rights Allocation 
- Relative degree of allocation 
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- Applications for new water rights 
• Actual Water Use 

- Relative degree of development 
- Actual use estimates 
- Projected actual use 

• Water Quality 
- Water bodies listed under section 303(d) of the Clean Water Act 

• Fish Habitat 
- Listing of species under the Endangered Species Act 
- Established minimum instream flows 
- Year-round closures of streams to further consumptive appropriation 

 
Several of these parameters may be redundant in actually representing similar effects 
(e.g., future population density and projected actual use).  Such redundancy results in an 
effective increased weighting of the associated category.  This list of parameters may be 
reduced, enlarged or modified for use in prioritization.  Each parameter has been 
divided into ranges (e.g., representing high, medium or low categories) and assigned a 
numerical value (e.g., 3, 2 or 1, respectively).  These variables may also be assigned 
proportional weighting, although this has not been done in this report (e.g., weighting 
the water quality parameter differently than the relative degree of allocation).  The 
selection of ranges, and weighting of parameters will result in a ranking of the sub-areas 
for further assessment through summing the resulting values for each parameter within 
a sub-area.  The parameters have been assigned preliminary ranges and all parameters 
have been assigned an equal weighting in this draft. 
 
Assigning value ranges and weighting of parameters in order to prioritize sub-areas for 
further assessment is a form of quantifying the values of the Planning Unit.  Therefore, 
this process is inherently subjective and the sub-area prioritization process requires 
agreement among Planning Unit members.  However, existing studies and the collective 
insight of the watershed from the managers of the natural resources participating in the 
watershed planning process can be used to refine the ranking of sub-areas. 
 
This prioritization is based upon an initial selection of parameters, criteria and weighting.  
The Planning Unit may wish to alter this selection, which may result in a different 
ranking.   
 
Prioritization of streams is being conducted independent of this Level 1 Assessment as 
part of the on-going instream flow work.  Similarly, a proposed prioritization of sub-
areas from a fisheries habitat perspective has been conducted independent of this Level 1 
Assessment by Kitsap County in coordination with tribes and other Planning Unit 
members.  Although the proposed fisheries prioritization was conducted independently, 
it has been incorporated into the prioritization matrix presented in this Level 1 
Assessment. 
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Preliminary Ranking of Sub-areas 
 

High Medium Low 

Bangor Olalla Stavis 
Manette Port Gamble Union 
Manchester Chico Dewatto 
Kingston Key Center Long Branch 
Poulsbo Bainbridge Island Coulter 
Gorst Seabeck Anderson 
Gig Harbor Hansville McNeil / Anderson 
 Tahuya  

 
 
Data Gaps 
 
Data gaps relevant to proceeding with watershed planning in the Kitsap watershed will 
be a function of which sub-areas are identified for further assessment, and which issues 
are to be addressed within those areas.  The following significant data gaps are 
recognized as either not existing, not addressed, or containing artifacts from the method 
of analysis applied: 

• Current and future land use 

• Validity of water right claims 

• Characterization of runoff 

• Commercial water use 

• Stream flow analysis 

• Groundwater recharge from septic systems 

• Hydrogeology and aquifer characterization 

• Hydraulic continuity 

• Groundwater quality 

• Areas susceptible to saline intrusion 

• Wastewater streams 

• Evapotranspiration calculations 

• Spatial distribution of irrigated lands 
 
The identification of data gaps will differ depending on whether the purpose is to:  1) 
refine prioritization of sub-areas; or, 2) further assessment of prioritized sub-areas.  If the 
Planning Unit proceeds with prioritization of sub-areas, the technical areas for further 
assessment will be specific to each sub-area.  Additional data gaps may be recognized as 
specific issues arise. 
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As the Planning Unit identifies the direction to be taken in the Level 2 Assessment, the 
prioritization of sub-areas using the criteria presented in this report should be 
incorporated with instream flow work and other programs to develop a scope of work to 
support development of a watershed plan. 
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1. INTRODUCTION 
 
This section presents the objective and purpose of this study, the location of the study 
area, a summary of the watershed issues and the technical approach for this project.  A 
list of acronyms used within the text is presented as Table 1-1. 
 
1.1 Background 
 
Watershed planning is sponsored by the Washington Department of Ecology, which 
provides guidance to local stakeholders on the development of watershed management 
plans for water resources within a Water Resource Inventory Area (WRIA). The Kitsap 
watershed, WRIA 15, covers all of the Kitsap Peninsula from the land bridge between 
Hood Canal and Case Inlet. 
 
Several significant studies recently have been conducted on the natural resources of the 
Kitsap watershed. The primary one is the Initial Basin Assessment (IBA; Ecology 
OFTR97-4, October, 1997) commissioned by Public Utility District No.1 of Kitsap County 
(KPUD). While the KPUD IBA is similarly formatted to Ecology’s 1994 Initial Basin 
Assessment, the KPUD IBA is more in-depth than the typical Ecology-sponsored Initial 
Watershed Assessment. The KPUD IBA was restricted to Kitsap County and did not 
cover all of the Kitsap Peninsula (WRIA 15). 
 
More recent studies have focused on fishery issues and include the Limiting Factors 
Analysis of East WRIA 15 by Washington Conservation Commission (WCC, 2000), the 
Hood Canal Summer Chum Conservation Initiative by WDFW and Point No Point 
Treaty Council (WDFW, PNPTC 2000), and the Kitsap Peninsula Salmonid Refugia Study 
(Kitsap County, 2000). Tribes and WDFW are currently mapping fish-bearing streams 
through the Salmon & Steelhead Habitat Inventory Assessment Program (SSHIAP).  
Ecology, the Navy and EPA are addressing water quality issues in Dyes and Sinclair 
inlets, and Ecology is sponsoring a water quality improvement process in the Union 
River.  Ecology has identified WRIA 15 as a priority watershed in the Northwest Region 
for processing of water right change applications.  Instream flows have been established 
for most of the watershed under Chapter 173-515 of the Washington Administrative 
Code. 
 
WRIAs 15 is located in the Puget Sound in western Washington State and located in the 
rain shadow of the Olympic Range (Figure 1.1).  The physiography of the watershed is 
relatively flat (Figure 1.2).  The watershed has been divided into 22 hydrologic sub-areas 
18 were delineated during the Kitsap County IBA (Figure 1.3) and the Planning Unit 
delineated the remaining 6.  Precipitation is highly variable across the season, the winters 
tending to wet and summers quite dry.  Generally, 79% of the annual precipitation falls 
between the months of October and March.  Water resources available for water use are 
totally dependent on precipitation and subsequent groundwater recharge and runoff to 
supply streams and rivers. In addition, groundwater recharge during the months of 
October to March maintains river flows throughout the drier months.  Groundwater and 
surface water are used to supply water to a growing population, for domestic water 
supply, agriculture, industry, wildlife and recreation.  Given that water resources in the 
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watershed are limited by climate, watershed planning offers a tool for citizens, 
businesses, local governments as well as state and federal agencies to come together to 
make water resource management decisions. 
 
1.2 Purpose 
 
The Legislature’s purpose for watershed planning is “…[to determine] to provide local 
citizens with the maximum possible input concerning their goals and objectives for water 
resource management and development.”  The WRIA 15 Planning Unit’s purpose for 
watershed planning is to sustainably manage water resources for humans, fish and 
wildlife. A required component of the Watershed Planning Act (Ch. 90.82 RCW) is to 
conduct a quantitative analysis of the watershed including developing a water balance 
and assessing the current status of water allocation.  Because the Planning Unit has 
adopted all available optional components, management of water resources as it relates 
to water quality, habitat, and instream flows is also addressed.  The Planning Unit has 
great discretion with respect to the distribution of effort among these various 
components.  The Planning Unit has made application to Ecology for additional funding 
available for instream flow analysis. 
 
Thoughts on the possible final form of the watershed plan should be developed at the 
earliest stages of watershed planning and continue to evolve through all stages of the 
process.  Topics of the final watershed plan and the structure of implementation will 
require time to develop into a form that will be:  accepted by members of the Planning 
Unit; approved by the counties; and, be ready to be implemented.  An understanding at 
an early stage of what form the watershed plan may assume will allow the most focused 
and productive allocation of effort throughout Phase II of the process. 
 
1.3 Approach 
 
Phase II of the watershed planning process is to develop the technical basis for 
preparation of a Watershed Plan in Phase III.  Phase II is divided into two levels.  In 
Level 1 (data compilation and assessment), existing data were compiled and data gaps 
that may impair preparation of the Watershed Plan are identified.  In Level 2 (data 
collection and analysis), data collection may be conducted and analysis of the data made 
to support development of the watershed plan. 
 
There are 22 sub-areas within WRIA 15 that have been delineated for watershed 
planning, excluding Vashon Island.  The delineation of these sub-areas may be modified 
in later stages of watershed planning.  These sub-areas vary from relatively undeveloped 
with few impacts, to highly developed with multiple resource management challenges.  
The approach adopted in this work will aid in prioritizing the watershed’s sub-areas and 
identify data gaps and analysis that are needed to gain insight to each sub-area.  The 
result will help to efficiently focus efforts and resources to maximize understanding in 
areas where current and potential water resource management challenges exist.   
 
The approach to Level 1 Data Compilation and Preliminary Assessment is to fulfill 
selected requirements of the watershed planning grant (i.e., assessment of allocation, 
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preparation of a water balance and estimates of actual use).  Fulfillment of remaining 
requirements will be conducted in Level 2.  The approach and level of analysis will 
enable prioritization of the sub-areas to determine which sub-areas warrant further 
study and determine what additional information and analysis may be required (e.g., 
anticipated growth, water bodies listed under the Clean Water Act, areas of concern for 
listed salmonids, instream flows, etc.).   
 
Most of the parameters used to rank the sub-areas have been quantified for the sub-areas 
covered in the IBA.  For those sub-areas extending outside of the coverage of the IBA, the 
parameters have been updated.  This quantification of parameters allows the Planning 
Unit to prioritize sub-areas for purposes of further assessment and/or data collection and 
analysis.  The Planning Unit may wish to reconsider the weighting of parameters this 
study used in prioritizing the sub-areas for future work prior to conducting the Level 2 
Analysis. 
 
Most analytical results have been reported without consideration of significant digits.  
Proper reporting would involve the use of scientific notation or rounding numbers off.  
The former was not considered for the purpose of ease of reading.  The latter was not 
globally applied due to the budget available for editing the report. 
 
A draft scope of work for Level 2 will be developed as the final step in this study, based 
on the final prioritization of sub-areas and in keeping with the vision that is developed 
for the final plan (Phase III). 
 
1.4 Objective 
 
The objective of this report is to allow for comparison of sub-areas in WRIA 15 in order to 
prioritize the sub-areas for further assessment.  The prioritization process will include 
evaluating relative allocation, number of applications for new water rights and changes, 
rate of increase in demand, exempt wells, fisheries issues, and instream flows.  This 
report is designed to address the following: 
 

• Fulfill selected requirements of the Phase II, Level 1 Assessment of the 1998 
Watershed Planning Act (Ch. 90.82 RCW); 

• Provide an inventory of core documents used in this assessment; 

• Create a water budget for the hydrologic cycle by sub-area for WRIA 15; 

• Assess the degree of allocation and actual use of water; 

• Create a matrix of the sub-areas and quantified parameters established by the 
Planning Unit; 

• Use the quantified parameters to rank the sub-areas and determine in which sub-
areas more in-depth study should be conducted;  

• Provide a preliminary assessment of information gaps; 
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• Provide the foundation upon which a detailed scope of work, budget, and 
schedule for Level 2 Assessment of Phase II of watershed planning will be 
developed. 

 
Several significant studies have recently been conducted on the natural resources of the 
Kitsap Watershed. The primary one is the Initial Basin Assessment (IBA; Economic & 
Engineering Services, 1997) commissioned by Kitsap PUD. While this study is similarly 
formatted to the Initial Watershed Assessments prepared in 1994 by Ecology, the IBA 
goes into more depth than the typical Phase II, Level 1 Watershed Assessment.  
 
The IBA was restricted to Kitsap County and did not cover all of the Kitsap Peninsula 
(WRIA 15).  This report will update selected parameters of work presented in the IBA 
and will address the following WRIA 15 sub-areas located in Mason and Pierce Counties 
in greater detail: 

 
Coulter     Long Branch 
Dewatto      McNeil/Anderson  
Gig Harbor      Tahuya 
Key Center      Union 

 
These sub-areas were either not included in the IBA, or their extents have been 
significantly expanded as a result of the delineations for WRIA 15 planning. The Olalla 
Sub-area is not included in this list, because the extents of the sub-area did not 
substantially change with the addition of the portion of WRIA 15 in Mason and Pierce 
Counties.   
 
1.5 Authorization and Acknowledgements 
 
This report is prepared in fulfillment of Task 600 of the November 27, 2001 scope of work 
entitled “Kitsap watershed, Water Resource Inventory Area 15 Watershed Planning – 
Phase II Level 1 Data Assessment” This scope of work was agreed to in a contract signed 
between Kitsap County and Golder Associates Inc. (Golder) in January 7th, 2002 under 
Kitsap County contract number KC-447-01.  
 
The WRIA 15 Steering Committee contributed significantly to the preparation of this 
report.  Keith Folkerts, Kitsap County Natural Resources Coordinator, is the WRIA 15 
Administrative Lead, on behalf of Kitsap County. 
 
Chris Pitre, Senior Project Manager, Water Resources, is the project manager on behalf of 
Golder Associates Inc.  David Banton of Golder is the Principal in charge.  Philip 
Beetlestone, Donna DeFancesco and Michael Klisch of Golder participated in data 
collection, analysis and report preparation.  Marc Horton and Jerry Louthain of 
Economic & Engineering Services, Inc. consulted on this project and have participated in 
the scope development, project review, provided strategic guidance in the execution of 
work and quality assurance. 
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1.6 Report Organization 
 
This report is organized into three main sections: the main text, tables and figures that 
are organized by sections. 

The main text is organized in to eleven sections as follows: 

Section 1 outlines the report objectives, scope and organization. 

Section 2 provides background information on the Watershed Management Act 
including past and present planning activities. 

Section 3 explains the hydrologic cycle and its important components at the 
watershed scale. 

Section 4 describes the regional setting of the WRIA including physiography, climate, 
geologic setting and population. 

Section 5 evaluates the hydrologic cycle water balance for the sub-areas in Mason 
and Pierce counties and updates the balances of those in Kitsap County. 

Section 6 compiles and characterizes the existing water rights and water use. 

Section 7 estimates and characterizes actual water use for all sub-areas. 

Section 8 characterizes and describes surface water quality issues. 

Section 9 discusses fisheries habitat prioritization in the WRIA. 

Section 10 summarizes the key characteristics of each sub-area not addressed in the 
IBA. 

Section 11 prioritizes the sub-areas based of criteria established by the planning unit 
and identifies data gaps. 
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2. WATERSHED PLANNING 
 
The 1998 Washington State legislature passed House Bill 2514, codified into Ch. 90.82 
RCW, to set a framework for addressing the State’s water resources issues: 
 

“The legislature finds that the local development of watershed plans for managing 
water resources and for protecting existing water rights is vital to both state and 
local interests. The local development of these plans serves vital local interests by 
placing it in the hands of people: Who have the greatest knowledge of both the 
resources and the aspirations of those who live and work in the watershed; and 
who have the greatest stake in the proper, long-term management resources. The 
development of such plans serves the state’s vital interests by ensuring that the 
state’s water resources are used wisely, by protecting existing water rights, by 
protecting instream flows for fish and by providing for the economic well-being of 
the state’s citizenry and communities.  Therefore the legislature believes it 
necessary for units of local government throughout the state to engage in orderly 
development of these watershed plans.” 

 
Twelve State agencies signed a Memorandum of Understanding identifying roles and 
responsibilities for coordination under the Watershed Planning Act. This memorandum 
commits these agencies to work through issues in order to speak with one governmental 
voice when sitting at local planning unit tables. The following agencies signed this 
document:  
 

• The Department of Agriculture 

• The Conservation Commission 

• The Department of Community, Trade and Economic Development 

• The Department of Ecology 

• The Department of Fish and Wildlife 

• The Department of Health 

• The Department of Natural Resources 

• The Department of Transportation 

• The Interagency Committee for Outdoor Recreation  

• The Puget Sound Water Quality Action Team 

• The Salmon Recovery Office, within the Governor’s Office 

• The State Parks and Recreation Commission 

 
The purpose of the 1998 Watershed Management Act (WMA) is to provide a framework 
for local government, interest groups and citizens to collaboratively identify and solve 
water related issues in each of the 62 Water Resource Inventory Areas (WRIAs) of 
Washington State. 
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The WMA does not require watershed planning but instead enables a group of initiating 
agencies to: 
 

• Select a lead agency; 

• Apply for grant funding; 

• Define the scope of the planning; and, 

• Convene a local group called a planning unit for the purpose of conducting 
watershed planning. 

 
The initiating agencies include all the counties within the WRIA, the largest municipality 
and water purveyor within the WRIA.  Indian tribes with reservation lands within the 
watershed must be invited to participate as an initiating government; although their 
participation is optimal, participation is not required for watershed planning to proceed.   
 
Upon successful completion of Phase I, Ecology may grant up to $450,000 per WRIA to 
fund watershed planning:  $200,000 for Phase II (Assessment), and $250,000 for Phase III 
(Watershed plan development).  Under the law, the Planning Unit has considerable 
flexibility to determine the planning process, focus on areas or elements of particular 
importance to local citizens, assess water resources and needs, and recommend 
management strategies.   
 
The WMA identifies four topics that can be addressed within the watershed assessment 
plan.  Water quantity must be addressed if grant funds are accepted.  Water quality, 
habitat and instream flows may be addressed but are optional.  The Kitsap Planning Unit 
has elected to address all optional components.  The law specifies certain types of 
information that must be gathered and a range of water resource management strategies 
that need to be addressed. 
 
Ecology may also make available supplemental funding of up to $100,000 for expanded 
studies on of each of the following areas: instream flow, water quality and storage.  The 
Planning Unit has submitted applications for supplemental funding to support instream 
flow studies in WRIA 15.  Future applications may be made for funding to support water 
quality and storage considerations. 
 
The law also includes constraints on the activities of planning units.  For example, the 
Planning Unit does not have the authority to change existing laws, alter water rights or 
treaty rights, or require any party to take an action unless that party agrees.  A watershed 
plan may, however, contain recommendations for changing state or local laws. 
 
Three phases of watershed planning are identified in the WMA: 
 
• Phase I - Organization 

• Phase II - Assessment 
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⇒ Level 1 Assessment: A compilation and review of existing data (within time and 
budget limitations) relevant to defined objectives.  If the Planning Unit decides 
that the existing data are sufficient to support the management requirements of 
all or some of the issues, the Planning Unit may choose to skip Level 2 and move 
on to Level 3 for these issues. 

⇒ Level 2 Assessment:  Collection of new data within the time frame of the 
planning process to fill data gaps and to support decision needs. 

⇒ Level 3 Assessment:  Long term monitoring of selected parameters following 
completion of the initial watershed plan to improve management strategies. 

• Phase III - Planning 

The WMA calls for a consensus approval of the watershed plan by all members of the 
Planning Unit, or a consensus of the initiating governments and a majority vote by the 
remaining members of the Planning Unit.  Following approval by the Planning Unit, the 
WMA calls for a joint session of the legislative session bodies of all counties in the 
watershed to consider the plan.  The counties can recommend changes to the plan but 
the Planning Unit must agree to make the changes for them to be effective.  Once the 
plan has been approved by the county’s legislative body and the Planning Unit, the 
county and state agencies are required to implement the plan. 
 
The Planning Unit shall not add an element to its watershed plan that creates an 
obligation unless each of the governments to be obligated has at least one representative 
on the planning unit and the respective members appointed to represent those 
governments agree to add the element that creates the obligation.  Obligations agreed to 
by agencies shall be adopted by rule as soon as possible (Ch.  90.82.130 (3) RCW). 
 

 
2.1 The Watershed Planning Concept 
 
Watershed planning within Watershed Resource Inventory Areas (WRIAs) recognizes 
the large scale and complexity of water resources and the wide variety of factors that 
influence the amount of water available for use.  Although the geographic area contained 
in a WRIA rarely corresponds with political/jurisdictional boundaries, water resource 
issues such as water supply, water quality, and habitat for fish and wildlife are closely 
linked together within watersheds. 
 
From an assessment perspective, the watershed (or basin) scale is appropriate because 
the hydrologic processes that occur within WRIA boundaries can be approximated by a 
basin scale hydrologic cycle or equation.  This equation can be expressed generally as 
“water inflow to the basin is equal to water outflow from the basin plus / minus changes 
in water storage within the basin”.  With a conceptual understanding of the hydrologic 
cycle within a basin, planners can gain an insight on how future actions within the 
watershed may impact water resources. 
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2.2 The WRIA 15 Planning Unit 
 
The Initiating Governments started the Kitsap Watershed Planning effort in 1999.  These 
include all counties with land within the WRIA (Kitsap, King, Pierce, and Mason 
Counties), the largest municipality (City of Bremerton), the largest non-municipal 
purveyor (Silverdale Water District), and tribes with reservation lands within the WRIA 
(Port Gamble S'Klallam Tribe and Suquamish Tribe).  In November 2000 the initiating 
governments expanded to also include the Skokomish and Squaxin Tribes; the Cities of 
Bainbridge Island, Gig Harbor, Port Orchard, and Poulsbo; and water purveyors of 
Annapolis, and North Perry water districts as well as the Public Utility District No.1 of 
Kitsap County (Kitsap PUD).  The initiating agencies and their representatives are listed 
below. 
 
