
e= -ll1:J 

\ q q& SeA bee_}'_ a~ V\ i -\'-t ( 
Vlvo-\-f'd\(YY\ f~Vl 

• 



SEABECK AQUIFER PROTECTION PLAN 
PUBLIC UTILITY DISTRICT #1 OF KITSAP COUNTY 

_./ 

/ 

/ 

PUD # 1 of Kitsap County 
P.O. Box 1989 

Poulsbo, WA 98370 

April 1996 

/ 
/ 

Robinson & Noble, Inc. 
5915 Orchard Street West 

Tacoma, WA 98467 

t 
N 

I 

Economic & Engineering Services, Inc. 
626 Columbia Street NW, Suite 2-A 

Olympia, WA 98507 

Funded in part by Washington State Department of Ecology Centennial Clean Water Fund 
Grant #G9300318 



•• 

• 

• 

SEABECK AQUIFER PROTECTION PLAN 
PUBLIC UTILITY DISTRICT #1 . OF KITSAP COUNTY 

PUD #1 of Kitsap County 
P.O. Box 1989 

Poulsbo, WA 98370 

April 1996 

Robinson & Noble, Inc. 
5915 Orchard Street West 

Tacoma, WA 98467 

Economic & Engineering Services, Inc. 
626 Columbia Street NW, Suite 2-A 

Olympia, WA 98507 

Funded in part by Washington State Department of Ecology Centen,_~l Clean Water Fund 
;--' Grant #G9300318 . ·.' 

PROPERTY OF STATE OF W ASBINGTON' 
DEPARTMENT OF ECOLOGY LIBRARY 



• 

• 

• 

I. 

2. 

3. 

4. 

PUBLIC UTILITY DISTRICT# I OF KITSAP COUNTY 
SEABECK AQUIFER PROTECTION PlAN 

TABLE OF CONTENTS 

Executive Summary 

Seabeck Aquifer Protection Plan 
Introduction. . . . . . . . . . . 
Protection Plan Philosophy . . . 
Seabeck Subarea Hydrogeology. 

Perched Aquifer System. . . . . . 
Seabeck Aquifer System. . . . . . . . . . 

Seabeck Aquifer System Recharge Area . 
Bedrock Aquifer. . . . . . . . . 

Seabeck Subarea Hazard Inventory . . . . . . 
Population/Land Use . . . . . . . . . 
Contaminant Source Inventory . . . . 

Seabeck Subarea Hazard Assessment'Ranking 
Kitsap County Ground Water Management Plan . 
Seabeck Aquifer Protection Plan . . . . . . . . . 

Seabeck Aquifer Protection Plan Implementation Tasks 

Hydrogeology 
Introduction. 
Previous Work 
Database ... 
Physical Setting 
Hydrogeology. . 
Water Quality .. 
Water Rights Assessment . 
Water Availability ..... 
Monitoring Network . . . 
Summary and Conclusions 
Recommendations. . . . . 

. 2-1 

. 2-2 

. 2-2 
... 2-2 

. 2-3 

. 2-3 

. 2-3 

. 2-4 
.. 2-4 
. . 2-4 
.. 2-5 

. 2-6 
. ....... 2-7 

. . 4-l 

.. 4-2 

. . 4-4 

.. 4-5 
4-10 
4-23 
4-24 
4-27 
4-29 
4-30 
4-31 

Table of Contents 



5. 

6. 

Hazard Inventory and Risk Assessment 
Introduction . . . . . . . 
Population & Land Use . . . . 

Population. . . . . . . 
Land Cover I Land Use 
Zoning ........ . 

Known and Potential Contaminant Source Inventory . 
Methodology . . 
Known Sources . 
Potential Sources 
Summary .... 

Risk Ranking of Known Potential Contaminant Sources 
U pgradient Proximity to Source . 
Type of Contamination . . . . . . . . 
Severity of Risk . . . . . . . . . . . . 
Straight-line Distance from the Source 
Contaminated Media. . . . . . . . . . 

Strategies for Risk Reduction . . . . . . . . . 
Kitsap County Ground Water Management Plan. 
Strategies Useful to Specifically Protect the Seabeck Aquifer . 

Monitoring Program for the Seabeck Aquifer System 
Water Quality Monitoring. . . . . . . . . . . . . 
Water Level and Production Records Monitoring . . . . . . 