The following agencies and individuals are involved in the Watershed Planning Unit for 
WRIA 15:  
 

WRIA 15 Planning Unit Membership 
 

Name Affiliation 
 
INITIATING AGENCIES  
Kathleen Cahall* City of Bremerton 
Susan Clark* Pierce County 
Keith Folkerts* Kitsap County 
Dave Fuller* Port Gamble S'Klallam Tribe 
Morgan Johnson* Silverdale Water District 
Jason Manassee* Mason County 
GI James King County 
Art Schick* Suquamish Tribe 
 
CITIES  
Ross Hathaway Bainbridge Island  
Larry Curles* Port Orchard  
Bill Duffy* Poulsbo  
John Vodopich* Gig Harbor  
 
TRIBES  
Keith Dublanica Skokomish Tribe 
John Konovsky* Squaxin Island Tribe 
 
WATER PURVEYORS  
Dennis Coburn* Annapolis WD  
Bill Hahn* Kitsap PUD 
Harry Ireland*  Fox Island Water 
Lisa Raysby Peninsula Light Company 
 Manchester Water 
George Smalley North Perry  
Pat Wiles* Pierce County Regional Water Association 
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BUSINESS  
Ken Attebery* Port of Bremerton 
Al Martin*  Kitsap Homebuilders Association  
Ron Wiley  Nicholson Well Drilling  
Elizabeth Wilson*  Port Blakely Communities  
 
ENVIRONMENTAL  
Michelle Benedict Marine Science Society of the Pacific Northwest 
Arnie Kubiak  Bainbridge Island Water Group  
 Union River Basin Protection Association 
Bill Matchett* Hood Canal Environment Council  
Barbara Ann Smolko Key Peninsula Gig Harbor Island Watershed Council 
 
FISHERIES  
Wayne Daley Daley Designs  
Diane Jones* Chums of Barker Creek 
Liz Lathrop*  Peninsula Neighborhood Association  
 
RECREATION  
Don Larson Kitsap Diving Association 
Doug Skrobut* McCormick Land Company 
 
TIMBER/AGRICULTURAL  
Mike Madsen Mason Conservation District 
Laura Overton* Overton & Associates 
Carla Pizzano* Kitsap Conservation District 
Rod Reid* Alpine Evergreen 
 
NON-VOTING 
TECHNICAL RESOURCES 

 

Erick Miller Associated Earth Sciences, Inc. 
 
AT-LARGE PROPERTY 
OWNERS  

Vivian Henderson* Kitsap Alliance of Property Owners 
Jeremy Pratt Vashon Island  
 
SCIENCES  
Mike Means* Bremerton-Kitsap Health District 
Beverly Pavlicek* Bangor Naval Sub Base 
Jay Watson Hood Canal Coordinating Council 
 
WASHINGTON STATE  
  (All state agencies will be represented by the Department of Ecology) 
Geoff Tallent* Washington Department of Ecology 

* Denotes active participation 
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The following agencies and individuals makeup the WRIA 15 Steering Committee: 
 

WRIA 15 Steering Committee 
 

Name (Alternate) Affiliation 
 
Ken Attebery Port of Bremerton 
Jason Manassee (Bob Fink) Mason County 
Kathleen Cahall City of Bremerton 
Larry Curles City of Port Orchard  
Jeff Davis Washington Department of Fish & Wildlife 
Bill Duffy City of Poulsbo  
Keith Dublanica Skokomish Tribe 
Keith Folkerts (Paul Nelson) Kitsap County  
Dave Fuller Port Gamble S’Klallam Tribe 
Bill Hahn (Marty Sebren) Kitsap PUD 
Morgan Johnson Silverdale Water District 
Diane Jones Chums of Barker Creek 
Art Schick Suquamish Tribe 
Geoff Tallent Washington Department of Ecology 

 
The following individuals and firms have provided consulting services to the Watershed 
WRIA 15 Planning Unit. 
 

Name (Alternate) Affiliation 
 
Marc Horton (Jerry Louthain) Economic & Engineering Services Inc. 
Chris Pitre (Philip Beetlestone) Golder Associates Inc. 
Robert Wheeler (Chris Page) Triangle Associates, Inc. 

 
2.2.1 WRIA 15 Background Issues 
 
As population on the Kitsap Peninsula in both rural and urban areas has grown, the 
demand on water resources has also grown.  Since water resources are limited and the 
requirements of the natural environment and needs of people are not always 
commensurate, if the needs of both are to be met the resource will require management.  
Some of the important issues to the planning unit and in the watershed planning process 
include: 
 
2.2.1.1 Water Quantity 

Water resources in the Kitsap watershed is limited to that provided by precipitation.  
There is no contribution from upstream watersheds.  The primary waterbody accessed 
for development is groundwater.  The precipitation provides water to the terrestrial 
environment as runoff in streams and recharge to groundwater.  Some of the 
groundwater discharges back to streams in the form of baseflow, while the remainder of 
groundwater discharges to Puget Sound.  Redirecting the flow of water within the 
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watershed through groundwater withdrawals or surface water diversions may result in 
impacts to the natural system.  Such impacts may be manifested as the direct reduction 
of stream flows, reduction of baseflows, and associated effects such as higher surface 
water temperatures.   
 
Development of land in the watershed also affects the flow of water through the 
watershed.  Deforestation, impervious surfaces and constructed of stormwater 
conveyance facilities route water rain more quickly to streams and out of the watershed, 
rather than allowing it to recharge to groundwater and subsequent slow release to 
streams as baseflow.  
 
2.2.1.2 Water Allocation 

Ecology has significantly reduced the issuance of water rights within the Kitsap 
Watershed pending a better understanding of potential impacts that may result.  A 
primary purpose of watershed planning is to develop an understanding of what level of 
allocation may be allowable in which geographic areas.  Most of Ecology’s water rights 
activity in the Kitsap Watershed deals with changes to existing water rights.  This study’s 
assessment of the current degree of allocation and actual use is also helpful in evaluating 
current impacts resulting from such use, and as an indicator of potential impacts from 
future allocation and use.  
 
2.2.1.3 Exempt Wells 

Exempt wells are the use of groundwater that does not require a permit and generally 
serve one to six residences.  Individually, exempt wells may have insignificant impacts 
on the water resources of the watershed, however when taken collectively, they may 
form a significant portion of the total water resource development.  Where land use 
development associated with exempt wells occurs in conjunction with septic systems, a 
significant portion of the extracted water may be returned to the aquifer system (less the 
amount used for landscape irrigation and lost to evapotranspiration).   
  
A purpose of this Level 1 Assessment is to provide a quantitative understanding of the 
relative degree and distribution of exempt well development within the watershed to 
allow the Planning Unit to decide whether to incorporate considerations of exempt wells 
into the watershed plan. 
 
2.2.1.4 Water Quality 

The WRIA 15 Planning Unit has assumed the optional component of water quality in the 
watershed planning process.  A number of surface water bodies in the watershed have 
been listed under section 303(d) of the Clean Water Act.  Establishment of Total 
Maximum Daily Loads (TMDLs) and Clean Up Action plans are currently underway for 
several water bodies.  Maintaining a high level of water quality is important to the 
watershed for recreational and commercial (e.g., shellfish) use, for the maintenance of 
salmonid habitat, and for the long-term protection of groundwater quality. 
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The Kitsap Planning Unit has entered into an agreement with the Hood Canal 
Coordinating Council (HCCC) to work closely on water quality issues.  The HCCC will 
be providing leadership in this technical area and was established in 1985 in response to 
concerns about water quality problems and related natural resource issues in and around 
the Hood Canal.  The HCCC has developed a recovery strategy to guide the selection 
and ranking of projects to do the most good for the most number of species and number 
of fish in the Hood Canal and Eastern Strait.  Their objectives include: 

• Developing and maintaining a database of recovery projects and protection activities.  

• Coordinating with WRIA Groups/Planning Units. 

• Providing Public Education and Information about Salmon Recovery, Water Quality 
and Shellfish Resource Protection. 

• Seeking funding for Salmon Recovery Planning and Water Quality Protection 
Efforts. 

 
2.2.1.5 Fisheries Habitat 

Water quantity and quality are important to fish habitat.  The decline in salmon 
abundance and recent listing of Puget Sound chinook and Hood Canal summer chum 
under the Endangered Species Act reflect a coast-wide decline in salmon habitat quality. 
Local efforts are being undertaken to address habitat concerns include the efforts by 
citizen committees formed under the Salmon Recovery Act (Ch. 75.46 RCW) to identify 
and prioritize salmon restoration and preservation projects. Maintaining viable and 
healthy aquatic habitat will reflect a successful resolution of many of the other water 
resource management issues in the watershed.  The agreement with the HCCC also 
includes coordination on the salmon habitat component of watershed planning.  
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3. THE HYDROLOGIC CYCLE 
 
The hydrologic cycle forms the technical basis for watershed planning.  At a global scale, 
the hydrologic cycle describes the circulation of water between the oceans, atmosphere 
and land.  At the watershed scale, the hydrologic cycle focuses on the land-based 
hydrologic system that is bounded by surface water divides.  For WRIA 15, the 
watershed area is comprised of the Kitsap Peninsula and adjacent islands.  The 
watershed discharges water to the surrounding marine waters of the Puget Sound.  
 
A watershed must be viewed as a combination of both the surface drainage area and the 
subsurface soils and rocks that underlie the watershed (Figure 3.1).  A good 
understanding of the hydrologic cycle at the watershed scale involves an inventory of 
the water inputs, outputs and storage within the watershed.  Knowledge of the dynamic 
processes of a watershed hydrologic cycle provides an understanding of what effects 
various resource management approaches will have on the natural system. 
 
In order to inventory and ultimately model a watershed, it is useful to also represent the 
hydrologic cycle as a systems diagram.  Figure 3.2 illustrates the systems approach to the 
basin scale hydrologic cycle and differentiates between those terms that involve rates of 
movement (hexagonal boxes) and those that involve storage (rectangular boxes). 
 
The hydrologic cycle, illustrated in Figures 3.1 and 3.2, is a network of inflows and 
outflows that may be expressed as a water balance or water budget by equating the 
primary variables (input, output and change in storage): 
 

Input = Output + /- Change In Storage 
 
This equation is a conservative statement that assures that all the water within the 
watershed is accounted for and that water cannot be lost or gained. 
 
The main input to the hydrologic system is precipitation, in the form of rainfall and 
snowmelt.  The amount of precipitation is the primary control on the amount of water 
that may be available within the watershed.  Secondary inflows to the hydrologic system 
include groundwater recharge and surface water recharge into the watershed.  
 
Outflow from a watershed occurs naturally as streamflow or runoff, groundwater 
discharge and as evapotranspiration.  Evapotranspiration is the combination of 
evaporation from open bodies of water, evaporation from soil surfaces and transpiration 
from the soil by plants.  Outflow from a watershed also occurs as a result of human 
consumption and redirection of flows 
 
Movement of water within a watershed occurs naturally through a number of processes.  
Overland flow delivers precipitation to stream channels.  Infiltration results in 
movement of water at the land surface downward into the subsurface.  Groundwater 
flow results in movement of water within the subsurface.  Baseflow delivers 
groundwater to stream channels.  Streamflow or surface water flow results in movement 
of water within stream channels.  The natures of the land surface and subsurface 
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determine infiltration and groundwater flow rates.  Infiltration rates and groundwater 
flow rates, in turn, influence the timing and spatial distribution of surface water flows.  
Groundwater flows and surface water flows are linked by the relationships between 
infiltration, groundwater recharge, baseflow and streamflow generation. 
 
Movement and outflow/inflow of water within a watershed is also impacted by a 
number of human factors including groundwater pumping, extraction of surface water, 
stormwater generation and discharge, wastewater generation and discharge, and 
agricultural and land use practices. 
 
The hydrologic cycle at a watershed scale is most commonly analyzed on an annual basis 
over the water year, defined as October 1 through September 30 (i.e. the beginning of 
autumn through to the end of summer).  Successive years are compared so that changes 
in the water budget (and its components) can be assessed.  The primary variables are 
affected by seasonal, interannual, interdecadal and decadal variability (e.g.: dry versus 
wet years; El Nino / La Nina; and, Pacific Decadal Oscillations, respectively).   
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4. KITSAP WATERSHED DESCRIPTION 
 
The Water Resources Act of 1971 defined 62 Watershed Resource Inventory Areas 
(WRIAs) in Washington State for the purposes of managing water resources including 
the administration of water rights.  The Kitsap Watershed comprises WRIA 15, is located 
in northwestern Washington State and is bounded by the maritime waters of the Puget 
Sound, Hood Canal, Nisqually Reach and Case Inlet (Figure 1.3).  The Kitsap watershed 
is comprised of the Kitsap Peninsula and adjacent islands including Anderson, 
Bainbridge, Blake, Fox, Herron, Ketron, McNeil, Raft and Vashon.  A small three-mile 
stretch of land separates the Hood Canal from Case Inlet and connects the Kitsap 
Peninsula to the mainland.  The WRIA covers an area of 676 sq. miles (432,068 acres) and 
is subdivided by four counties (Kitsap, King, Mason and Pierce; Figure 1.1).  The greatest 
percent of the WRIA is in Kitsap County followed by Pierce, Mason, and King Counties.   
 

 Acres  Square Miles Percent 

Kitsap County 257,224 402 59% 

Pierce County 80,797 127 19% 

Mason County 69,876 109 16% 

King County 24,171 38 5% 

Total WRIA 15 432,068 676 100% 

 
The majority of the watershed’s population is located in unincorporated areas.  The 
major incorporated population centers are Bainbridge Island, Bremerton, Gig Harbor, 
Poulsbo, and Port Orchard.  In addition, the Port Madison Suquamish and the Port 
Gamble S’Klallam Indian tribes have reservations lands in the northern portion of the 
WRIA.  The United States Navy has three bases in the watershed:  the Naval Submarine 
Base Bangor, the Undersea Warfare Center in Keyport; and the Puget Sound Naval 
Shipyard in Bremerton.  Portions of WRIA 15 are within the treaty areas of the Squaxin 
Island, Skokomish and Puyallup Tribes. 
 

4.1 Physiography 

The WRIA’s physiographic and topographic features are similar to much of the area 
surrounding the Puget Sound and were formed by the deposition of glacial drift.  The 
most predominant deposit on the peninsula is glacial till; silts and clays were also 
deposited. The topography is moderately subdued and consists of flat-topped rolling 
hills and undulating uplands.  Elevations range from 100 to 400 feet MSL, with the 
exception of Green and Gold Mountains, in the central portion of the peninsula, several 
miles west of Bremerton, which rise to approximately 1,700 feet MSL.  The upland areas 
bordering the coastline are generally steep or terminate with sea cliffs or bluffs. 
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4.2 Sub-areas 
 
The Kitsap watershed is subdivided into sub-areas, which are based on surface water 
and topographic divides, and hydrogeological considerations such as aquifer extents.  In 
extending the sub-area coverage addressed by the IBA in Kitsap County into the rest of 
the WRIA, the McCormick sub-area used in the IBA was split into the Coulter and Key 
Center Sub-areas.  Including the areas of Pierce and Mason Counties in WRIA 15 resulted 
in an additional six sub-areas (Gig Harbor, Long Branch, McNeil/Anderson, Vashon, 
Tahuya, and Union).  These sub-areas are largely consistent with surface water 
boundaries.  Consideration of the groundwater hydrogeology of these sub-areas may 
justify modification of the sub-area boundaries in later stages of the watershed planning 
process.  Figure 1.3 and Table 4-1 lists all sub-areas comprising WRIA 15 and their 
respective areas. 
 
The analysis in this Level 1 Assessment is conducted at the resolution of these sub-areas.  
However, conditions may vary internally within a sub-area and general findings arrived 
at in this Level 1 Assessment about each sub-area may not be applicable to the complete 
sub-area.  Potential inconsistencies may be addressed in more detailed planning that will 
result from the overall watershed planning process.  
 
4.3 Climate 
 
The Kitsap Peninsula has a temperate maritime climate and is typified by short, cool, dry 
summers and prolonged mild, wet winters (EES, 1997).  Temperatures range from an 
average low of 39.4 oF (4.1 oC) in December to an average high of 64.4 oF (18.0 oC) in 
August (PRISM).  Annual precipitation varies considerably over the region ranging form 
from an average of less than 30 inches on the north tip of the peninsula to greater than 
60 inches around Green and Gold Mountains in the center of the southwestern arm of 
the peninsula.  The driest month is July and wettest December.  Generally, temperatures 
infrequently drop below freezing and snowfall accumulation is minimal. Precipitation 
supplies groundwater recharge and stream runoff throughout the watershed.  All water 
flowing out of the watershed eventually discharges to the surrounding marine waters of 
Puget Sound. 
 
4.3.1 Precipitation 
 
In assessing watersheds, quantifying the amount and variability of precipitation is of 
utmost importance because it supplies inputs for groundwater recharge and stream 
flows.  Precipitation varies both temporally and spatially.  This variability is complicated 
by multiple factors such as seasonal variation, dry versus wet years, El Nino / La Nina, 
and Pacific Decadal Oscillations.  In addition regional and local topographic features and 
water bodies can affect precipitation. 
 
Although precipitation falls as rain or snow, there are negligible snow influences in the 
hydrology of this watershed.  Rainfall has the potential to runoff into streams (though 
not all rainfall runs-off immediately due to the occurrence of infiltration, evaporation, 
etc.).  Because snowfall in the study area is minimal and snowpack is not a factor in the 



June 21, 2002 18 023-1020.160 

storage of water, the volume of water realized from snow and snowpack, that could 
contribute to streamflows and aquifer recharge will be considered negligible.  Therefore 
snowfall and snowpack are not being addressed in this report.  
 
Because WRIA 15 is essentially bounded on all sides by marine water bodies and there 
are no water bodies flowing on to the peninsula (i.e., there are no upstream watersheds) 
precipitation is the sole natural input of fresh water source for recharge and runoff. 
 
4.3.1.1 Spatial distribution 
 
There are seven National Oceanic and Atmospheric Administration (NOAA) Cooperative 
meteorological stations in and around WRIA 15 that can aid in understanding 
precipitation variations across the region (Figure 4.1 and Table 4-3).  These stations were 
selected because they have periods of record greater than 50 years.  The IBA identified 
many more stations, however their periods of record were generally less than 20 years.  
To augment the data from the NOAA stations outputs from the Parameter-Elevation 
Regressions on Independent Slopes Model (PRISM) were used to represent precipitation 
data for the WRIA.   
 
The PRISM model uses point data and a digital elevation model (DEM) to generate 
gridded estimates of climate parameters (Daly and others, 1994).  Unlike other statistical 
methods in use today, PRISM was written by meteorologists specifically to address 
climate.  PRISM is well suited to reflect the effects of terrain on climate.  This study uses 
PRISM to estimate mean annual, mean monthly and event-based precipitation, 
temperature, and other variables.  The model grid resolution is 4-km square.  The 
outputs used in this study are re-sampled to 2-km resolution using mathematical filtering 
procedures (Daly and others, 1994). 
 
The PRISM precipitation data are considered to be of high quality due to the vast 
amount of data used in the analysis and the high degree of peer review, which the 
product has received since it was published.  
 
In order to confirm if PRISM precipitation data adequately approximates the actual 
precipitation within the WRIA 15, a comparison was made between average annual 
PRISM precipitation and average annual precipitation for seven representative WRIA 15 
NOAA climate station data (Figure 4.1 and Table 4-2).  All stations agreed to within 2.4 
percent of the PRISM data. 
 
4.3.1.2 Discussion 
 
Long-term isohyetal maps based on PRISM data are shown in Figures 4.1 and 4.2 and 
present mean annual and mean monthly PRISM precipitation data, respectively. A 
discussion of the spatial and temporal variability of precipitation is presented below.   
 
Precipitation variability across WRIA 15 is primarily a function of elevation, rain shadow 
from the Olympic range and proximity to upland areas. Precipitation ranges from just 
under 30 inches a year on the northern tip of the Peninsula in the rain shadow of the 
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Olympic Range to over 62 inches on the southwestern arm of the peninsula.  On a 
seasonal basis WRIA 15 receives 83% of its precipitation during a seven-month period 
from November to April.  Only 7.6% of annual precipitation falls during the summer 
months of June, July and August when water use is potentially the greatest from plants 
and human activities.  December and July are the wettest and driest months respectively.  
More specifically, the spatial distribution of average annual precipitation within WRIA 15 
ranges from: 

• 15-30 inches on the northern tip of the Kitsap Peninsula.  This area sits in the rain 
shadow of the Olympic range. 

• 30-45 inches across areas north of Liberty Inlet and the eastern portion of 
Bainbridge Island. 

• 45-60 inches of precipitation occurs across the rest of WRIA 15, excluding the 
central portion of the southern arm of the peninsula.  

• 60-75 inches in the central portion of the southern arm of the peninsula, 
extending from Green and Gold Mountains to the Great Bend of the Hood Canal.  

 
The average monthly PRISM precipitation for WRIA 15 (Figure 4.2) illustrates that the 
majority of the WRIA 15 precipitation occurs between November and March.  Table 4-2 
lists average monthly and annual precipitation by sub-area. 
 
The precipitation contours developed for the IBA were based available data, and were 
contoured using a contouring package (SURFER-minicurve fitting technique).  The 
differences between the two methods can be seen by comparison of Figure 4.1 of this 
report and Exhibit 3-1 of the IBA.  The IBA predicted these differences based on a 
recognition of orographic effects (IBA, page 3-1).   
 
4.3.2 Temperature 
 
Temperatures range from an average low of 39.4 oF (4.1 oC) in December to an average 
high of 64.4 oF (18.0 oC) in August (PRISM).  Temperature across the watershed is fairly 
consistent.  Deviations in temperature between sub-areas are very small, varying no 
more than 1 to 1.5 °F.  The Peninsula has an annual average of 51.2 °F.  Table 4-4 details 
mean monthly temperatures for each sub-area. August is the warmest month across the 
peninsula. From August the temperature drops to an average low of 39.3 °F in January. 
 

4.4 Geology 

The recent geologic history of the Kitsap Peninsula consists of Quaternary Pleistocene 
and Holocene unconsolidated glacial and interglacial sediments deposited over the last 
two million years.  The unconsolidated sediments were deposited over Tertiary bedrock 
materials consisting of basalt and consolidated sedimentary materials.  These sediments 
were deposited by at least six distinct glacial and interglacial periods, the most recent of 
which was the Vashon Glaciation.  The repeated glacial and interglacial episodes 
resulted in the deposition of up to 3,000 feet of unconsolidated sediments in the Puget 
Sound Lowland.   
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Each glacial deposition sequence generally consists of advance outwash deposits, 
overlain by till and recessional outwash deposits.  The outwash deposits form the 
primary aquifers from which groundwater is drawn.  Between glaciations, fine-grained 
interglacial sediments consisting of fine-grained alluvial or lacustrine materials (sand, silt, 
and clay) are interbedded with discontinuous lenses of sand, gravel, or peat.  The 
unconsolidated sediments have been subdivided into various geologic or hydrogeologic 
units in several areas of the Kitsap Peninsula by several investigators based on age, 
hydrogeologic properties, or other relationships.  Individual units within the glacial and 
interglacial sediments are generally discontinuous over wide areas due to the complex 
depositional and erosional history.  In spite of the lack of direct correlation between 
sediments, hydraulic continuity of deep aquifers has been demonstrated over fairly wide 
areas.  
 
Underlying the Quaternary deposits are Tertiary bedrocks comprising fine-grained 
marine and non-marine sediments and basalt.  The bedrock units generally occur at 
depth, with only scattered outcrops at the ground surface in the vicinity of Bremerton, 
Bainbridge Island, and Rocky Point.  The bedrock is generally fine grained.  The bedrock 
is not a regionally significant source of groundwater.  
 
4.5 Population 
 
Population density, spatial distribution and future growth are import in evaluating any 
watershed.  Current and future populations and their water use habits, provide a means 
of estimating of how much water is currently being used and may be used in the future.  
In addition, estimating current and future population is important component in 
determining the degree that a watershed’s water resources may be stressed.   
 
Population data were obtained from the US Census Bureau for the 1990 and 2000 census 
and was distributed by census block.  Census blocks are statistical areas, defined by the 
Census Bureau, bounded on all sides by visible features such as streets, roads, streams, 
and railroad tracks, and by invisible boundaries such as city, town, township, and county 
limits, and short imaginary extensions of streets and roads.  
 
Where census blocks straddle sub-area boundaries, the population of the census block 
was distributed between the sub-areas proportional to the area of the census block in 
each sub-area.  This assumes the population to be evenly distributed within the block.  In 
actuality, this may not be the case.  However, the error is considered acceptable for the 
purposes of this study given the size of the population being examined. 
 
Other planning efforts contain more detailed population analysis.  Planning documents 
have been prepared for individual communities such as Bremerton and Port Orchard.  
The Coordinated Water System Plan currently being prepared by Kitsap PUD by 
Engineering & Economic Services Inc. contains detailed growth projections by water 
system service area across Kitsap County with projections to the year 2050.  Because the 
data in these documents straddle sub-area boundaries, additional analysis than that used 
in this Level 1 Assessment is required to incorporate these data into a sub-area resolution 
of analysis.  Additionally, concentrations of some actual and projected high population 
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growth rates that are recognized in other planning documents with a finer spatial 
resolution are not reflected in the analysis here due to lumping these finer areas within 
larger sub-areas or splitting the among sub-areas.  In the Level 2 Assessment, data from 
the Puget Sound Regional Council may be examined for more detailed growth 
projections. 
 
4.5.1 General Distribution 
 
Population distribution in the WRIA can be differentiated as unincorporated or 
incorporated areas.  The majority of the population resides on the eastern shores of the 
peninsula, where access to Seattle and Tacoma is readily available either by bridge or 
ferry.  Twenty seven percent of the population lives within the incorporated areas of 
Bainbridge Island, Bremerton, Port Orchard, Poulsbo and Gig Harbor. Other major 
population centers include Silverdale, Belfair, Purdy, Kingston and Manchester.  The 
small discrepancies evident in population numbers are the result of several islands not 
being included in the sub-area population counts.  This analysis did not include Vashon 
Island.  The following table summarizes the general distribution of population in the 
watershed. 
 

Location Population 
(2000) 

Percent 

WRIA 15 Total 295,336 100% 

Kitsap County 231,969 78.5% 

Pierce County 56,262 19.0% 

Mason County 7,784 2.6% 

Incorporated Areas 216,801 73.4% 

Unincorporated Areas 78,538 26.6% 

Bainbridge Island 20,308 6.9% 

City of Bremerton 37,259 12.6% 

City of Gig Harbor 6,465 2.2% 

City of Port Orchard 7,693 2.6% 

City of Poulsbo 6,813 2.3% 

 
4.5.2 Recent Population Growth and Current Densities 
 
Current population was evaluated from 2000 US census bureau data and compared to 
1990 census data.  Table 4-5 presents, by sub-area, the current (2000) population, the 
change in population from the 1990 US Census, the population growth rate for 1990 to 
2000 and the population density per square mile.  This analysis is presented at the 
resolution of the sub-areas.  Significant variation from the average sub-area values may 
exist within smaller areas.  
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The largest population growth rates (i.e., 10-year growth rates greater than 50%) 
occurred in Anderson, Stavis, Longbranch and Bangor.  It should be noted that 
percentage increases in population do not necessarily translate to the greatest population 
increases.  The largest population increases, greater than 5,000 people, were in Bangor, 
Gig Harbor, Manchester and Bainbridge.  The most densely populated sub-areas (i.e., 
greater than 800 people per square mile) were Manette, Gorst, Bangor Manchester and 
Gig Harbor with densities of 2,242, 1,275, 955, 834 and 802 people per square mile.   
 
Figure 4.3 is a summary of the population growth, showing change in people per square 
mile and the 1990 – 2000 growth rate.  The greatest change in population density 
occurred in sub-areas on the eastern shore of the Peninsula having ready access to ferries 
and bridges to Seattle and Tacoma.  The smallest population density change occurred in 
sub-areas on the peninsula’s western shore, with the exception of McNeil/Anderson sub-
area. 
 
4.5.3 Projected Population Growth 
 
Projected growth in the watershed was assumed to continue at the current growth rates 
observed from 1990 to 2000.  Projected yearly growth rates are presented in Table 4-6.  
The watershed is anticipated to experience an average annual growth rate of 2.3% per 
year over the next 10 years.  Growing from a population of 295,336 in 2000 to a 
population of 370,900 in 2010.  The Washington Office of Financial Management (OFM) 
projects annual growth over the next 10 years, in the three counties in WRIA 15, to range 
from 2.0% to 2.8 Percent.  This assessment’s projections are consistent with OFM 
numbers. 
 
The largest population growth rates (i.e., greater than 4%) are projected to occur in 
Anderson, Stavis, Longbranch and Bangor sub-areas.  However, percentage increases in 
population do not necessarily translate into the greatest population increases.  
Population increases greater than 5,000 people are predicted in Bangor, Gig Harbor, 
Manchester, Bainbridge and Longbranch. 
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5. WATER BALANCE  
 
The hydrologic cycle forms the technical basis for watershed planning.  The traditional 
method for expressing the hydrologic cycle is through a water balance of the primary 
elements of the hydrologic cycle.  A physical water balance uses measured data or 
scientific methods to estimate current and future water use and availability.   
 
Alternative water balances may also be conducted.  Within a quantified limit of water 
availability, water may be apportioned among various uses including consumptive and 
non-consumptive out of stream uses, and environmental and instream flow uses.  A 
water balance of out of stream uses can also be prepared in which the timing of 
diversions/withdrawals and returns, consumptive uses, and wastewater streams are 
analyzed.   
 
This section presents an analysis of the primary components of a physical water balance. 
 
5.1 Physical Water Balance  
 
A good understanding of the hydrologic cycle at the watershed scale involves an 
inventory of the water inputs, outputs and storage within the watershed - a water 
balance (Figure 3.1).  The physical water balance expresses the primary variables (input, 
output and change in storage) of the hydrologic cycle through a simple relationship: 
 

Input = Output + /- Change In Storage 
 
This equation is a conservation of mass statement that assures that all the water within 
the watershed is accounted for and that water cannot be lost or gained. 
 
The hydrologic cycle’s distribution of components and timing of water movement can be 
altered by human impacts.  Water storage and transport affect the timing of surface 
water movement through the system in both the stream flow, evaporative and 
groundwater phases.  Changes in land use and land cover alter infiltration, evaporation, 
transpiration and run-off rates.   
 
5.2 Background Issues 
 
The Kitsap watershed is a not one single hydraulically closed system, but the composite 
of 23 sub-areas each draining into the Puget Sound and Hood Canal (this study analyzes 
22 sub-areas: Vashon Island is excluded).  All water in the system originates from 
precipitation that falls in the watershed as rain or snow.  Therefore, the Kitsap watershed 
lends itself well to a simple water balance using only precipitation inputs. 
 
Issues related to the application of a water balance to watershed planning include:  

• Aggregating the relative magnitudes of each hydrologic parameter at a sub-area 
geographic scale and a monthly time scale.  This format can be easily 
implemented in a spreadsheet, but lacks the fine scale necessary for specific site 



June 21, 2002 24 023-1020.160 

studies.  Therefore, it provides a basis for management strategies that will affect 
hydrologic features at a comparable scale.   

• Comparing the degree of allocation and actual use relative to the available water 
within a sub-area. 

• A water balance only provides a basic assessment of groundwater/surface water 
interactions at a sub-area scale.  Some hydrologic parameters in a water balance 
are directly measured (e.g. precipitation, municipal water use), some are assumed 
(e.g. surface water runoff is assumed to be 20% of precipitation), while 
groundwater is often calculated as a “residual” in the water balance equation.  
Water that cannot be accounted for in the surface water balance is assigned to 
groundwater.  This indirect approach may or may not achieve specific goals. 

• A water balance only provides a basic assessment of water availability for habitat 
needs.  Habitat management issues may require additional “fine scale” needs.   

 
For the water quantity component of watershed planning, the ability to effectively 
address allocation of water in relation to water availability is a primary goal.  A physical 
water balance can be an effective tool for this purpose.  Hydraulic simulations are 
another means to achieving a water balance.  Hydrologic simulations are considered to 
be a more rigorous method for determining a basin scale water budget, due to the 
detailed simulation of the natural processes of the basin, generally, on a smaller time-
step.  While simulations can provide more detailed information they can also be difficult 
to calibrate, manipulate and explain in the context of an allocation decision.  In addition 
they are highly dependant on the accuracy, density and distribution of available data. 
 
5.3 Objective and Level of Detail 
 
The watershed planning process is designed to bring stakeholders together as a group to 
determine the future of water management in their watershed.  The water balance is an 
important part of this process because it represents the integration of each watershed 
study component.  Therefore, the objective of the water balance is to provide a tool that 
can easily be understood and used by a diverse group of people for assessing allocation 
of water within sub-areas. 
 
For this study, the level of detail is a monthly and annual water balance at the sub-area 
scale.  The water balance will be performed using a simple spreadsheet that will clearly 
display each component and it’s relative influence on the water balance.  The calculation 
of the water balance will follow the methodology established in the Kitsap County Initial 
Basin Assessment. 
 
5.4 Description of Water Balance Approach  
 
This section describes the approach to completing the water balance.  Each water balance 
component was calculated, either directly or indirectly, using existing data sources.  
These components are then summed on a monthly basis within each sub-area to 
estimate a yearly water balance.   
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A water balance’s units are, by convention, inches and acre-feet.  Values expressed in 
inches are typically used to compare the relative magnitude of the components of the 
water balance within a sub-area.  Values expressed in acre-feet are typically used to 
compare the relative magnitude of the components of the water balance between sub-
areas.  This is an important distinction.  An inch of water in a large sub-area represents 
more water than an inch of water in a small sub-area.  
 
The following components will be incorporated for each sub-area water balance on both 
a monthly and annual time step.   
 

1. Total monthly precipitation:  derived by computing averages of monthly PRISM 
data (Section 4.3.1) by sub-area.   

2. Average monthly temperature: determined by averaging gridded PRISM 
temperature data by sub-area (Section 4.3.2). 

3. Run-off:  in the IBA, this is assumed to be 20% of precipitation. 

4. Soil Moisture:  calculated on a monthly basis using the methodology established 
by Thornthwaite and Mather. 

5. Potential Evapotranspiration:  calculated using the Blaney-Criddle method and 
adjusted to account for soil moisture to develop an estimate of actual 
evapotranspiration.  

6. A net water balance:  the residual calculated on a monthly basis in which 
groundwater recharge is estimated as the remainder from precipitation after 
accounting for run-off, evapotranspiration and changes in soil moisture.  

 
A description of the water balance calculation follows. 
 
The general approach for the annual water balance on a sub-area basis is: 
 
 P = RO + AET+∆SM + NR      [1] 
 
Where: 

P = Precipitation, an externally modeled component, based on measured data.  
RO = Runoff, a modeled component, a percent of precipitation based on USGS 

studies. 
∆SM = Soil moisture, on a monthly time step. 
AET = Actual evapotranspiration, on a monthly time step. 
NR = Net groundwater recharge calculated through the water balance. 

 
The methods used to estimate all components in the water balance are described below. 
 
5.4.1 Precipitation 
 
Monthly precipitation values, used in this assessment, were aggregated by sub-area 
using data modeled by Climate Source, Inc. (PRISM data) using weather data from 
stations with long periods of record and interpolated accounting for topographic 
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influences (see section 4.3 for a more detailed discussion of precipitation).  The 
precipitation contours developed for the IBA were based available data, and were 
contoured using a contouring package (SURFER-minicurve fitting technique).  The 
differences between the two methods can be seen by comparison of Figure 4.1 of this 
report and Exhibit 3-1 of the IBA.  The IBA predicted these differences based on a 
recognition of orographic effects (IBA, page 3-1).  Because of these differences, the 
precipitation, runoff and groundwater recharge values were recalculated using PRISM 
data in this Level 1 Assessment for all sub-areas. 
 
5.4.2 Evapotranspiration and Soil Moisture 
 
Evapotranspiration, the water evaporated by soil and transpired by plants, was 
calculated on a monthly basis using the Blaney-Criddle method (Dunne and Leopold, 
1978).  The Blaney-Criddle calculates potential evapotranspiration (PET) using longitude 
and latitude, average air temperature, the monthly fraction of annual day light hours 
and an empirical crop coefficient. 
 
Actual Evapotranspiration (AET) was calculated from the PET by accounting for changes 
in soil moisture using a method established by Thornthwaite and Mather.  As soil 
moisture changed PET was adjusted to account for water availability using the following 
criteria and resulting relationships: 
 
If precipitation is equal to or greater than potential evapotranspiration, then: 
 

AET = PET 
 

If precipitation is less than potential evapotranspiration, then: 
 

AET = PET  (if SM/SMC >= 0.75) 
 
Or: 

AET = PET*1.3*(SM/SMC)  ( if SM/SMC >= 0.75) 
 
Where: 

AET = Actual evapotranspiration (inches/yr) 
PET = Potential evapotranspiration (inches/yr) calculated by the Blaney-Criddle 

Method 
SM = Soil Moisture content from the pervious month (inches) 
SMC = soil moisture holding capacity (inches) 
 

Evapotranspiration for all 22 sub-areas was calculated using a soil moisture holding 
capacity of six inches and represents a loam soil with a rooting depth in the order of 
three feet. However, the soil moisture holding capacity in general varies with soil type.  
For the purposes of this water balance, SMC was taken to be a constant and therefore did 
not vary with soil type or by sub-area.  
 



June 21, 2002 27 023-1020.160 

The crop factor used in the Blaney-Criddle calculation is representative of a grass.  
However, much of the watershed is vegetated with conifers (EES, 1997).  Using a crop 
factor of grass will result in a conservative estimate of potential evapotranspiration, 
because grasses generally consume more water than conifers over the course of their 
growing cycle.  
 
5.4.3 Runoff 
 
The definition of runoff is quite variable and is dependent upon the time scale that is 
used in defining the portion of rainfall that ends up in streams.  Land use changes may 
significantly alter the runoff patterns both through impervious surfaces and through 
removal of forest duff.  Forest duff, comprised of organic litter, contributes a significant 
water holding capacity.  Simple replacement of forest duff with grass may result in 
significantly higher runoff, and less recharge to the groundwater system. 
 
Shallow perched subsurface flow (interflow), which contributes to stream flows within 
the time scale of hours to days after a precipitation event is also commonly included as 
runoff.  Baseflow hydrograph regression analysis may consider a time scale of several 
days to weeks and involve precipitation that has recharged to the shallow portion of the 
groundwater system and that subsequently discharges to streams.   
 
Groundwater discharge to streams several days to weeks after a precipitation event is 
generally considered to be baseflow, as defined through hydrograph regression analysis, 
even though it ultimately results in runoff.  The path taken by precipitation recharged to 
groundwater resulting in baseflow may flow through shallow and deep portions of the 
aquifer system.  Precipitation that is recharged to groundwater in the Kitsap watershed 
and does not discharge to streams, discharges to saline waters of Puget Sound and Hood 
Canal. 
 
The purpose of the analysis in this Level 1 Assessment is to provide a consistent 
quantification of parameters for comparison with the analysis conducted in the Initial 
Basin Assessment (IBA; EES, 1997) for prioritization of sub-areas for more detailed study 
in the Level 2 Assessment.  The IBA assumed a storm water runoff (RO) of 20% of the 
precipitation across all sub-areas based on studies conducted by the USGS in Kitsap and 
King Counties.  Therefore this value is used in the analysis presented here.  However as 
discussed earlier, runoff is highly dependent on land cover and the time period over 
which runoff is being evaluated 
 
5.4.4 Groundwater Recharge 
 
For the purposes of this Level 1 Assessment, groundwater recharge is assumed to be 
precipitation minus evapotranspiration and runoff (i.e., recharge = precipitation - 
evaporation - runoff).  The reliability of the groundwater recharge estimates is 
dependent upon the methods of analysis and accuracy applied to the estimates of 
evapotranspiration and runoff.  The Blaney-Criddle method of estimating 
evapotranspiration is well established and accepted.  The amount of precipitation 
remaining after evapotranspiration consists of runoff and groundwater recharge.  
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Therefore, artifacts of analysis from assumptions affecting runoff will inversely affect 
estimates of groundwater recharge.   
 
5.5 Discussion 
 
Estimates for each of the water balance components are presented in Table 5-1 and 
displayed in Figure 5.1.  The distribution of absolute value of the various water 
components versus precipitation is shown in Figure 5.2.  Precipitation remains relatively 
constant, regardless of the amount of precipitation.  Irregularities in the 
evapotranspiration trend are presumed to be attributable to slight differences in 
analytical methodologies applied in the IBA and in this Level 1 Assessment.  As 
precipitation increases, so do runoff and groundwater recharge.  
 
The distribution of the various water components versus precipitation is also shown as a 
percent of precipitation in Figure 5.3.  Because the absolute amount of precipitation 
remains constant, it decreases relative to precipitation as precipitation increases.  As 
precipitation increases, runoff remains constant at 20% of the precipitation, and 
groundwater recharge increases.   
 
Conceptually, evapotranspiration is relatively insensitive to precipitation above a 
minimum amount of precipitation if the main process of evapotranspiration is through 
vegetation.  Potential evapotranspiration (PET), and actual evapotranspiration as it 
relates to PET, is a function of temperature alone.  As precipitation increases, plants will 
transpire a relatively constant amount of water, and therefore evapotranspiration as a 
proportion of precipitation decreases with increased precipitation.   
 
At sufficiently low levels of precipitation, all water that does not go to evapotranspiration 
is recharged to groundwater with no runoff.  As precipitation increases, runoff forms.  At 
sufficiently high levels of precipitation, the maximum ability of the soil to receive water 
(field capacity) is reached and recharge becomes constant.  This results in a decreasing 
amount of recharge to groundwater as a proportion of water remaining after 
evapotranspiration, even as precipitation continues to increase.  This is not consistent 
with the constant runoff value of 20% used in the water balance calculations in this 
report, although it may be reasonable within the range of precipitation that occurs in the 
Kitsap Basin. 
 
The proportion of groundwater recharge to water remaining after evapotranspiration 
typically decreases at higher precipitation rates as the proportion of runoff increases.  
This in contrast with the trend of an increasing amount of groundwater as a proportion 
of the water remaining after evapotranspiration observed in Figure 5.3.  Additionally, the 
distribution of groundwater recharge between shallow and deep aquifers is not 
considered in this evaluation.  Water recharged to the shallow groundwater system 
provides baseflow to streams and recharge to deeper aquifers.  Water recharged to the 
deeper groundwater system discharges directly to Puget Sound and may provide some 
baseflow to streams. 
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Uncertainties and assumptions described in this section may introduce error into the 
monthly timing and volume of estimated hydrologic losses.  Possible sources of 
inaccuracies include: 

• Estimating runoff as a percentage of precipitation. Runoff is dependent on both a 
soil type and land use / cover patterns.  

• Aggregation temperature and precipitation by sub-area.  In some sub-areas 
topographic features, may have a great effect on both temperature and 
precipitation, 

• Using a single value for soil moisture content.  Soil moisture content is variable 
between soil types. 

• Using a single crop coefficient of grass to represent all vegetation types. 

 
Overall, for the purposes of this Level 1, Phase II watershed planning effort, the water 
balance estimates will provide a comparative understanding of water consumed by 
evapotranspiration and water estimated to recharge groundwater. 
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6. ALLOCATED WATER RIGHTS 
 
This section provides an assessment of the degree of allocation of water in the Kitsap 
watershed estimated from claims and   administratively issued water rights.  Ecology 
maintains a database to track and store water rights information, called the Water Rights 
Application Tracking System (WRATS) database.  An abbreviated version of the WRATS 
database that is current as of August 2001 was used for the assessment of allocation in the 
Kitsap watershed.  The analysis and estimates presented in this chapter are subject to the 
accuracy of the database provided by Ecology. 
 

6.1 Water Rights in Washington 

Administrative water rights issued by Ecology have existed in Washington State since 
June 7, 1917 for surface water and June 7, 1945 for groundwater.  These take the form of 
permits and certificates and are collectively referred to as   administratively issued water 
rights.  Legal water use since these dates requires application to, and approval from, 
Ecology.  Water rights are valid only as long as they are used, and except under specific 
conditions, cease to exist if they are not used for a continuous period of five years (i.e., 
they are relinquished).  The five-year non-use limit may not apply to municipal supply 
water rights.   
 
Water use before 1917 (for surface water) or 1945 (for groundwater) was “grandfathered” 
in and established a water right, subject to conditions (e.g., the water must have been 
applied to beneficial use prior to the 1917 and 1945 dates respectively, must not have 
been relinquished, etc.).  Such rights are referred to as claims, and must have been 
registered with Ecology.  A description of claims is presented below because of the 
uncertainty associated with the status of claims in the assessment of allocation.   
 
Since the establishment of the surface and groundwater codes, there have been four 
claim registration periods.  Therefore claims for water use may have been registered 
multiple times resulting in duplicate, triplicate, or possibly quadruplicate records in 
Ecology’s database for what is intended to be a single water right claim.  Claims do not 
necessarily represent a valid water right, and Ecology does not have the authority to 
determine their validity.  Claims must be adjudicated to establish their validity.   
 
The water right claim registration periods were as follows: 

• July 1, 1969 through June 30, 1974 

• July 1, 1979 through December 31, 1979 

• July 1, 1985 through September 1, 1985 

• September 1, 1997 through June 30, 1998 
 
Approximately 177,000 claims were filed statewide in the initial opening of the water 
right claims registry (July 1, 1969 through June 30, 1974) in response to Ch. 90.14.041 
RCW.  A list of the information that the claimant had to provide was specified in Ch. 
90.14.041 RCW.  In 1973, Ch. 90.14.041 RCW was amended to allow a less extensive list of 
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information – a "short form" filing.  The short form only requires inclusion of sufficient 
data to identify the claimant, source of water, purpose of use and legal description of the 
land upon which the water is used and is of limited evidentiary value in adjudications.  
With the amendment to Ch. 90.14.051 RCW in 1973, long forms (exclusively used prior to 
1973, and selectively used after 1973) and short forms were used to claim a water right.   

The intent was that short forms were supposed to be used only by those who were 
withdrawing water pursuant to Ch. 90.44.050 RCW (exempt wells), but that is not what 
happened in practice.  The language in Ch. 90.14.051 RCW is as follows:  "Except, 
however, that any claim for diversion or withdrawal of surface or ground water for those 
uses described in the exemption from the permit requirements of Ch. 90.44.050 RCW 
may be filed on a short form to be provided by the department."  This language is 
confusing because there is no exemption for the diversion of surface water under Ch. 
90.44.050 RCW.   

The second opening was from July 1, 1979 through December 31, 1979, and was created 
by Ch. 90.14.043 RCW.   
 
That section of the code was amended in 1985 to allow a third opening was July 1, 1985 
through September 1, 1985.  In those cases the claimant first had to petition the Pollution 
Control Hearings Board for a certificate and make a showing to the PCHB regarding 
their water use.  A certification was issued by the Pollution Control Hearings Board if, 
upon petition to the board, it was shown to the satisfaction of the board that:  
 

(a) Waters of the State have been applied to beneficial use continuously (with no 
period of nonuse exceeding five consecutive years) in the case of surface water 
beginning not later than June 7, 1917, and in the case of ground water beginning 
not later than June 7, 1945; or, 

 
(b) Waters of the State have been applied to beneficial use continuously (with no 

period of nonuse exceeding five consecutive years) from the date of entry of a 
court decree confirming a water right and any failure to register a claim resulted 
from a reasonable misinterpretation of the requirements as they related to such 
court decreed rights. 

 
If Ecology accepted the filing of the claim and entered it into the claims registry, the 
claimant received a certificate from the Board. 
 
The fourth opening from September 1, 1997 through June 30, 1998 was created by a new 
section of the code, Ch. 90.14.068 RCW.  These claims are commonly entered into the 
WRATS database without designation as to whether they are long or short form claims. 
 
Each of the openings came with limitations and differences from the other claim 
openings and most of that information can only be gleaned by reading the various laws 
that created/limited the openings.  For example, filings in the September 1, 1997 through 
June 30, 1998, opening have a water right priority date of the date the statement of claim 
is filed with Ecology – even though to be a valid claim the water use needed to start prior 
to 1917 for surface water and 1945 for ground water.  
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To determine the validity of claims an adjudication process must be conducted to resolve 
conflicts between water rights holders.  Adjudication is a court process that may be 
initiated by petition by a person claiming a right to water, by Ecology, or by planning 
units.  There have been no adjudications in the Kitsap watershed.   
 
Water rights may be established for instream flow values based on the Water Resources 
Act of 1971 (Ch. 90.54 RCW).  Instream flows established for WRIA 15, under the 
instream water resources protection program outlined in Ch. 173-500 WAC, are listed in 
Ch 173-515 WAC.  Regulated instream flow quantity is a water right with a 
corresponding priority date and period of use.  The purpose of establishing such flows is 
typically for the maintenance and/or protection of aquatic biota/fish, although other 
values may also be considered, such as water quality and recreational uses.  Water may 
also be reserved or set aside for future use.  Ecology must initiate a review of such 
regulations whenever new information, changing conditions, or statutory modifications 
make it necessary. 
 
Other forms of water rights not addressed in this section include, but not limited to, 
tribal rights and reserve rights of federal installations.  Groundwater rights for the 
withdrawal of up to 5,000 gallons per day of groundwater for prescribed uses are not 
addressed.  These rights may be established without application to Ecology, and are 
referred to as “exempt wells.”  Exempt well use is addressed in the section assessing 
actual use (Section 7).  
 
6.2 Methodology and Assumptions 
 
In partial fulfillment of the watershed planning grant-funding requirements, an 
assessment of allocated water in the WRIA 15 was conducted.  The characterization of 
water rights was based on: 

• Document type (certificat, permit, claim, etc.); 

• Purpose of use (municipal, irrigation, domestic, etc.); 

• Source type (surface water or groundwater); and, 

• Sub-area. 
 
The data source used for this water rights assessment is an abbreviated version of the 
Department of Ecology’s Water Rights Application Tracking System (WRATS) database 
The database was queried to extract all water rights, claims, and applications in WRIA 15 
to exclude those that were listed in the database in the “Document Status” field as 
relinquished, cancelled, rejected, or otherwise not in good standing.  The extracted 
WRIA 15 water rights data were placed into a new database.  There have been no 
adjudications in WRIA 15.  Quantification of the water rights is based on annual 
permitted quantities (Qa).   
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6.2.1 Characterization by Purpose of Use 
 
The database was then queried to extract the distribution of documents by purpose of 
use for both groundwater and surface water.  The order of data extraction was as 
follows: 
 

1. All documents including the “MU” (municipal) purpose of use; 

2. All documents including the “IR” (irrigation) purpose of use; 

3. All documents including the “CI” (commercial-industrial) purpose of use; 

4. All documents including the “D*” (domestic, single, general, multiple) purposes 
of use; and 

5. All documents including the non-consumptive purposes of use-power and fish 
propagation, and the infrequently used purpose of fire suppression. 

 
After each query, the queried records were removed from the database.  Representative 
water rights remaining after the above-listed queries included purposes of use for stock 
watering and recreation, among others.  These records constituted a small portion of the 
total records for WRIA 15 (about 3% of the total number of records).  The extracted data 
were queried to establish the distribution of records for each document type (certificate, 
permit, change, application, etc.).   
 
6.2.2 Assignment of Annual Withdrawal or Diversion 
 
Annual withdrawal or diversion (Qa) was assigned to all records in order to estimate the 
total Qa by each use category for each sub-area.  For most of the permits and certificates, 
the Qa is included in the database.  For some permits and certificates, and many long 
and short-form claims, Qa is not listed in the database and must be calculated. 
 
For records that did not have a defined Qa, a value was assigned based on the ratio of 
Qa to the instantaneous diversion or withdrawal (Qi) within each purpose of use 
category listed above.  Both median and mean values of Qa/Qi were evaluated (Tables 
6-1 and 6-2).  Median values were considered more statistically representative because of 
the skewed distribution of data created by a few large water rights.  Therefore median 
Qa/Qi values were used in assigning Qa values to records for which Qa is not defined in 
the August 2001 WRATS database.  For some categories of purpose of use, the Qa/Qi 
ratio is significantly different for groundwater and surface water.  In such cases, the Qa 
was assigned using the appropriate ratio.   
 
6.2.3 Certificates and Permits 
 
Municipal: The average and median ratio of Qa/Qi for municipal groundwater and 
surface water rights for which both Qa and Qi are defined are generally similar (Table 
6-1 and 6-2).  If no Qa was available, the Qa was estimated by multiplying the Qi by the 
median value of 506 AF/cfs for groundwater and 560 AF/cfs for surface water.   
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Irrigation:  For those permits and certificates without Qa but with irrigated acreage 
information, the Qa was estimated by multiplying the number of irrigated acres by a 
duty of 2 AF/acre.  A duty of 2 AF/acre was previously used in the Initial Basin 
Assessment to estimate irrigation water use (EES, 1997).  Based on analysis of Qa 
irrigated acreage information contained in the August 2001 WRATS database, the median 
administratively defined duty for groundwater certificates is 2.4 AF/acre.  For surface 
water certificates, the median duty is 2.0 AF/acre.  Therefore, a duty of 2 AF/yr is 
considered reasonable. 
 
For the records without an assigned value for Qa or irrigated acres, the Qi was 
multiplied by a Qa/Qi of 100 AF/cfs to estimate the Qa.  This Qa/Qi ratio was taken from 
the Initial Basin Assessment analysis of Qa/Qi (EES, 1997).  The data contained in the 
water rights (2001) database were also evaluated to determine the Qa/Qi ratio.  The 
median Qa/Qi ratio for groundwater certificates is 150 AF/cfs, and the Qa/Qi ratio for 
surface water certificates is 67 AF/cfs.  Therefore, a ratio of 100 AF/yr is considered 
adequately representative.  
 
Commercial-Industrial:  The median Qa/Qi for commercial-industrial use is significantly 
different for groundwater and surface water; however, within each source, the average 
and median Qa/Qi are similar.  Therefore, a median Qa/Qi ratio of 176 AF/yr/cfs was 
used for groundwater and 73 AF/yr/cfs was used for surface water to assign Qa to 
records for which Qa is not defined. 
 
Domestic:  The average and median Qa/Qi for domestic use is significantly different for 
groundwater and surface water.  Therefore, different median Qa/Qi ratios were used for 
groundwater and surface water to assign Qa to records for which Qa is not defined.  
There are only about 2% of the groundwater records without Qa/Qi, while 
approximately 55% of surface water records do not have a Qa/Qi. 
 
Power, Fish, Fire:  These purposes of use were not assigned a Qa, as these are considered 
non-consumptive or rarely used.  However, groundwater withdrawals for fish hatchery 
uses may have a significant impact and impose a stress on the aquifer system. 
 
Other Uses:  Approximately 3% of the total number of records did not fall into any of the 
above-described categories.  The average and median Qa/Qi was calculated for 
groundwater and surface water certificates for these uses, respectively.  The remaining 
uses (e.g., stock, recreation, wildlife, etc.) without Qa were assigned a Qa based on the 
median Qa/Qi for groundwater and surface water.   
 
6.2.4 Short Form Claims 
 
Short form claims are for domestic water use and irrigation of up to 0.5 acre, similar to 
water use from an exempt well.  Short form claims were assigned a blanket duty of 0.5 
AF, regardless of purpose of use, consistent with domestic, stock, and limited irrigation 
(EES, 1997). 
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6.2.5 Long Form Claims 
 
For long form claims without Qa but with irrigated acreage information, the Qa was 
estimated by multiplying the number of irrigated acres by a duty of 2.0 AF/acre.  A duty 
of 2.0 AF/acre was previously used to estimate irrigation water use (EES, 1997).  This is 
consistent with analysis of the duty based on the 2001 water rights database, which 
indicated a median duty of 2.4 AF/acre for groundwater certificates and permits and a 
median duty of 2.0 AF/acre for surface water certificates and permits.   
 
Many long form claims did not include information on the number of irrigated acres.  
Therefore, they were assigned the median of irrigated acres for certificates and permits 
(i.e., three acres), and a duty of 2.0 AF/acre, or a total Qa of 6 AF/yr. 
 
6.2.6 New Claims 
 
New claims are denoted in the WRATS database as “claim/” documents.  These are 
claims that were filed during the last claim registration period of September 30, 1997 
through June 30, 1998.  These claims included a Qa.   
 
6.2.7 Distribution of Allocations  
 
The water rights and claims were distributed among the sub-areas (see Section 4.2).  The 
land survey section numbers within each sub-area were delineated using GIS methods 
by assigning sections to a particular sub-area if the centroid of that section fell within the 
delineated sub-area boundary.  Therefore, sections that lie on the divide between two 
sub-areas are assigned to a particular sub-area based on which side of the divide the 
centroid of those sections lies.  It is possible that water rights located in portions of 
sections lying in one sub-area may be assigned to a neighboring sub-area if the centroid 
of that section is located in the neighboring sub-area.  This potential artifact of analysis is 
illustrated in Figure 6-1. 
 
A number of water rights and claims have a place of use that covers multiple sections.  
For these documents, the Qa was allocated between sections by dividing the total Qa by 
the number of sections.   
 
6.3 Evaluation of Results 
 
The following limitations must be considered when estimating the amount of water 
allocated: 

• The WRATS database may not complete or contain erroneous entries; 

• Some claims may have been repeatedly filed for the same water over several 
claim registration periods; and, 

• Not all of the rights and claims used in the analysis may be valid to the estimated 
Qa. 
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Many claims are for water that was not put to use prior to the required 1917 and 1945 
dates and are therefore invalid.  One large claim (G1-300364CL) for 81,000 AF/yr has a Qi 
of 10 gpm that would limit Qa to 16 AF/yr.  No estimation of validity was made other 
than initial screening of the documents listed in the WRATS database as not being in 
good standing (in the “Document Status” field). 
 
A total of 283,065 AF/yr is estimated to be allocated in WRIA 15 split approximately 
equally between certificates and permits (143,844 AF/yr), and claims.  The majority of the 
allocated water is in the form of groundwater (235,356 AF/yr or 83%; Tables 6-3 and 6-4).  
Groundwater certificates and permits account for 105,156 AF/yr of the groundwater 
allocation, while the remainder is as claims.   
 
Surface water allocations comprise 47,709 AF, or 17% of the allocated water in WRIA 15.  
Certificates and permits account for 38,688 AF/yr of the total allocated water.  The 
remainder is claims (Tables 6-3 and 6-4).   
 
Irrigation use accounts for 113,809 AF, or about 40% of the allocated water use (Table 6-
5).  However, this total includes a single new claim for 81,000 AF.  Excluding this claim, 
irrigation use would account for 32,809 AF, or about 16% of water allocation.  Combined 
domestic and municipal use accounts for 165,380 AF, or about 58% of the total allocation.  
Water allocations for domestic and municipal use are highest in the most developed sub-
areas such as Bainbridge, Bangor, Gig Harbor, and Manchester (Table 6-5).     
 
The distribution of groundwater allocations by Qa for certificates, permits, and claims are 
shown on Figure 6.2.  The areas with the highest groundwater allocations are distributed 
near the population centers in the watershed such as Gig Harbor and Bremerton.  The 
highest groundwater allocation of 91,027 AF/yr is in the Kingston sub-area (Table 6-4 and 
6-5).  However, this total includes a single new claim for 81,000 AF/yr.  Without this 
claim, the Gig Harbor sub-area would have the highest groundwater allocation (26,459 
AF/yr).  The Blake Island sub-area has the smallest allocation (14 AF/yr).  Individual sub-
area summaries or water allocation by purpose of use and document type are tabulated 
on Tables 6-6 through 6-27. 
 
Figure 6.3 shows the distribution of surface water allocations by Qa for certificates, 
permits, and claims.  Surface water allocations are generally concentrated in the eastern 
portion of the WRIA, in the Ollala, Gig Harbor, Bainbridge, Bangor, and Manette sub-
areas.  The single the largest surface allocation is held by the City of Bremerton in the 
Union sub-area: 14,000 AF/yr (Table 6-4 and 6-5).   
 
Figure 6.4 shows applications for new water rights and change applications summarized 
by sub-area in Table 6-4. 
 
Figure 6.5 shows the relative allocation of water rights in each sub-area. Relative 
allocation is the percent of the total inflow (precipitation minus actual 
evapotranspiration) to the volume of water that is estimated to be allocated (claims, 
permits and certificates). 
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In summary: 

• Groundwater accounts for about 83 % of the allocated water in WRIA 15; 

• Combined domestic and municipal purpose of use accounts for about 58% of the 
allocated water; 

• Irrigation use accounts for about 40% of the allocated water (including a single 
claim for 81,000 AF/yr); 

• Commercial-industrial and other uses account for about two percent of the 
allocated water; and, 

• Water allocations are highest in the most heavily populated sub-areas.   
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7.  ACTUAL WATER USE 
 
Water use estimates for current, and future conditions are a required element of 
watershed planning under Ch. 90.82 RCW.  Types of water use on the Kitsap Peninsula 
include but are not limited to: 

• Municipal (including commercial and residential); 

• Industrial/commercial 

• Agricultural 

• Fisheries (hatcheries and in stream) 

• Rural residential (exempt wells); and 

• Non-irrigated lands (forested areas and open space). 
 
Only residential water use by municipal, water district and purveyor systems and rural 
residential (exempt wells) will be quantified in this report. This however does not negate 
the importance of the other water uses in the WRIA; these water uses may represent 
large water uses in some sub-areas.  The IBA identified 49% of water use in Kitsap 
County was by uses other than residential water use.  The other water uses may be 
addressed in Phase II Level 2. 
 
Some synthesis of the components of water use is necessary to understand water use.  
Watershed planning typically focuses on the water balance and the way that humans 
affect it through water use.  The most important points to understanding water use are 
largely conceptual.  Water use can be broken into two components:  consumptive use; 
and, non-consumptive use, or water returned to the hydrologic system. 
 
7.1 Background Issues 
 
Background water use issues are a combination of regulatory and technical issues.  Issues 
related to water use include: 

• The primary water use in the watershed is from rural and urban developments 
and therefore water use can be allocated between purveyor water systems and 
exempt wells.  

• The Kitsap Peninsula has experienced increased rural and urban development.  
These developments have the potential to affect instream flows in the peninsula’s 
streams and aquifers.   

• Rural developments are usually not on purveyor water supplies and use “exempt 
wells” as a water source.  To better understand the effects of “exempt wells” on 
groundwater resources an estimation of their number, their spatial distribution, 
and the amount of water consumptively used needs to be understood.  

• Land use has been changing from a more rural character including agricultural 
industry and timber, to a more developed suburban/urban character. 

 



June 21, 2002 39 023-1020.160 

7.2 Objective and Level of Detail 
 
The objective of this section is to estimate actual residential water use based on available 
data and provide the planning unit with a tool adequate to determine the relative 
amount of water used as the result of human uses.  The actual use estimate will help to 
determine the level of water availability for future allocation.  Current water use in the 
watershed is aggregated according to the 22 sub-areas described in Section 4.2.   
 
The majority of major water uses in the watershed can be quantified using existing data.  
The estimates of actual water use rely on characterizing a number of water use 
components, and discussing how they relate to overall water use in the watershed.  
Actual water use is characterized into the following components: 

• Residential; and, 

• Agricultural irrigation. 

Residential use is separated into those provided by water systems monitored by the 
Washington Department of Health and generally require water rights, and exempt wells.  
Commercial/industrial use is not quantified in this report, although a portion of actual 
use is implicitly incorporated into the residential use estimates of some water system use. 
 
7.3 Assumptions 
 
7.3.1 Purveyor Water Use 
 
Purveyors are entities that provide water to the public and private sector and may 
include, but limited to, municipalities, water districts and private water systems.  This 
study will include in the term purveyor municipalities, water districts and private water 
systems and will only include residential use.    
 
In general, purveyor water use is comprised of two components; a low consumptive use 
component characterized by water that is returned to the hydrologic system through 
wastewater treatment plants and septic systems and a high consumptive use component 
in the form of irrigation of landscaping and home gardens.  Purveyor water use is 
typically expressed on a per capita basis and a peaking factor is commonly used to 
represent an increase in outdoor summer water use. 
 
7.3.1.1 Base Use 
The low-consumptive component of domestic water use is considered to be “base use” 
for the purposed of this discussion.  Year-round base use is generally for interior use and 
therefore almost all the water is returned to the hydrologic system via a wastewater 
treatment plant or septic system.  Base water use is usually fairly consistent throughout 
the year. Generally, water use during the non-growing season, October through March, 
can be a good indicator of base water use.  However, on Kitsap Peninsula, discharge 
from wastewater treatment plants is to marine waters, therefore indoor use in sewered 
areas is more consumptive than outdoor use where at least a portion of the water soaks 
back into the ground. 
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7.3.1.2 Peak Use 
The high consumptive use component of domestic water use is considered to be “peak 
use” for the purpose of this discussion.  During the months of April through September 
water use increases substantially. The increased water use is commonly discussed in 
terms of peaking factor.  A typical peaking factor is approximately two times the base, 
indoor per capita usage.  These peak summer water uses above base water use are 
mostly assumed to be outdoor use, including lawn watering, car washing and other 
outdoor uses.  Outdoor water use comprises a significant consumptive use of water in 
the form of being lost to evaporation, soil wetting, evapotranspiration etc.  
 
7.3.1.3 Wastewater Return 
Residential water use, which comprises the majority of water use in the Kitsap 
watershed, is commonly used in interior non-consumptive applications, and 
consumptive exterior applications.  Interior use is usually discharged to septic systems or 
wastewater treatment plants.  Exterior use is usually used for lawn and garden irrigation 
in which some of the water is evaporated, and some of the water may be recharged to 
groundwater.  Wastewater effluent is not considered in this Level 1 Assessment although 
an understanding of the relative contributions of wastewater facilities may be important 
in sub-areas selected for further assessment.  Residences without water service, and 
therefore on exempt wells, typically do not have sewer service and use septic systems.  
The return of wastewater from exempt wells to septic systems may offset a significant 
portion of potential impacts to shallow aquifers. 
 
7.3.1.4 Transfers Between Sub-areas 
Water transfers between sub-areas was not characterized, thus all water is assumed to be 
diverted or pumped from the sub-area in which the purveyor is located.  For example, a 
portion of the City of Bremerton’s water supply is diverted or pumped from the Union 
sub-area but ultimately used in the Gorst sub-area.  Further assessment of specific sub-
areas in the Level 2 Assessment should account for such influences. 
 
7.3.2 Exempt Well Use  
 
Exempt wells are an important factor in watershed planning because the total number of 
wells and quantity of water they withdraw is not well characterized.  Although exempt 
wells are permitted to use up to 5,000 gallons a day for multiple purposes (maximum 
annual use of 5.6 AF/yr), they are usually used to provide a much smaller annual use to 
domestic homes.   
 
Items affecting water use from exempt wells include: 

• Population; 

• Base water use; 

• Peak water use; 

• Net consumptive use; and 

• Return flows (commonly through septic systems). 
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The methods used to estimate the number of exempt wells and their quantity of water 
used typically assume that the population outside of the service areas of purveyors is 
served by exempt wells.  Exempt well water use patterns typically mirror that of the 
municipal system.  However, higher or lower use patterns are possible from exempt 
wells.   
 
Variables contributing to higher water use from exempt wells include:   
 

• Since exempt wells are not metered and therefore have no meter charges for 
water used, as there is for water supplied by municipal purveyors, there is less 
incentive to conserve water (other than the electrical bill associated with pump 
operation). 

• Exempt wells occur in rural areas with larger lot sizes.  Therefore landscaping and 
garden use can be higher than in more developed areas;  

• Exempt wells occur in rural areas that commonly support livestock with wells. 

 
Variables contributing to lower water use from exempt wells include:   
 

• Exempt wells may be installed in less productive aquifers which limit the 
volumes of water that can be withdrawn.  

• Exempt wells may support homes in rural areas that do not have any landscape 
water needs.  

 
7.3.3 Agricultural 
 
Agricultural Census and land zoning information from 1997 USDA data indicate that 
there is very little irrigated agriculture in the Kitsap watershed.  This data source reports 
the total number of irrigated acres by county.   
 

Irrigated Acres in WRIA 15 
 

County Total Acres 
in County 

Total Acres 
in WRIA 15 

Total Irrig 
Acres in 
County 

% Of 
County in 
WRIA 15 

Irrig acres in 
county in 
WRIA 15a 

Kitsap 257,224 257,224 382 100 382 
Mason 1,220,992 69,876 366 6 21 
Pierce 1,145,600 80,797 5,149 7 363 
Total 2,623,816 407,897 5,897  766 

Water Use Assuming a Duty of 2.0 AF/yr/acre: 1,532 AF/yr 
a Assuming equal distribution of irrigated acres across the county. 
 
The distribution of irrigated agricultural land cannot be determined with currently 
available data.  The estimation of irrigated acres in WRIA 15 assumes an equal 
distribution of irrigated acres across the counties.  Actual distribution of irrigated acres in 
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Mason and Pierce Counties are believed to be skewed toward areas outside of the Kitsap 
watershed so therefore the estimate of irrigated land inside of WRIA 15 is conservatively 
high. 
 
Agricultural irrigated acreage in Kitsap County represents less than 0.15% of the land 
area, in Pierce County land zoned for agricultural use in Pierce County on the Kitsap 
peninsula is minimal and represent less than 0.5% of land use.  Irrigated acreage in 
Mason County is also minimal and represents less than 0.03% of land use. 
 
Due to the relatively small amount and the assumed diffuse distribution of acreage in 
irrigated agriculture,  water use from agriculture is relatively small and is not further 
characterized. 
 
7.3.4 Commercial and Industrial 
 
Commercial and industrial water use, as a separate category of water use, is not 
quantified during this phase of watershed planning.  The proportion of allocated water 
rights for commercial/industrial use is less than 1%.  Therefore a detailed assessment of 
actual water use for this purpose of use is not considered significant for a watershed-
wide assessment of actual use.  However, a more detailed assessment may be warranted 
within specific sub-areas. 
 
7.4 Residential Use Methodology of Analysis 
 
Residential water use is estimated using population data and per capita water use.  The 
approach used is to start with total population represented by year 2000 census data.  
The proportion of the population on purveyor water systems is estimated.  The 
remaining population is assumed to be on exempt wells.  The following data sources 
were used: 
 

• KPUD and Pierce County GIS polygon coverage of water systems; 
• PWS GIS coverage from DOH; 
• Number of connections per water system from DOH;  
• 2000 US Census total population data; and, 
• 2000 census number of residents per household by county. 

 

7.4.1 GIS Treatment of Population 

The number of people within each sub-area served by water systems was determined 
using a GIS coverage of the Washington Department of Health’s (DOH) group A and B 
Public Water Systems and 2000 US Census data.  The DOH coverage contains water 
system information on the number of connections per system, a limited amount of data 
on the number of people per system, and the location of water supply sources.  Because 
DOH information of number of people per system was not available for all systems, 
census data was used to provide this information.   
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PWS point coordinates, representing sources for the systems (e.g., wells), are the only 
spatial data contained in the DOH database.  GIS polygon coverages representing service 
areas for several of the larger systems were provided by KPUD and Pierce County.   As a 
result of the two styles of coverages, two different approaches were required to estimate 
the population served by purveyor systems/Public Water Systems (PWSs). 
 
The number of people on purveyor systems was estimated by multiplying each water 
system connections, by the average household size of 2.69 people per household (one 
connection was assumed to represent one household).  The average household size of 
owner occupied units is 2.68, 2.46, and 2.71 for Kitsap, Mason and Pierce Counties 
respectively (2000, US Census).  Because the majority of the population resides in Pierce 
and Kitsap counties the average of their average household size of owner occupied units 
was used (2.69). 
 
7.4.1.1 Water Systems with GIS polygon Coverage 

The total population within each water system GIS polygon coverage was calculated. 
Population density within the polygon was assumed evenly distributed.  If the water 
system polygon extended across multiple sub-areas the polygon was sub-
divided/clipped to distribute the population within water system polygon between sub-
areas. 
 
The number of connections associated with each water system polygon was obtained 
from the DOH database using PWSID number.  Each connection was assumed to 
represent a residence.  The number of people per residence was obtained from 2000 
census data.  This methodology assumes that the water is diverted from the same sub-
area in which it is being used and that the connections are distributed evenly across the 
water system.  This methodology identifies the place of use of the water independently 
of the location of the source of water.  This introduces a possible artifact in the analysis. 
 
7.4.1.2 Water Systems without GIS polygon Coverage 

For water systems without polygon coverages, the locations of PWSs were represented 
by their sources.  For water systems with multiple sources, all connections were 
attributed to the first source listed in the database.  This methodology places the use of 
water at the same location as where it is diverted. 
 
Using the number of connections per water system from DOH PWS coverage, a 
multiplier of the number of people per connection, which is assumed to equate to the 
number of people per household, was used to determine the number of people on the 
water system.  The calculation was completed at a sub-area resolution. 
 
7.4.1.3 Total Number of people on PWSs 

The total number of people on PWSs was estimated by summing the number of people 
being served by water systems with GIS polygon coverage and the people being serviced 
by PWSs by sub-area. 
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7.4.1.4 Total Number of people on exempt wells 

Subtracting each sub-area’s population served by purveyor systems from the population 
of the sub-area, the number of people on exempt wells was realized.  This assumes that 
all persons not supplied by a purveyor are supplied by an exempt well.   
 
7.4.2 Residential Water Use 
 
Different per capita water use was assumed for Kitsap County, and for Pierce and Mason 
Counties.  For Kitsap County, a representative per capita water use for Bremerton was 
applied.  This value was arrived at by dividing the total water supplied by the 
population served (including the Puget Sound Naval Station) for the five-year period of 
1994-1998 (City of Bremerton’s Comprehensive Water System Plan).  The resulting value 
of 115 gallons per day per capita (gpdpc) implicitly includes commercial, industrial and 
retail water use, and actual residential per capita water use is lower.  Bremerton's actual 
residential per capita water use (excluding commercial and other non-residential use) is 
on the order of 67.5 gpdpc (Bill Hahn, personal communication, May, 2002).  This is 
lower than the rest of the county for a variety of reasons, including:  smaller urban lots 
with more shade; high rental population; lower income; an effective conservation plan; 
and other factors (personal communication; Kathleen Cahall, May 2002).  The calculated 
per capita use of the City of Bremerton is applied to exempt wells and PWSs across 
Kitsap County.  Actual water use by KPUD is reported to be 72.8 gpdpc (Bill Hahn, 
personal communication, May, 2002). 
 
For Pierce and Mason Counties, a residential water use rate of 142 gpdpc reported in the 
Comprehensive Water System Plan of Gig Harbor is applied to exempt wells and PWSs. 
 
Total purveyor water use by sub-area was calculated by multiplying the per capita water 
use rate by the number of people on purveyor systems within a respective sub-area.  
 
7.5 Discussion 
 
This section discusses water use estimates for the WRIA.  Consumptive use of water is 
not quantified in this assessment.  For persons on municipal systems this is a valid 
assumption since water diverted may be returned to a municipal water treatment facility 
and discharged to the surrounding marine waters.  However, water use by persons on 
some purveyor systems and exempt wells will be overestimated since not all water use 
will be consumptive and this resulting residual water may be returned to the terrestrial 
hydrologic system via septic systems as recharge.  
 
Water returned to the hydrologic system via septic systems may need to be estimated in 
Level 2 to gain a more representative understanding of water availability in the 
watershed.  A study cited in the Kitsap County Ground Water Management Plan 
indicated 60% of household water use might be recharged to groundwater when the 
home is on a septic system.   Inter-sub-area transfers of water were not accounted for and 
will affect the water budget in a sub-area where inter-sub-area transfers occur. 
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7.5.1 Current Water Use 
 
Current water use by purveyor and persons on exempt wells is presented in Table 7.1.  
Total water use, in the WRIA, by purveyor and exempt wells is estimated to be 39,806 
AF/year.  Distribution of this use based on distribution of population is shown in Figure 
7.1.  This water use implicitly accounts for some commercial and other non-residential 
use. 
 

7.5.2 Municipal/Purveyor 

There are 1,815 group A and B Public Water Systems in the watershed distributed among 
Kitsap (1,096), Mason (111) and Pierce (608) Counties.  Purveyor water use in the WRIA 
was estimated at 26,529 AF/year and provided water to 195,286 people (Figure 7.2).  The 
greatest water use (i.e., greater than 1,500 AF/year) was in the Gig Harbor, Manchester, 
Gorst, Bainbridge Island and Manette.  The lowest purveyor water use (i.e., less than 150 
AF/year) was in the Anderson, Stavis and Dewatto sub-areas.   
 

7.5.3 Exempt wells 

The number of people served by exempt wells was estimated using population, number 
of connections per water system and number of people per household (assumed to be 
the number of people per connection).  As a result of a number of simplifying 
assumptions used in the analysis of population on public water systems, a negative 
population is calculated for the number of people on exempt wells in some sub-areas.  In 
fact exempt wells are known to exist in all sub-areas. 
 
Based on the method of analysis used, used, the sub-areas of Anderson, Dewatto, 
Hansville, McNeil/Anderson and Tahuya were determined to have no population 
serviced by exempt wells.  It is known that exempt wells are being used in these sub-
areas, however as an artifact of estimating the population using average people per 
household numbers the estimated number of people on purveyor system may be 
overestimated resulting in the population on exempt wells to be reduced and in some 
cases null.   
 
Exempt well water use in the WRIA was estimated at 13,277 AF/year and provided water 
to approximately 100,000 people (Figure 7.3).  The greatest exempt well water use 
(greater than 1,000 AF/year) was in the Bangor, Manette, Manchester and Chico. 
 
The lowest exempt well water use, not inclusive of sub-areas reflecting no exempt wells 
use, less than 100 AF/year, was in the Coulter, Stavis and Port Gamble sub-areas using 34, 
45 and 67 AF/year respectively and corresponds to population on exempt wells of 268, 
357, and 529 people.   
 
Normalizing water use by people using exempt well water use density, water use per 
square mile, the greatest use occurs in Manette (177 AF/year/mi2) and Bangor at (98 
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AF/year/mi2).  The lowest water use densities are in Coulter (1 AF/year/mi2), Port Gamble, 
Stavis and Union (4 AF/year/mi2 each). 
 
7.6 Projected Water Use 
 
Projected water use is not divided between purveyor and exempt wells, because the area 
where growth may possibly occur was not investigated as part of this assessment. 
Projected water use was calculated by using the projected 2010 population from in 
Section 4.5.  Applying the projected 2010 population to current water use rates, an 
estimate of future water use can be realized (Table 7-2).  The projected water estimate 
only addresses water use based on population alone.  Increased demand from industrial, 
commercial or agricultural use is not considered.  Growth in water use is not broken out 
between municipal /purveyor and exempt wells because it is difficult to determine where 
growth will occur within a sub-area, if the growth will occur on purveyor systems or 
exempt wells.  In addition, water use savings as the result of conservation was not 
investigated or incorporated into the projected water use estimate.  A Coordinated Water 
System Plan is currently being developed for the Kitsap County portion of the WRIA by 
KPUD in which these issues are addressed in greater detail.  Pierce County has a 
Coordinated Water System Plan that includes a portion of the Kitsap Basin 
 
Projected water use was calculated on a per capita basis and not broken out between 
purveyor systems and exempt wells.  Population was anticipated to grow in the 
watershed at an average rate of 2.3% annually.  Projected water use was calculated using 
the projected 2010 watershed population of 370,900 people. Projected population is 
discussed in Section 4 and a summary of population by sub-area is presented in Table 4-5 
and 4-6.  Water use by purveyor residences and exempt wells is projected to be 50,702 
AF/yr and represents an increase of 10,896 AF/yr as compared to 2000 water use 
estimates. 
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8. SURFACE WATER QUALITY 
 
This section provides a general summary of existing information pertaining to the 
condition of surface quality in WRIA15.  According to Ch. 90.82.090 RCW, the following 
are items for inclusion in the optional water quality component of watershed planning.  
 

• An examination based on existing studies conducted by federal, state, and local 
agencies of the degree to which legally established water quality standards are 
being met in the management area;  

 
• An examination based on existing studies conducted by federal, state, and local 

agencies of the causes of water quality violations in the management area, 
including an examination of information regarding pollutants, point and non-
point sources of pollution, and pollution-carrying capacities of water bodies in 
the management area. The analysis shall take into account seasonal stream flow 
or level variations, natural events, and pollution from natural sources that occurs 
independent of human activities; 

 
• An examination of the legally established characteristic uses of each of the non-

marine bodies of water in the management area;  
 

• An examination of any total maximum daily load established for non-marine 
bodies of water in the management area, unless a total maximum daily load 
process has begun in the management area as of the date the watershed planning 
process is initiated under Ch 90.82.060 RCW;  

 
• An examination of existing data related to the impact of fresh water on marine 

water quality;  
 

• A recommended approach for implementing the total maximum daily load 
established for achieving compliance with water quality standards for the non-
marine bodies of water in the management area, unless a total maximum daily 
load process has begun in the management area as of the date the watershed 
planning process is initiated under Ch. 90.82.060 RCW; and 

 
• Recommended means of monitoring by appropriate government agencies 

whether actions taken to implement the approach to bring about improvements 
in water quality are sufficient to achieve compliance with water quality 
standards.  

 
This Level 1 Assessment focuses on summarizing WRIA 15’s surface water quality 
information related to point one described above.  This assessment does not address the 
quality of ground water resources, which may a consideration for Level 2 work.  As a 
result, the information in this assessment includes: 
 

• A summary of Washington State designated waterbody classifications, uses, and 
state water quality standards;  
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• A description of waterbodies within the WRIA in which legally established water 

quality standards are not being met (as identified in Washington State’s 1998 list 
of impaired and threatened waterbodies); 

 
• A description of the pollutants affecting the waterbodies in the Kitsap watershed; 

 
• A summary of ongoing TMDL (total maximum daily load) studies and approved 

TMDL water quality clean up plans within the Kitsap watershed; and, 
 

• An identification of data quality and quantity and potential data gaps. 
 

8.1 Waterbody Classification 

Surface waters in the state of Washington are classified into one of four classes with 
respect to water quality criteria: AA, A, B, and C according to the intended use of the 
waterbody (WAC 173-201A-030).  Each classification contains water quality criteria 
needed to support the variety of stream or stream segment designated uses (Parametrix 
2001). 
 
All rivers and streams in WRIA 15 are classified as Class AA waters because they drain 
into the Hood Canal, Puget Sound, or lakes (Chapter 173-201A WAC).  All lakes are 
classified as Lake Class. All marine waters in WRIA 15 are also classified as AA waters 
except for the following, which are classified as Class A: Dyes and Sinclair Inlets west of 
longitude 122° 37'W, South Puget Sound west of longitude 122° 52' 30" W (Brisco Point) 
and longitude 122° 51' W (northern tip of Hartstene Island), and Port Gamble south of 
latitude 47° 51' 20"N. 
 
A general requirement of Class AA waters is that “the water quality shall markedly and 
uniformly exceed the requirements for all or substantially all uses”. A general 
requirement of Class A and Lake Class waters is that the water quality shall meet or 
exceed the requirements for all or substantially all uses” (WAC 173-201A-030). 
 
8.2 Beneficial Uses 
 
Beneficial uses are defined broadly as “uses of water for domestic, stock watering, 
industrial, commercial, agricultural, irrigation, hydroelectric power production, mining, 
fish and wildlife maintenance and enhancement, recreational, and thermal power 
production purposes, and preservation of environmental and aesthetic values, and all 
other uses compatible with the enjoyment of the public waters of the state” (WAC 173-
500-050). 
 
Characteristic uses of Class AA, Class A, and Lake Class waters include: 
 

• Water supply (domestic, industrial, agricultural); 

• Stock watering; 
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• Fish and shellfish: Salmonid migration, rearing, spawning, and harvesting, other 
fish migration, rearing, spawning, and harvesting, clam, oyster, and mussel 
rearing, spawning, and harvesting, crustaceans and other shellfish (crabs, shrimp, 
crayfish, scallops, etc.) rearing, spawning, and harvesting; 

• Wildlife habitat; 

• Recreation (primary contact recreation, sport fishing, boating, and aesthetic 
enjoyment); 

• Commerce and navigation. 

 
8.3 State of Washington Water Quality Standards 
 
Water quality standards for surface water are assigned based on the classification of the 
waterbody as described above.  Standards for water quality vary between the assigned 
classes and among fresh and marine waters.  Water quality standards for parameters in 
Class AA and Class A freshwater streams are listed in Table 8-1.  Marine water quality 
standards for Class AA and A waters are listed in Table 8-2. 
 
In determining water quality standards for areas in which waters of two different classes 
meet, the water quality criteria for the higher classification shall prevail at the boundary 
between waters of different classifications. In addition, in brackish waters of estuaries, 
where the fresh and marine water quality criteria differ within the same classification, 
the criteria shall be applied on the basis of vertically averaged salinity. The freshwater 
criteria shall be applied at any point where ninety-five percent of the vertically averaged 
daily maximum salinity values are less than or equal to one part per thousand. Marine 
criteria shall apply at all other locations; except that the marine water quality criteria 
shall apply for dissolved oxygen when the salinity is one part per thousand or greater 
and for fecal coliform organisms when the salinity is ten parts per thousand or greater. 
 
8.4 Shellfish Harvesting Standards 
 
The National Shellfish Sanitation Program (NSSP) requires a shoreline survey and a 
growing area standard to classify a shellfish growing area.  The shoreline survey locates 
and evaluates all significant point and non-point pollution sources along the shorelines 
and in upland drainage areas.  The growing area standard is based on the following 
water quality criteria: 
 
• The geometric mean of fecal coliform (FC) data shall not exceed 14 per 100 mL, and 

• The 90th percentile of the FC data shall not exceed 43 per 100 mL 

A minimum of 30 samples is required from each sampling station to determine the 
required statistics.  Samples are taken six times a year from “Approved” areas and once a 
month from “Conditionally Approved” areas.  Both criteria must be met in order to be 
compliant with the Growing Area Standard (DOH 1999a, Parametrix 2001). 
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8.5 List of Impaired or Threatened Waterbodies (303 (d) List) 
 
Under Section 303(d) of the Clean Water Act, the Washington Department of Ecology 
(Ecology) identifies waterbodies that do not meet water quality standards.  This list is 
known as the List of Impaired or Threatened Waterbodies (303(d) list).  Table 8-3a and b 
and Figures 8.1 (streams) and 8.2 (lakes and marine) depict waterbodies listed on the 
1998 Section 303(d) list, most recently updated in 1998 by the Department of Ecology.  An 
update to the 303(d) list will be released in 2003.  
 
Currently, a total of 14 marine waterbodies and 38 freshwater waterbodies are listed as 
having water quality impairments in WRIA 15.  All waterbodies listed as impaired will 
require TMDL development except for Hood Canal (North) and those waterbodies listed 
for impairments to fish habitat (Unnamed Creek in the Anderson Creek system, two 
unnamed creeks in the Stavis Creek system, three unnamed creeks in the Little 
Anderson Creek system, and an unnamed creek in the Boyce Creek system).  
 
Since fish habitat impairments are not considered pollutants as described in the Clean 
Water Act, no TMDL is required for these waterbodies.  Hood Canal (North) is listed for 
water impairments from a variety of metals and chemical toxins.  However, the sampling 
station was not identified as a site when the confirmatory designation procedures for site 
identification required by the Sediment Management Standards (WAC 173-204-310(2)) 
were applied. As such, these stations are not in violation of the standards and should not 
be listed.  No TMDL is required for Hood Canal (North). 
 

8.6 Pollutants 

A predominant parameter exceeding state water quality standards in the freshwater 
impaired waterbodies of WRIA 15 is fecal coliform. Additional pollutants causing 
impairment in freshwater include: pH, temperature, total phosphorous, and turbidity.  
Marine waters were impaired by exceedances of state water quality for fecal coliform, 
dissolved oxygen, pH, petrochemicals, solvents, polychlorinated biphenyls, or PCBs, and 
heavy metals.  
 

8.6.1 Fecal Coliform 

Fecal coliform is the most widespread pollutant affecting waterbodies in WRIA 15.  Nine 
marine waterbodies have documented exceedances of state water quality standards for 
fecal coliform and require the development of a TMDL: 
 

• Port Gamble Bay 
• Carr Inlet 
• Henderson Bay 
• Dyes Inlet/Port Washington Narrows 
• Sinclair Inlet 
• Case Inlet/Dana Passage 
• Hood Canal (South) 
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• Great Bend/Lynch Cove 
• Nisqually Reach/Drayton Passage 

 
Twenty-three freshwater waterbodies have documented exceedances of state water 
quality exceedances of fecal coliform as well and require the development of a TMDL: 
 

Purdy Creek Minter Creek 
Little Minter Creek Burley Creek 
Union River Dogfish Creek 
Grovers Creek Mayo Creek 
Stimson Creek Shoofly Creek 
Ravine Creek Private Creek 
Picnic Creek Gorst Creek 
Blackjack Creek Annapolis Creek 
Beaver Creek Clear Creek 
Barker Creek Gamble Creek 
Kitsap Lake Martha-John Creek 
Huge Creek  
 

Fecal coliform (FC) bacteria are a type of coliform bacteria.  Coliform bacteria are a group 
of microorganisms found in the feces of all warm-blooded animals, although these 
bacteria are not unique to feces.  In water, coliform organisms are typically used as an 
indicator of the potential presence of disease-causing organisms.  The presence of FC in 
water indicates the potential microbial degradation of water, and although FC do not 
effect fish or shellfish themselves, shellfish do retain these microorganisms through the 
process of filter feeding.  Human consumption of shellfish from areas contaminated with 
FC can create a possible health risk (Parametrix, 2001). 
 

8.6.2 pH 

pH exceedances are the second largest reason for water quality impairments in WRIA 15 
and six freshwater waterbodies require the development of a TMDL:  
 
Freshwater bodies: 

• Little Mission Creek 
• Mayo Creek, Unnamed Creek 
• Private Creek 
• Lagoon Creek  
• Picnic Creek 

 
Marine waterbodies  

• Case Inlet/Dana Passage  
• Great Bend/Lynch Cove 

 
pH is a measure of the acidic or basic nature of a solution on a scale of 0 to 14. The pH of 
neutral solutions, such as pure water, is equal to 7.  Alkaline solutions will have high pHs 
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(8-14), and acidic solutions will have low pHs (1-6).  The most common cause of 
exceedance of pH water quality criteria is the influence of photosythetic processes.  
Invasion by exotic plants such as milfoil or algal blossoms caused by high nutrient 
concentrations will cause wide daily fluctuations of pH.  During the day when 
photosynthesis is occurring, the plants produce oxygen that raises the pH above 8.  
During the night, the plants undergo respiration producing carbon dioxide and lowering 
the pH below 6. 
 
One of the most significant environmental impacts that pH can have is its effect on the 
solubility and thus the bioavailability of other substances.  Runoff from agricultural, 
domestic, and industrial areas may contain iron, lead, chromium, ammonia, mercury, or 
other elements.  The pH of the water affects the solubility of these substances.  A 
decrease in pH can increase metal availability in the system, lending itself to greater 
metal uptake by organisms. Metal uptake can cause extreme physiological damage to 
aquatic life (Connell and others 1984).  Acidic inputs from non-point sources such as acid 
mine drainage and wet/dry acid deposition, can substantially lower the pH of a system to 
an acidic level.  Table 8-4 lists the effects of various pH levels on aquatic life. 
 

8.6.3 Temperature 

Four waterbodies in WRIA 15 are listed as impaired for temperature exceedances and 
require the development of a TMDL: 
 

• Big Beef Creek 
• Mayo Creek 
• Gamble Creek 
• Miller Lake Creek 

 
Temperature is one of the more important measurements used in the study of water 
quality and condition.  Many biological, physical, and chemical parameters are 
dependent on temperature. High water temperatures can stress aquatic ecosystems by 
reducing the ability of water to hold essential dissolved gasses like oxygen and can be 
detrimental to various fish species.  Temperature can also affect the solubility of chemical 
compounds in water, the distribution and abundance of organisms, the rate of growth of 
biological organisms, water density, mixing of different water densities, and current 
movements (Florida Oceanographic Society 1998).  Temperature is a primary factor 
controlling salmonid growth and reproduction.   
 

8.6.4 Dissolved Oxygen 

Dissolved oxygen has been documented to be impairment primarily for marine 
waterbodies in WRIA 15. Waterbodies listed for dissolved oxygen impairments in WRIA 
15 are all marine. No freshwater waterbodies have been documented as having DO 
exceedances as reflected in the State’s 303(d) list.  Four marine waterbodies have 
dissolved oxygen impairments to water quality and require the development of a TMDL:  
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• Carr Inlet 
• Henderson Bay 
• Quartermaster Harbor 
• Great Bend/Lynch Cove 

 
Dissolved oxygen (DO) refers to the volume of oxygen that is contained in water. 
Oxygen enters the water by photosynthesis of aquatic biota and by the transfer of 
oxygen across the air-water interface. The amount of oxygen that can be held by the 
water depends on a variety of factors including salinity, pressure, and temperature (i.e. 
colder water holds more oxygen) (Smith 1990). Depletion of oxygen from an aquatic 
system can occur when water temperatures rise, when plants and animals respire, and 
with an introduction of excess organic matter. Prolonged exposure to low dissolved 
oxygen levels (less than 5 to 6 mg/l) may not directly kill an organism, but will increase its 
susceptibility to other environmental stresses (Gower 1980). The DO acute lethal limit for 
salmonids is at or below 3 mg/L (EPA 1986, Parametrix 2001). 
 

8.6.5 Turbidity 

Turbidity has not been documented to be a major problem in the waterbodies of WRIA 
15.  Only Dogfish Creek has had documented exceedances of state water quality 
standards for turbidity, and requires the development of a TMDL. 
 
Suspended solids are made up of organic and inorganic materials that are usually 
transported to surface waters via overland flow. Sediment may also be introduced into a 
system from bank erosion during high flows. When these suspended particles settle to 
the bottom of a stream or river, they become sediments. These suspended particles can 
cause turbidity, or cloudiness of the water. Waters with very high sediment loads are 
obvious because they appear “muddy.” This is especially evident in rivers, where the 
force of moving water keeps the sediment particles suspended.  
 
The geology and vegetation of a watershed can affect the amount of suspended solids 
entering the water. If the watershed has steep slopes and is rocky with little plant life, 
topsoil will wash easily into the waterway. On the other hand, if the watershed is 
dominated by firmly rooted vegetation, the plants will act as a sponge to trap water and 
soil and thereby reduce the erosion. 
 
Excessive amounts of sediment in a system can have a detrimental effect on the water 
resource and the aquatic community. A large volume of suspended sediment can reduce 
light penetration. This can lead to a decline in the number of photosynthetic organisms. 
As a result, overall invertebrate numbers may also decline, which may then lead to 
decreased fish populations (NCSU 1998). Deposited particles may also obscure sources of 
food, habitat, hiding places, and nesting sites for invertebrates (Wilber 1983). Silt-loving 
communities of oligochaetae, pulmonate snails, and chironomid larvae may replace 
benthic invertebrates (such as mayflies, stoneflies, and caddisflies) that prefer a low-silt 
substrate. 
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In addition, sediment may disrupt essential processes of organisms. Sediment may clog 
the gills of fish and cause other abrasive damage. Abrasion of gill tissues triggers excess 
mucous secretion, decreased resistance to disease, and a reduction or complete cessation 
of feeding (Wilber 1983; McCabe and others 1985). Reproductive success may also decline 
with an increase in fine sediment. Spawning habitats may be altered by sediment 
deposition (e.g., filling of pools and riffles or covering of a gravel bed), reducing the 
number of places available for fish to lay eggs. The national criteria for solids for the 
benefit of freshwater fish and other aquatic life is as follows: Settleable and suspended 
solids should not reduce the depth of the compensation point for photosynthetic activity 
by more than 10% from the seasonally established norm for aquatic life (EPA 1986).   
 
Sediment deposition may also affect the physical characteristics of the streambed. 
Sediment accumulation can cause streambed elevation and a decrease in channel 
capacity through filling of pools. Flooding is more likely after sediment accumulation 
because the stream cannot accommodate the same volume of water (Morton 1986). 
 

8.6.6 Phosphorous 

Nutrients have not been documented to be a major cause of impairments for the 
waterbodies of WRIA 15.  Only Kitsap Lake is currently documented for exceedances of 
the state water quality standards for total phosphorous and will require development of 
a TMDL. 
 
Phosphorous are essential to the health and proper functioning of aquatic ecosystems, 
but excessive amounts of these nutrients can stimulate the growth of nuisance levels of 
algae, which can in turn interfere with the beneficial uses of streams and rivers. In excess 
amounts, algae can produce unpleasant tastes and odors in drinking water, taint the 
taste of fish flesh, produce allergic reactions in humans, clog and corrode water supply 
and irrigation equipment, alter the composition of macro invertebrate and fish 
communities, and interfere with aesthetic and recreational uses of rivers and streams 
(Nordic, 1985).  
 

8.7 Ongoing or Completed TMDL Studies and Plans 

As of the time of this report, no TMDLS have been completed and approved by the EPA 
for WRIA 15 water bodies.  Currently, there is one TMDL plan in progress in WRIA 15 for 
fecal coliform impairments in the Union River.  Ecology’s Environmental Assessments 
Program (EAP) completed the technical fecal coliform study for the Union River.  The 
EAP quantified contributions of pollution from various sources.  The next step in the 
Union River plan development is to develop a cleanup implementation plan that 
includes the stakeholders.  The plan will then have to be approved by the EPA.  The 
Union River cleanup implementation plan is in draft form and has recently gone 
through public review and comment. 
 
An additional TMDL study is planned for Sinclair and Dyes Inlets.  Ecology recently 
submitted a request to the EAP to begin a technical study of Sinclair and Dyes Inlets and 
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associated tributaries to address the fecal coliform listings for these waterbodies 
(primarily in the inlet tributaries).   
 
Puget Sound Naval Shipyard Project ENVironmental InVESTment (ENVVEST) project 
is part of EPA’s eXcellence and Leadership program which was developed to give 
communities, state and local agencies, federal facilities, and industry the opportunity to 
propose cleaner, cheaper, and smarter ways of protecting the environment.  The goal of 
the PSNS ENVVEST project is to protect and improve the health of surface waters of 
Sinclair and Dyes Inlets by developing a more environmentally protective strategy for 
managing pollutant sources in the Inlets than the regulatory framework that is currently 
in place. 
 
The Navy is currently planning to do the fecal coliform TMDL for marine waters 
through ENVVEST.  Ecology will address the fecal coliform TMDLs on the tributaries in 
phases.  Project ENVVEST was developed by the Department of Defense in conjunction 
with the EPA and Ecology.  The Project is divided into two phases.  The first phase 
involves assessing the watershed.  In the second, the Navy and stakeholders, including 
property owners around the inlet, will come up with the most cost-effective way to 
improve the surface water quality. 
 
Sinclair Inlet and Puget Sound Naval Shipyard were placed on the nation's Superfund 
list of contaminated sites in 1994.  Primary contaminants in the inlet include 
petrochemicals, solvents, polychlorinated biphenyls, or PCBs, and heavy metals.  The 
pollution was caused by Navy industrial operations and toxic waste disposal dating back 
to the 1890s.  The Navy plans to create a monitoring program and database to measure 
changes in water and sediment quality, biological health and biodiversity.  
 

8.8 Data Gaps 

In general, there is extensive data available on the waterbodies in WRIA 15.  However, 
water quality data gaps still exist and are primarily a function of limited data, or lack of 
data quality.   
 
Water quality impairment data on several waterbodies exists, but cannot be used to list 
the waterbody on the 303(d) list due to problems with the methodologies used.  For 
example, Barker Creek has documentation of water quality exceedances of pH, however, 
these measurements were not made using a quality assurance plan as required by the 
Water Quality Program policy.  Because the policy was not met, the data cannot be used 
to form the basis for listing.  As well, several marine areas have documented levels of 
toxins, however, the confirmatory designation procedures required by the Sediment 
Management Standards (WAC 173-204-310(2)) have not been applied to the cited data.  
 
Several marine areas are also lacking water quality data.  Many areas are classified as 
"Prohibited" for commercial shellfish harvest by the Department of Health because of the 
proximity on a wastewater discharge, and not due to violations of the water quality 
standards.  Without water quality data to show an actual impact, there is no basis for 
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listing waters in these areas and they are not included on the 303(d) list of impaired 
waterbodies. 
 
Finally, some areas have a limited amount of data, but not enough to make a firm 
determination of water quality impairment.  For example, Wright Creek has a 
documented exceedance of fecal coliform, however, it is only for one time period.  A 
single excursion beyond the criterion does not meet the Water Quality Program policy 
for listing, and thus Wright Creek is not included on the 303(d) list. 
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9. FISHERIES HABITAT  
 
Proposed criteria were developed by Kitsap County in cooperation with the tribes and 
other planning unit members.  Information sources used in developing the proposed 
ranking are: 
 

• Salmon Habitat Recovery Strategy, 7-2001, Hood Canal Coordinating Council. 

• East Kitsap Peninsula Salmon Recovery Strategy, 11/26/01, Kitsap County. 

• East Kitsap Limiting Factors Analysis, WA Conservation Commission, 2000. 

• Hood Canal Summer Chum Conservation Initiative, WDFW/Point No Point 
Treaty Council, 2000. 

 
In general, the sub-areas’ habitat score was derived from the streams’ HB2496 Tiers, with 
Tier 1 streams having a “medium” habitat score, Tier 2 and 3 streams having a “low” 
score, and Tier 4 and 5 streams having a “lowest” score.  If streams have a documented 
low flow or temperature problem they were moved up.  Tier 1 streams were moved to a 
“highest” score, Tier 2-5 were moved up to a “medium” score.  
 
Tiers: There are no Tier 1 streams in the Hood Canal portion of WRIA 15, so the tier of all 
Hood Canal streams was increased by one (i.e. Hood Canal Tier 2 streams are treated as 
an East Kitsap Tier 1 stream).  

Vashon Island was assumed to contain Tier 2 and 3 streams with no known water 
quality problems and assigned a habitat score of “low.” 

The entire sub-area was given the highest score of the streams within it.  Rocky Creek 
watershed (Tier 1 with documented water quality problem(s)) is in both the Coulter sub-
area and the Key Center sub-area; only the Key Center sub-area was given a “highest” 
score because it contains the majority of the Rocky Creek watershed, including its 
mouth.  

Water Quality: streams have a “documented water quality problem” if: 
 

• The Summer Chum study shows a “moderate” or “high” impact for summer flow 
or temperature.  

• The East Kitsap Limiting Factors Analysis rates temperature/DO or low flow as 
“poor” or “fair.” 

 
The resulting ranking of sub-areas is listed below and displayed in Figure 9-1. 
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High Priority Medium Priority Low Priority Lowest Priority 

Chico  Bangor  Anderson Bainbridge 

Dewatto Coulter Hansville Blake Island 

Gorst Gig Harbor Port Gamble Long Branch 

Key Center Kingston Stavis McNeil/Anderson 

Tahuya Manchester Vashon  

 Manette   

 Olalla   

 Poulsbo   

 Seabeck   

 Union   
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10. SUB-AREA CHARACTERISTICS AND WATER AVAILABILITY 
 
The watershed planning process should compile and summarizes available data to allow 
local stakeholders to develop plans for the management of water resources within a 
Water Resource Inventory Area (WRIA).  To aid stakeholders in developing plans to 
address water allocation, water availability, water quality and fisheries habitat, the 
general condition of the watershed needs to be determined.  This is accomplished here 
by determining the current population, potential growth, a water balance, current 
allocation, current and projected water use, water quality, and fisheries habitat. 
 
Once an understanding of water availability and water quality is determined, decisions 
to guide future water allocation decisions, water resources protection, and fisheries water 
resource habitat enhancements can be managed and guided to benefit both human and 
the natural environments. 
 
This report only addresses in detail the eight sub-areas in Mason and Pierce Counties not 
covered in the Kitsap County IBA.  Parameters that aid in the descriptions and 
assessment of the watershed (e.g. water quality, fisheries habitat and water allocation) 
are summarized in table 10-1.  The table also includes the sub-areas initially studied in 
the IBA, however all of the data have been updated to reflect new data and more current 
data, except that the evapotranspiration calculated for the sub-areas in the IBA are 
retained. 
 
Available water is defined as total precipitation less evapotranspiration.  The relative 
degree of allocation (or development) is obtained by dividing the total estimated 
allocation (or actual use) by the available water.  The amount of available water per sub-
area and the estimated allocated and developed water use is shown in Figure 10.1.  Many 
of the parameters have been normalized in Table 10-1 to the area of the subarea in order 
to allow a more valid comparison between sub-areas.  The prioritization of fisheries 
concerns was developed by Kitsap County.  

10.1 Coulter Sub-Area 

The Coulter sub-area is situated in both Kitsap and Mason counties, with the majority of 
the sub-area in Kitsap County.  The mouth of the sub-area is in Mason County and 
discharges into North Bay at the head of Case Inlet.  The sub-area is located in the south 
central portion of the Kitsap Peninsula, where the peninsula joins the mainland.  The 
sub-area covers 25 square miles and is predominantly rural. 
 
No major population centers are within the bounds of the sub-area.  The sub-area had a 
2000 population of 3,104 people, resulting in a population density of 122 people per 
square mile.  This reflects an increase in population of 594 people from the 1990 Census 
of 2,510 people and a change in population density of 23 people per square mile.   
 
Historically, the sub-areas population has grown at a rate of 2.1% annually from 1990 to 
2000.  If this population growth trend were to continue into 2010 the resulting 
population would be 3,389 people, reflecting a change in population of 735 people and 
an increase in population density of 29 people per square mile. 
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10.1.1 Water Balance 

Average annual rainfall is 56.6 in/yr and equivalent to 3,018 AF/yr/mi2.  Twenty percent of 
precipitation or, 11.3 in/yr, is assumed runoff to streamflows.  Water consumptively used 
by flora during their growth process, evapotranspiration, is estimated to be 14.5 in/yr. 
 
Accounting for estimated precipitation runoff and evapotranspiration water use, the 
remaining 30.8 in/yr or, 1,645 AF/yr/mi2, is estimated to recharge to underlying aquifers, 
(a portion of which will subsequently discharge to surface water).  

10.1.2 Relative Degree of Allocation 

Relative degree of allocation is the percent of the total inflow (Surface water runoff plus 
groundwater recharge) estimated to have been allocated (claims, permits and 
certificates).  The degree of water resources that are allocated in the Coulter sub-area is 
low in comparison to other sub-areas in the WRIA at less than 2.5% of the available 
water. 
 
The majority of the water has been allocated for irrigation use. Other allocation uses, in 
descending order, include domestic, municipals and other uses (stock, recreation, power, 
fish, fire suppression, etc.). 
 
Currently there are 111 groundwater and 138 surface water right allocations, inclusive of 
certificates, permits, claims, changes and new applications.  Eight hundred ninety AF/yr 
are allocated from groundwater and 555 AF/yr from surface water.  Of the total allocated 
water, 208 AF/yr of groundwater and 300 AF/yr of surface water are attributable to 
claims.  There are nine new applications for groundwater rights. 

10.1.3 Water Use 

There are no major purveyors in the sub-area.  Small Group A and B Public Water 
Systems supply the majority of the domestic water use.  An estimated 268 people are 
supplied by exempt wells.  An estimated 2,836 people are connected to purveyor 
systems.  The domestic consumptive use from purveyors is 361 AF/yr and 34 AF/yr by 
exempt wells.  
 
The projected 2010 population of 3,839 people is anticipated to use 489 AF/yr.  This 
represents an increase of 94 AF/yr from 395 AF/yr in 2000. 

10.1.4 Water Quality 

No waterways in the sub-area are 303(d) listed. 

10.1.5 Fisheries Habitat 

The planning unit has determined the Coulter sub-area to be of medium priority (refer to 
Figure 9.1) with regards to “fisheries concerns”. One major waterbody, the Coulter River, 
drains a majority of the sub-area. Several waterways in the sub-area provide habitat for 
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salmonid species. Several small streams and creeks discharge directly into North Bay. 
This subarea also contains portions of Minter Creek watershed that drains to Henderson 
Bay (Carr Inlet). 

10.1.6 Instream Flows 

In order to provide for preservation and protection of wildlife, fish, scenic, aesthetic and 
other environmental values, recreational and navigational values, and to preserve water 
quality, in stream flows have been established for Coulter Creek (Chapter 173-515 WAC). 
 

10.2 Dewatto Sub-Area 

The Dewatto sub-area is located in Mason County in the southwestern corner of the 
Kitsap Peninsula.  The sub-area covers 42 square miles and is predominantly rural.  
Dewatto sub-area receives the most precipitation of all the sub-areas in WRIA 15.  
 
No major population centers are within the bounds of the sub-area.  The sub-area had a 
2000 population of 544 people, resulting in a population density of 13 people per square 
mile.  This reflects an increase in population of 143 people from the 1990 Census of 401 
people and a change in population density of 3 people per square mile.   
 
Historically, the sub-areas population has grown at a rate of 3.1% annually from 1990 to 
2000.  If this population growth trend were to continue into 2010 the resulting 
population would be 738 people, reflecting a change in population of 194 people and an 
increase in population density of 5 people per square mile. 

10.2.1 Water Balance 

Average annual rainfall is 63.0 in/yr and equivalent to 3,362 AF/yr/mi2.  20% of 
precipitation or, 12.6 in/yr, is assumed runoff to streamflows.  Water consumptively used 
by flora during their growth process, evapotranspiration, is estimated to be 15.2 in/yr. 
 
Accounting for estimated precipitation runoff and evapotranspiration water use, the 
remaining 35.2 in/yr or 1,879 AF/yr/mi is estimated to recharge to underlying aquifers 
and also partially discharge to surface water features. 

10.2.2 Relative Degree of Allocation 

Relative degree of allocation is the percent of the total inflow (surface water runoff plus 
groundwater recharge) estimated to have been allocated (claims, permits and 
certificates).  The degree of water resources that are allocated in the Dewatto sub-area is 
the lowest in the WRIA at less than one percent of available water. 
 
The majority of the water has been allocated for domestic use. Other allocation uses, in 
descending order, include irrigation, other uses (stock, recreation, power, fish, fire 
suppression, etc.) and commercial industrial. 
 
Currently there are 129 groundwater and 141 surface water right allocations, inclusive of 
certificates, permits, claims, changes and new applications.  Some 515 AF/yr are allocated 
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from groundwater and 519 AF/yr from surface water.  Of the total allocated water, 417 
AF/yr of groundwater and 200 AF/yr of surface water are attributable to claims.  There 
are six new water rights applications – two surface water and four groundwater. 

10.2.3 Water Use 

There are no major water purveyors in the sub-area.  Small Group A and B Public Water 
Systems supply the majority of the domestic water supply.  It is known that exempt 
wells are being used in the sub-area, however as an artifact of estimating the population 
using average people per household numbers the estimated number of people on 
purveyor system may be overestimated resulting in the population on exempt wells to 
be reduced and in some cases, including this basin, to zero.  The total population of the 
subarea is estimated to be connected to purveyor systems.  The domestic consumptive 
use from purveyors is estimated to be 104 AF/yr. 
 
The projected 2010 population of 738 people is anticipated to use 116 AF/yr.  This 
represents an increase of 12 AF/yr from 104 AF/yr in 2000. 

10.2.4 Water Quality 

No waterways in the sub-area are 303(d) listed. 

10.2.5 Fisheries Habitat 

The planning unit has determined the Dewatto sub-area to be of medium priority (refer 
to Figure 9.1) with regards to “fisheries concerns”.  Two major water bodies drain the 
sub-area, Dewatto River and Rendsland Creek, however many small creeks and streams 
are prevalent which discharge in to the Hood Canal directly.  Several of these water 
bodies provide habitat for salmonid species. 

10.2.6 Instream Flows 

Currently the Dewatto River and Rendsland Creek have established partial stream 
closures to further consumptive appropriation.  West Creek has an established year 
round closure.  In order to provide for preservation and protection of wildlife, fish, 
scenic, aesthetic and other environmental values, recreational and navigational values, 
and to preserve water quality, in stream flows have been established for Rendsland 
Creek (Chapter 173-515 WAC). 
 

10.3 Gig Harbor Sub-area 

The Gig Harbor sub-area is located in Pierce County on the southeastern arm of the 
Kitsap Peninsula and is linked to the City of Tacoma via the Tacoma Narrows Bridge.  
The sub-area covers 47 square miles and is predominantly Urban (Pierce County GIS, 
2002).   
 
The sub-area has two major population centers within the bounds of the sub-area, Gig 
Harbor and Harbor Heights and is the second most densely populated sub-area in the 
WRIA.  The sub-area had a 2000 population of 37,844 people, resulting in a population 
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density of 802 people per square mile.  This reflects an increase in population of 10,055 
people from the 1990 Census of 27,789 people and a change in population density of 213 
people per square mile.   
 
Historically, the sub-areas population has grown at a rate of 3.1% annually from 1990 to 
2000.  If this population growth trend were to continue into 2010 the resulting 
population would reach 51,537 people, reflecting a change in population of 13,693 people 
and an increase in population density of 290 people per square mile. 

10.3.1 Water Balance 

Average annual rainfall is 47.9 in/yr and equivalent to 2,554 AF/yr/mi2.  Twenty percent of 
precipitation or, 9.6 in/yr, is assumed runoff to streamflows.  Water consumptively used 
by flora during their growth process, evapotranspiration, is estimated to be 15.2 in/yr. 
 
Accounting for estimated precipitation runoff and evapotranspiration water use, the 
remaining 23.1 in/yr or, 1,234 AF/yr/mi2, is estimated to recharge to underlying aquifers 
and also partially discharge to surface water features.  

10.3.2 Relative Degree of Allocation 

Relative degree of allocation is the percent of the total inflow (Surface water runoff plus 
groundwater recharge) estimated to have been allocated (claims, permits and 
certificates).  The degree of water resources that are allocated in the Gig Harbor sub-area 
is the upper end of sub-areas in the WRIA at 35.0% of available water. 
 
The majority of the water has been allocated for domestic use. Other allocation uses, in 
descending order, include irrigation, municipal, commercial industrial and other 
allocation uses (stock, recreation, power, fish, fire suppression, etc.). 
 
Currently there are 1,743 groundwater and 271 surface water right allocations, inclusive 
of certificates, permits, claims, changes and new applications.  Some 26,459 AF/yr are 
allocated to groundwater and 2,312 AF/yr to surface water.  Of the total allocated water 
8,848 AF/yr of groundwater and 1,624 AF/yr of surface water are attributable to claims.  
There are 28 new applications for groundwater rights. 

10.3.3 Water Use 

Large water purveyors and other smaller Group A and B Public Water Systems service 
the majority of the sub-area.  An estimated 5,790 people are supplied by exempt wells.  
An estimated 32,054 people are connected to purveyor systems.  The domestic 
consumptive use from purveyors is 5,037 AF/yr and 910AF/yr by exempt wells.  
 
The projected 2010 population of 37,844 people is anticipated to use 8,098 AF/yr.  This 
represents an increase of 2,151 AF/yr from 5,947 AF/yr in 2000. 

10.3.4 Water Quality 

No waterways in the sub-area are 303(d) listed. 
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10.3.5 Fisheries Habitat 

The planning unit has determined the Gig Harbor sub-area to be of medium priority 
(refer to Figure 9.1) with regards to “fisheries concerns”.  The three largest waterways in 
the sub-area are Crescent, Artondale and McCormick Creeks.  Other small streams 
discharge directly into Henderson Bay, Carr Inlet and Puget Sound.  Several waterways 
in the sub-area provide habitat for salmonid species.   

10.3.6 Instream Flows 

Currently Crescent Creek has an established partial stream closure to further 
consumptive appropriation.  McCormick Creek (Vaughn Creek), North Creek, East 
Branch of the Artondale and an un-named Creek have established year round closures.  
In order to provide for preservation and protection of wildlife, fish, scenic, aesthetic and 
other environmental values, recreational and navigational values, and to preserve water 
quality, in stream flows have been established for Crescent Creek (Chapter 173-515 
WAC). 
 

10.4 Key Center Sub-area 

The Key Center sub-area extends across the Pierce, Kitsap and Mason counties 
boundaries.  The majority of the sub-area’s area is in Pierce County followed by Kitsap 
and Mason counties.  The sub-area is located in the south central portion of the 
Peninsula adjacent to Carr and Case Inlets.  The sub-area covers 40 square miles and is 
predominantly rural (Pierce County GIS, 2002).   
 
The sub-area has no major population centers within its bounds.  The sub-area had a 
2000 population of 11,832 people, resulting in a population density of 295 people per 
square mile.  This reflects an increase in population of 3,433 people from the 1990 Census 
of 8,399 people and a change in population density of 85 people per square mile.   
 
Historically, the sub-areas population has grown at a rate of 3.5% annually from 1990 to 
2000.  If this population growth trend were to continue into 2010 the resulting 
population would reach 16,668 people, reflecting a change in population of 4,836 people 
and an increase in population density of 120 people per square mile. 

10.4.1 Water Balance 

Average annual rainfall is 53.5 in/yr and equivalent to 2,853 AF/yr/mi2.  Twenty percent of 
precipitation or, 10.7 in/yr, is assumed runoff to streamflows.  Water consumptively used 
by flora during their growth process, evapotranspiration, is estimated at 15.3 in/yr. 
 
Accounting for estimated precipitation runoff and evapotranspiration water use, the 
remaining 27.5 in/yr or, 1,467 AF/yr/mi2, is estimated to provide recharge to underlying 
aquifers and also partially discharge to surface water features. 
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10.4.2 Relative Degree of Allocation 

Relative degree of allocation is the percent of the total inflow (Surface water runoff plus 
groundwater recharge) estimated to have been allocated (claims, permits and 
certificates).  The degree of water resources that are allocated in the Key Center sub-area 
is estimated at 9.7% of available water. 
 
The majority of the water has been allocated for domestic use. Other allocation uses, in 
descending order, include irrigation, commercial industrial, other allocation uses (stock, 
recreation, power, fish, fire suppression, etc.) and municipal use.  
 
Currently there are 809 groundwater and 138 surface water right allocations, inclusive of 
certificates, permits, claims, changes and new applications.  7,126 AF/yr are allocated to 
groundwater and 845 AF/yr to surface water.  Of the total allocated water, 3,014 AF/yr of 
groundwater and 379 AF/yr of surface water are attributable to claims.  There are 14 new 
applications for groundwater rights. 

10.4.3 Water Use 

The majority of the sub-area is serviced small Group A and B public water systems.  An 
estimated 4,458 people are supplied by exempt wells.  Some 7,374 people are connected 
to purveyor systems.  The domestic consumptive use from purveyors is 1,159 AF/yr and 
701AF/yr by exempt wells.  
 
The projected 2010 population of 16,668 people is anticipated to use 2,619 AF/yr.  This 
represents an increase of 759 AF/yr from 1,860 AF/yr in 2000. 

10.4.4 Water Quality 

Several waterways in the sub-area are 303(d) listed.  They include Huge, Minter and 
Little Minter Creeks and are listed because of water quality degradation resulting from 
fecal coliform. 

10.4.5 Fisheries Habitat 

The planning unit has determined the Key Center sub-area to be of high priority  (refer 
to Figure 9.1) with regards to “fisheries concerns”.  The three largest waterways draining 
the sub-area are Minter, Huge and Rocky Creeks.  Other small streams discharge directly 
into North Bay.  Several waterways in the sub-area provide habitat for salmonid species.   

10.4.6 Instream Flows 

Currently Rocky and Lackey creeks have established partial stream closures to further 
consumptive appropriation.  Minter Creek is closed year round. In order to provide for 
preservation and protection of wildlife, fish, scenic, aesthetic and other environmental 
values, recreational and navigational values, and to preserve water quality, in stream 
flows have been established for Minter and Rocky Creeks (Chapter 173-515 WAC). 
 



June 21, 2002 66 023-1020.160 

10.5 Long Branch Sub-area 

The Long Branch sub-area is wholly in Pierce County.  The sub-area is located in the 
south central arm of the Peninsula adjacent to Carr and Case Inlets, south of Key Center 
sub-area.  The sub-area covers 35 square miles and is predominantly rural (Pierce County 
GIS, 2002).   
 
The sub-area has no major population centers within its bounds.  The sub-area had a 
2000 population of 5,260 people, resulting in a population density of 152 people per 
square mile.  This reflects an increase in population of 1,940 people from the 1990 Census 
of 3,320 people and a change in population density of 56 people per square mile.   
 
Historically, the sub-areas population has grown at a rate of 4.7% annually from 1990 to 
2000.  If this population growth trend were to continue into 2010 the resulting 
population would reach 8,334 people, reflecting a change in population of 3074 people 
and an increase in population density of 89 people per square mile.  

10.5.1 Water Balance 

Average annual rainfall is 51.8 in/yr and equivalent to 2,764 AF/yr/mi2.  Twenty percent of 
precipitation or, 10.4 in/yr, is assumed runoff to streamflows.  Water consumptively used 
by flora during their growth process, evapotranspiration, is estimated at 15.7 in/yr. 
 
Accounting for estimated precipitation runoff and evapotranspiration water use, the 
remaining 25.8 in/yr or, 1,376 AF/yr/mi2, is estimated to provide recharge to underlying 
aquifers and also partially discharge to surface water features. 

10.5.2 Relative Degree of Allocation 

Relative degree of allocation is the percent of the total inflow (Surface water runoff plus 
groundwater recharge) estimated to have been allocated (claims, permits and 
certificates).  The degree of water resources that are allocated in the Long Branch sub-
area is estimated at 10.3% of available water. 
 
The majority of the water has been allocated for domestic use. Other allocation uses, in 
descending order, include irrigation, other allocation uses (stock, recreation, power, fish, 
fire suppression, etc.) and commercial industrial. 
 
Currently there are 800 groundwater and 156 surface water right allocations, inclusive of 
certificates, permits, claims, changes and new applications.  Some 5,792 AF/yr are 
allocated to groundwater and 1,094 AF/yr to surface water.  Of the total allocated water 
3,749 AF/yr of groundwater and 646 AF/yr of surface water are attributable to claims.  
There are 5 new applications for groundwater rights. 

10.5.3 Water Use 

Small Group A and B Public Water Systems serve the majority of the sub-area, with the 
remaining population being supplied by exempt wells.  1,351 people are supplied by 
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exempt wells.  An estimated 3,909 people are connected to purveyor systems.  The 
domestic consumptive use from purveyors is 614 AF/yr and 212AF/yr by exempt wells.  
 
The projected 2010 population of 8,333 people is anticipated to use 1,309 AF/yr.  This 
represents an increase of 482 AF/yr from 827 AF/yr in 2000. 

10.5.4 Water Quality 

Mayo Creek is 303(d) listed because of water quality degradation resulting from fecal 
coliform, temperature and pH.   

10.5.5 Fisheries Habitat 

The planning unit has determined the Long Branch sub-area to be of lowest priority  
(refer to Figure 9.1) with regards to “fisheries concerns”.  The largest waterway draining 
the sub-area is Dutcher Creek.  Other small streams discharge directly into Carr Inlet and 
Case Inlet.  Several waterways in the sub-area provide habitat for salmonid species.   

10.5.6 Instream Flows 

Currently no partial stream closures to further consumptive appropriation have been 
established for any of the Sub-area’s waterways.  Dutcher Creek and an un-named creek 
have established year round closures.  No in-stream flows have been established for any 
of the sub-area’s waterways. 
 

10.6 McNeil/Anderson Sub-area 

The McNeil/Anderson sub-area is in Pierce County and comprised of two islands 
between the Nisqually Reach, Puget Sound and Carr Inlet, located at the southeastern 
tip of the Kitsap Peninsula.  The sub-area totals 15 square miles and is divided between 
McNeil Island, home to the McNeil Island Federal Penitentiary, and rural Anderson 
Island (Pierce County GIS, 2002).   
 
The sub-area has no major population centers within its bounds.  The sub-area had a 
2000 population of 2,416 people, resulting in a population density of 159 people per 
square mile.  This reflects an increase in population of 701 people from the 1990 Census 
of 1,715 people and a change in population density of 46 people per square mile.   
 
Historically, the sub-areas population has grown at a rate of 3.5% annually from 1990 to 
2000.  If this population growth trend were to continue into 2010 the resulting 
population would reach 3,404 people, reflecting a change in population of 988 people 
and an increase in population density of 65 people per square mile.  
 
The population analysis uses federal census data that accounts for resident population.  
Anderson Island receives a significant recreational population during the summer, which 
is not accounted for in this assessment. 
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10.6.1 Water Balance 

Average annual rainfall is 46.7 in/yr and equivalent to 2,493 AF/yr/mi2.  Twenty percent of 
precipitation or, 9.3 in/yr, is assumed runoff to streamflows.  Water consumptively used 
by flora during their growth process, evapotranspiration, is estimated at 14.9 in/yr. 
 
Accounting for estimated precipitation runoff and evapotranspiration water use, the 
remaining 22.4 in/yr or, 1,194 AF/yr/mi2, is estimated to provide recharge to underlying 
aquifers and also partially discharge to surface water features. 

10.6.2 Relative Degree of Allocation 

Relative degree of allocation is the percent of the total inflow (Surface water runoff plus 
groundwater recharge) estimated to have been allocated (claims, permits and 
certificates).  The degree of water resources that are allocated in the McNeil/Anderson 
sub-area is WRIA estimated at 12.8% of available water.  The majority of the water has 
been allocated for irrigation use.  Other allocation uses, in descending order, include 
domestic and other allocation uses (stock, recreation, power, fish, fire suppression, etc.). 
 
Currently there are 125 groundwater and 43 surface water right allocations, inclusive of 
certificates, permits, claims, changes and new applications.  Some 1,543 AF/yr are 
allocated to groundwater and 1,746 AF/yr to surface water.  Of the total allocated water 
561 AF/yr of groundwater and 319 AF/yr of surface water are attributable to claims.  
There is one new application for a groundwater right and one for a surface water right. 

10.6.3 Water Use 

It was estimated that total population of 2,416 people on the islands are connected and 
serviced by small Group A and B Public Water Systems.  The domestic consumptive use 
from purveyors is estimated at 652 AF/yr.   It is known that exempt wells are being used 
in the sub-area, however as an artifact of estimating the population using average people 
per household numbers the estimated number of people on purveyor system may be 
overestimated resulting in the population on exempt wells to be reduced and in some 
cases null. 
 
The projected 2010 population of 3,404 people is anticipated to use 535 AF/yr.  This 
represents an increase of 155 AF/yr from 380 AF/yr in 2000. 

10.6.4 Water Quality 

No waterways in the sub-area are 303(d) listed.  

10.6.5 Fisheries Habitat 

The planning unit has determined the McNeil/Anderson sub-area to be of lowest priority 
(refer to Figure 9.1) with regards to “fisheries concerns”.  No major waterways drain the 
sub-area.  Four lakes are within the boundaries of the sub-area, Butterworth Reservoir 
and Anderson Lake on McNeil Island and Florence and Josephine Lakes on Anderson 
Island.  No waterbodies in the sub-area are known to provide salmonid habitat.  



June 21, 2002 69 023-1020.160 

10.6.6 Instream Flows 

The are no partial or year round closures to further consumptive appropriation and no 
in-stream flows have been established for any waterways in the sub-area. 
 

10.7 Tahuya Sub-area 

The Tahuya sub-area is located in Mason County in the southwestern portion of the 
peninsula adjacent Hood Canal and Dewatto sub-area.  The sub-area covers 59 square 
miles and is predominantly rural. 
 
The sub-area has no major population centers within its bounds.  The sub-area had a 
2000 population of 3,617 people, resulting in a population density of 62 people per 
square mile.  This reflects an increase in population of 866 people from the 1990 Census 
of 2,751 people and a change in population density of 15 people per square mile.   
 
Historically, the sub-areas population has grown at a rate of 2.8% annually from 1990 to 
2000.  If this population growth trend were to continue into 2010 the resulting 
population would reach 4,756 people, reflecting a change in population of 1,139 people 
and an increase in population density of 19 people per square mile.  

10.7.1 Water Balance 

Average annual rainfall is 51.4 in/yr and equivalent to 2,740 AF/yr/mi2.  Twenty percent of 
precipitation or, 10.3 in/yr, is assumed runoff to streamflows.  Water consumptively used 
by flora during their growth process, evapotranspiration, is estimated at 14.6 in/yr. 
 
Accounting for estimated precipitation runoff and evapotranspiration water use, the 
remaining 26.7 in/yr or, 1,425 AF/yr/mi2, is estimated to provide recharge to underlying 
aquifers and also partially discharge to surface water features. 

10.7.2 Relative Degree of Allocation 

Relative degree of allocation is the percent of the total inflow (Surface water runoff plus 
groundwater recharge) estimated to have been allocated (claims, permits and 
certificates).  The degree of water resources that are allocated in the Tahuya sub-area is 
estimated at 3.0% of available water. 
 
The majority of the water has been allocated for domestic use.  Other allocation uses, in 
descending order, include irrigation, other allocation uses (stock, recreation, power, fish, 
fire suppression, etc.) and municipal use. 
 
Currently there are 245 groundwater and 250 surface water right allocations, inclusive of 
certificates, permits, claims, changes and new applications.  Some 2,507 AF/yr are 
allocated to groundwater and 988 AF/yr to surface water.  Of the total allocated water 
1,034 AF/yr of groundwater and 439AF/yrof surface water are attributable to claims.  
There are 8 new applications for water rights, five for groundwater and three for surface 
water. 
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10.7.3 Water Use 

The sub-area is serviced small Group A and B public water systems.  The sub-area’s 
population of 4,165 is connected to purveyor systems.  The domestic consumptive use 
from purveyors is 654 AF/yr.  It is known that exempt wells are being used in the sub-
area, however as an artifact of estimating the population using average people per 
household numbers the estimated number of people on purveyor system may be 
overestimated resulting in the population on exempt wells to be reduced and in some 
cases null. 
 
The projected 2010 population is anticipated to use 747 AF/yr.  This represents an 
increase of 93 AF/yr from 654 AF/yr in 2000. 

10.7.4 Water Quality 

Several waterways in the sub-area are 303(d) listed.  They include Shoefly and Stimpson 
Creeks are listed because of water quality degradation resulting from Fecal Coliform. 

10.7.5 Fisheries Habitat 

The planning unit has determined the Tahuya sub-area to be of high priority (refer to 
Figure 9.1) with regards to “fisheries concerns”.  The largest waterway draining the sub-
area is the Tahuya River.  Other small streams discharge directly into Hood Canal.  
Several waterways in the sub-area provide habitat for salmonid species.   

10.7.6 Instream Flows 

Currently Stimpsom Creek and the Tahuya River have established partial stream 
closures to further consumptive appropriation.  Shoefly, and Little Shoefly Creeks have 
established year round closures.  In order to provide for preservation and protection of 
wildlife, fish, scenic, aesthetic and other environmental values, recreational and 
navigational values, and to preserve water quality, in stream flows have been established 
for the Tahuya River (Chapter 173-515 WAC). 
 

10.8 Union Sub-area 

The Union sub-area is located in Mason and Kitsap counties in the south central portion 
of the peninsula at the tip of Hood Canal.  The sub-area covers 40 square miles and is 
predominantly rural with an Urban Growth Area around Belfair (Mason County, 1996).   
 
The sub-area has one major population center, Belfair.  The sub-area had a 2000 
population of 4,921 people, resulting in a population density of 124 people per square 
mile.  This reflects an increase in population of 562 people from the 1990 Census of 4,359 
people and a change in population density of 14 people per square mile.   
 
Historically, the sub-areas population has grown at a rate of 1.2% annually from 1990 to 
2000.  If this population growth trend were to continue into 2010 the resulting 
population would reach 5,555 people, reflecting a change in population of 634 people 
and an increase in population density of 16 people per square mile.  
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10.8.1 Water Balance 

Average annual rainfall is 62.1 in/yr and equivalent to 3,313 AF/yr/mi2.  Twenty percent of 
precipitation or, 12.4 in/yr, is assumed runoff to streamflows.  Water consumptively used 
by flora during their growth process, evapotranspiration, is estimated at 15.5 in/yr. 
 
Accounting for estimated precipitation runoff and evapotranspiration water use, the 
remaining 34.2 in/yr or, 1,825 AF/yr/mi2, is estimated to provide recharge to underlying 
aquifers and also partially discharge to surface water features. 

10.8.2 Relative Degree of Allocation 

Relative degree of allocation is the percent of the total inflow (Surface water runoff plus 
groundwater recharge) estimated to have been allocated (claims, permits and 
certificates).  The degree of water resources that are allocated in the Union sub-area is 
estimated at 30.0% of available water. 
 
The majority of the water has been allocated for municipal use. Other allocation uses, in 
descending order, include domestic, irrigation, commercial industrial, and other 
allocation uses (stock, recreation, power, fish, fire suppression, etc.). 
 
Currently there are 352 groundwater and 209 surface water right allocations, inclusive of 
certificates, permits, claims, changes and new applications.  Some 5,932 AF/yr are 
allocated to groundwater and 23,692 AF/yr to surface water.  Of the total allocated water 
3,118 AF/yr of groundwater and 23,403 AF/yr of surface water are attributable to claims.  
There are 3 new applications for groundwater rights. 

10.8.3 Water Use 

The majority of the sub-area is serviced by Group A and B Public Water Systems.  An 
estimated 1,087 people are supplied by exempt wells and 3,834 people are connected to 
purveyor systems.  The domestic consumptive use from purveyors is 603 AF/yr and 171 
AF/yr by exempt wells. 
 
The projected 2010 population is anticipated to use 873 AF/yr.  This represents an 
increase of 100 AF/yr from 773 AF/yr in 2000. 

10.8.4 Water Quality 

The Union River is 303(d) listed because of water quality degradation resulting from fecal 
coliform. 

10.8.5 Fisheries Habitat 

The planning unit has determined the Tahuya sub-area to be of medium priority (refer to 
Figure 9.1) with regards to “fisheries concerns”.  The largest waterway draining the sub-
area is the Tahuya River.  Other small streams discharge directly into Hood Canal.  
Several waterways in the sub-area provide habitat for salmonid species.   
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10.8.6 Instream Flows 

Currently no partial stream closures to further consumptive appropriation have been 
established.  Union River, Mission Lake, Mission Creek and Little Mission Creek have 
established year round closures.  In order to provide for preservation and protection of 
wildlife, fish, scenic, aesthetic and other environmental values, recreational and 
navigational values, and to preserve water quality, in stream flows have been established 
for the Union River (Chapter 173-515 WAC). 
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11. SUB-AREA PRIORITIZATION AND DATA GAPS 
 
The approach assumed for Phase II, Level 1 Assessment watershed planning is to 
subdivide the Kitsap watershed into sub-areas, and to prioritize these sub-areas for 
further assessment.  This will allow the most focused, effective and cost efficient 
expenditure of effort.  In this section, the parameters, ranking criteria, and the resulting 
rankings are presented.  Finally, potential data gaps are discussed. 
 

11.1 Parameters 

Through Sections 4 through 9 of this document quantify these parameters by sub-area.  
When viewed individually each parameter may or may not be determined to have a 
significant impact to water resources of a sub-area.  However, when viewed together 
they provide insight to the condition of a sub-area’s water resources.  These parameters 
are grouped into the larger categories of population, water availability (balance), water 
allocation, water use, water quality and fisheries habitat and summarized by sub-area for 
comparison (Tables 10-1, 11-2).  Categories with more parameters will have 
proportionally more weight.  For instance, the fish habitat category with four parameters 
has four times more influence in the resulting ranking than the water quality category, 
which has only one parameter.   
 
The methodology chosen to prioritize sub-areas is based on the following set parameters: 

• Annual Growth Rate (1990 -2000) 

• Population Density  

• Change in Population Density  

• Runoff 

• Recharge  

• Relative Degree of Allocation 

• New Water Rights Application 

• Relative Degree of Development 

• Current Purveyor Water Use  

• Current Exempt Well Water Use  

• Projected 2010 Water Use  

• 303 (d) Listed Water Bodies 

• Listing of Fish Species under the Endangered Species Act  

• Instream Flows 

• Established Year-Round Stream Closures 

• Planning Unit "Fisheries Concerns" Priority 
 



June 21, 2002 74 023-1020.160 

11.2 Comparison Criteria 

The values of the selection parameters are normalized for incorporation into a 
prioritization score.  For most parameters, the full possible range of values is broken out 
into three ranges that result in dividing the sub-areas into three approximately equally 
sized groupings (Table 11-1).  Several parameters (e.g., water quality and most fish 
habitat parameters) are not quantified but simply have a yes/no value.  Planning Unit 
“Fisheries Concerns” Priorities are provided with a lowest, low, medium and high 
groupings.  Numeric values are assigned to a parameter dependent upon which range 
the value for that parameter falls as follows: 
 

Ranking Values 
 

Quantified 
Parameters 

Value Parameters Fisheries Concerns  Ranking 
Value 

 No  Lowest 0 
Low  Low 1 
Medium  Medium 2 
High Yes High 3 

 
A more sophisticated set of criteria may be considered for adoption. 
 

11.3 Ranking 

Summing up the rankings of each parameter on a sub-area resolution, the relative 
condition of the water resources of an individual sub-area may be compared to the other 
sub-areas of the WRIA.  The results are as follows: 
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Sub-area 
Prioritization 

Score Rank 

High 

Bangor 45 1 

Manette 43 2 

Manchester 42 3 

Kingston 42 3 

Poulsbo 41 5 

Gorst 40 6 

Gig Harbor 40 6 

Medium 

Olalla 38 8 

Port Gamble 38 8 

Chico 36 10 

Key Center 36 10 

Bainbridge Island 35 12 

Seabeck 34 13 

Hansville 30 14 

Tahuya 30 14 

Low 

Stavis 28 16 

Union 27 17 

Dewatto 26 18 

Long Branch 26 18 

Coulter 25 20 

Anderson 24 21 

McNeil / Anderson 19 22 

 
Sub-areas with identical ranking are assigned identical prioritization scores.  The 
resulting ranking will change if the list of parameters and criteria applied are changed, or 
different methodologies of parameter quantification are used.  Additionally, parameters 
may be differentially weighted.  The results of the ranking are presented in Table 11-2, 
and in Figures 11.1 and 11.2.  With the current ranking, three approximately equal 
groupings are formed of sub-areas with Prioritization Scores of 40 and higher (high 
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score; seven sub-areas), Prioritization Scores of between 30 and 40 (medium score; eight 
sub-areas), and those with a Prioritization Scores of less than 30 (low score; seven sub-
areas).   
 
A comparison of the ranking of sub-areas based on fisheries concerns alone as prepared 
by Kitsap County, and using all parameters presented in this report was made.  Four 
categories were used in the fisheries ranking, whereas three categories were used when 
all parameters were considered.  Consistencies were identified when sub-areas were 
ranked by the two approaches as follows: 
 

Basis of Identifying Consistency Between Ranking Using Fisheries Concerns, and 
Using All Parameters 

 

Ranking on the 
Basis of Fisheries  

Ranking Using All 
Parameters 

Lowest or Low Low 

Low or Medium Medium 

Medium or High High 

 
 
The ranking of the sub-areas based on the basis of fisheries are superposed on the Level 
1 Assessment ranking of sub-areas in Figure 11.2.  The following inconsistencies were 
noted: 
 
Inconsistencies Between Ranking Using Fisheries Concerns, and Using All Parameters 
 

Sub-area Ranking on the 
Basis of Fisheries  

Ranking Using All 
Parameters 

Bainbridge Lowest Medium 

Coulter Medium Low 

Union Medium Low 

Dewatto High Low 

 
Vashon and Blake Islands were included in the fisheries ranking but excluded from 
ranking using all parameters. 
 

11.4 Data Gaps  

Data gaps are defined by virtue of whether they allow specific decisions to be made.  The 
primary decision at this point of watershed planning is to prioritize sub-areas and / or 
information deficiencies for further assessment.  Beyond the method presented in Tables 
10-1, 11-1 and 11-2, there is also a broad understanding of Planning Unit members of 



June 21, 2002 77 023-1020.160 

issues and existing information that have not been addressed in this Level 1 Assessment.  
Therefore there is a level of reliance upon the collective understanding of the Planning 
Unit in confirming the appropriate use of the tables used in prioritizing sub-areas and 
the resulting rankings. 
 
If further analysis is to be prioritized on a basis of Sub-areas, information deficiencies and 
data gaps may be chosen for further assessment with regards to addressing the most 
prominent issues within those sub-areas.  Although land use is expected to have a 
significant impact on the watershed, it has not been explicitly characterized in this Level 
1 Assessment.  However, it is implicitly represented by population density.  Because land 
use is among the largest variables affecting the health of the watershed, more definitive 
characterization of land use and its potential impacts on the hydrology of the watershed 
or sub-areas may be considered in the Level 2 Assessment. 
 

11.4.1 General Data Gaps 

Variables that may be important in a watershed assessment that were not included in 
this Level 1 Assessment include but are not limited to: 

• Streamflow analyses; 

• Land Use; 

• Geology; 

• Groundwater; 

• Hydraulic continuity; 

• Seawater intrusion; and, 

• Wastewater streams (including septic systems). 
 
These areas were intentionally excluded from being addressed in this Level 1 Assessment 
in order to reserve resources for the Level 2 Assessment.  These may be considered for 
inclusion in the Level 2 Assessment of selected sub-areas or in expanding the overview of 
the whole WRIA provided by this report and the Kitsap County Initial Basin Assessment 
(EES, 1997).   
 

11.4.2 Water Balance Data Gaps 

Uncertainties and assumptions described in this section may introduce error into the 
monthly timing and volume of estimated hydrologic losses.  Possible sources of 
inaccuracies include: 

 
• Estimating runoff as a percentage of precipitation.  Runoff is dependant on both a 

soil type, the associated hydrologic properties, and the time scale considered; 

• Aggregating temperature and precipitation by sub-area, in some topographic 
features may have an affect on both temperature and precipitation; 
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• Using a single value for soil moisture content for the whole watershed; and, 

• Using a single crop coefficient of grass to represent all vegetation types. 

Overall, for the purposes of this Level 1, Phase II watershed planning effort the estimates 
will provide an understanding of waters consumed by evapotranspiration and waters 
available for groundwater recharge.  
 

11.4.3 Water Allocation Data Gaps 

The following limitations must be considered when estimating the amount of water 
allocated: 

• Some claims may have been repeatedly filed for the same water over several 
claim registration periods; 

• Not all of the rights and claims used in the analysis may be valid to the estimated 
Qa; and, 

• The resolution of analysis was aggregated to Public Land Survey sections, and 
allocated to the sub-area that the centroid of the section was located in. 

 
The validity of water rights and claims is a function of the degree to which they have 
been perfected (i.e., the maximum amount to which they have been used, within certain 
parameters), and the degree to which they have been maintained.  If a water right or a 
portion of it has not been used for more than five continuous years it is no longer valid 
and has been relinquished (with exceptions).  Municipal water rights are exempt from 
relinquishment.   
 
Recent experience with change requests for certificates reveals that actual usage is often 
25-75% of the certificated amount.  This suggests that 25-75% of the water rights 
registered in the WRATS database may not be valid or have been relinquished.  This is 
due to the Department of Ecology's past practice of issuing relatively large Qa values on 
certificates.  For example, at times in the past, Ecology allocated 1 AF/yr per domestic 
connection.  This has been lowered over time to more accurately reflect actual use.  
Today Ecology generally uses 1/3 AF/yr per domestic connection. In addition, for years, 
Ecology issued certificates to public water systems on a basis of installed infrastructure, 
with the anticipation that the Qa would be eventually put to beneficial use.  Many public 
water systems are still growing into their assigned Qa’s. 
 

11.4.4 Water Use Data Gaps 

Water use was estimated based on representative per capita use for purveyor and 
exempt wells.  Higher or lower actual use patterns are possible.  Potential data gaps 
include but are not limited to: 

• Water use from industrial/commercial/military; 

• Spatial distribution of irrigated agricultural lands; 
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• Fisheries (hatcheries and in stream); and, 

• Accuracy of the estimated total number of exempt wells 
 
Variables contributing to higher water use from exempt wells include:   

• There is no meter charge for exempt wells as there is for water supplied by 
municipal purveyors, therefore there is less incentive to conserve water (other 
than the electrical bill associated with pump operation); 

• Exempt wells occur in rural areas with larger lot sizes.  Therefore landscaping and 
garden use can be higher than in more developed areas; and, 

• Exempt wells occur in rural areas that commonly support livestock with wells. 
 
Variables contributing to lower water use from exempt wells include:   

• The productivity of exempt wells may limit the volumes of water that can be 
withdrawn; and, 

• Exempt wells may support homes in rural areas that do not have any landscape 
water needs.  

11.4.5 Water Quality Data Gaps 

In general, there is extensive data available on the waterbodies in WRIA 15. Data gaps in 
WRIA 15 are primarily a function of limited data, or lack of data quality.   
 
Water quality impairment data on several waterbodies exists, but cannot be used to list 
the waterbody on the 303(d) list due to problems with the methodologies used. For 
example, Barker Creek has documentation of water quality exceedances of pH, however, 
these measurements were not made using a quality assurance plan as required by the 
Water Quality Program policy. Since the policy was not met, the data cannot be used to 
form the basis for listing.  As well, several marine areas have documented levels of toxins, 
however, the confirmatory designation procedures required by the Sediment 
Management Standards (WAC 173-204-310(2)) have not been applied to the cited data.  
 
Several marine areas are also lacking water quality data. Many areas are classified as 
"Prohibited" for commercial shellfish harvest by the Department of Health because of the 
proximity on a wastewater discharge, and not due to violations of the water quality 
standards. Without water quality data to show an actual impact, there is no basis for 
listing waters in these areas and they are not included on the 303(d) list of impaired 
waterbodies. 
 
Finally, some areas have a limited amount of data, but not enough to make a firm 
determination of water quality impairment. For example, Wright Creek has a 
documented exceedance of fecal coliform, however, it is only for one time period. A 
single excursion beyond the criterion does not meet the Water Quality Program policy 
for listing, and thus Wright Creek is not included on the 303(d) list. 
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