FIGURES AND TABLES 

Seabeck Aquifer Protection Plan 
Figure 2-1. Boundaries of 18 Kitsap County subareas and location 

of Seabeck subarea 
Figure 2-2. Seabeck Aquifer System boundaries and recharge area 

Monitoring Program for the Seabeck Aquifer System 
Figure 6-1. Seabeck Aquifer System boundaries and locations of 

monitoring network wells 
Table 6-1. Summary of selected data for the monitoring network 

wells 

5-l 
5-1 
5-1 
5-1 
5-1 
5-2 
5-2 
5-4 
5-5 
5-7 
5-7 
5-8 
5-8 
5-8 
5-8 
5-8 
5-9 
5-9 

5-10 

6-1 
6-3 

II Table of Contents 

• 

• 

• 



._ 
... 
m 
>< m • 0 

~ 
(/1 
c: 
ill: ; 
< 

• 

• 



• 

• 

• 

PUBLIC UTILITY DISTRICT# I OF KITSAP COUNTY 
SEABECK AQUIFER PROTECTION PLAN 

EXECUTIVE SUMMARY 

The Public Utility District #1 of Kitsap County (KPUD) developed an Aquifer Protection Plan to 
identify and protect the ground water resources in the Seabeck area. The plan was developed under 
the auspices of the Washington Department of Ecology Centennial Clean Water Funds Grant 
program Grant No. 0900318. The study was divided into three primary areas of interest: 1) aquifer 
identification and characterization, 2) existing and potential contamination hazard identification, and 
3) protection strategies and implementation tasks. 

Aquifer identification and characterization were accomplished in order to develop explicit protection 
plans for the area. Aquifer definition included specific aquifer delineation, determination of ground 
water flow directions, and demarcation of aquifer recharge areas. Local and regional hydrogeology 
was evaluated using topographic, climatic, stratigraphic, and surficial geology data collected for a 
27-square-mile area. A conceptual model was developed of both the aquifer system and the 
overlying and underlying geologic units. This model allowed for the specific definition and 
delineation of the Seabeck Aquifer System. 

Once the Seabeck Aquifer System was delineated, existing and potential contamination sources were 
identified and the risks to the aquifer were evaluated. The review and identification of potential and 
known contamination threats consisted of evaluation of contaminant site databases developed by the 
EPA and Washington State Department of Ecology. Current and historic land use in the area was 
also examined. No existing threats to the aquifer were identified. However, several potential threats 
were found. All of the potential risk categories are considered minor and manageable. Those land 
use activities which pose a potential threat to the aquifer, in order of risk, are: l) medium density 
residential development, 2) low density residential development, 3) transportation corridors, 4) 
industrial/commercial sites, 5) forestry practices, and 6) mining practices. Water quality in the 
Seabeck Aquifer System is generally high. Threats to the aquifer system appear to be typical of rural 
residential/forested land use and are relatively minor. Continued development under the existing 
county zoning designations can be managed in such a way that it will adequately protect the water 
quality of the Seabeck Aquifer System. 

The protection plan includes 18 potential implementation tasks and a monitoring plan. The 
monitoring plan consists of a ground water monitoring network of 18 wells located throughout the 
aquifer area. This network will serve to generate basic information regarding the hydrogeology of 
the aquifer and also serve as a sentinel well network to alert the KPUD of existing contamination. 
The overall success of the protection plan is based upon monitoring of the system, active data 
collection and management by the District, and cooperation with those state and local agencies 
which regulate potential contaminants. The recommendations presented in this document provide 
for continuing assessment of risks and for updating this planning document. The critical piece of 
this plan is the development of an aquifer protection steering committee which will provide guidance 
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and impetus to a continuing planning process. The steering committee will oversee the management 
of the aquifer area and see that the long-term commitment to protecting the existing water quality • 
and quantity of the aquifer is maintained. 

• 
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Introduction 

PUBLIC UTILITY DISTRICT# I OF KITSAP COUNTY 
SEABECK AQUIFER PROTECTION PLAN 

Kitsap Public Utility District (KPUD) and its consultant team have performed a hydrogeologic 
evaluation of the Seabeck Aquifer System and have inventoried the potential hazardous materials 
sites in the local area. The Seabeck Aquifer Protection Plan and associated studies were funded in 
part by the Department of Ecology Centennial Clean Water Funds Grant G9300318. The goal of 
the study is to provide a sufficient understanding of the ground water system, develop a plan to 
protect the integrity of the existing water quality of the aquifer, to manage the activities in proximity 
to the aquifer recharge area in order to prevent contamination where possible, and to affect a timely 
and appropriate response to possible contamination events. The overall plan incorporates the 
recommendations presented in this section, the Aquifer Protection Plan Implementation Tasks 
identified in the subsequent section, and the Ground Water Monitoring Plan developed in the 
Monitoring Program Section. 

The Seabeck Aquifer System lies within a portion of Kitsap County identified as the Seabeck 
subarea. This subarea is one of eighteen study areas identified in the County's Ground Water 
Management Plan Volume ill Draft (1995) and in the Kitsap County Initial Basin Assessment Draft 
(1995) (see Figure 1) . 

The subarea contains five major stream drainages (Little Beef, Johnson, Anderson, Big Beef and 
Seabeck). These drainages generally flow from south to north, from elevations near 400 feet above 
sea level to discharge points along Hood Canal. The subarea covers approximately 27 square miles 
(about 7% of the County) and is largely forested or covered with other natural vegetation. Two main 
transportation routes traverse the Seabeck area on the north and south edges of the basin, one along 
Hood Canal and the other passing from the Wildcat Lake area through the community of Camp 
Union. Two other routes traverse the subarea from north to south. The upper reaches of the streams 
in the subarea contain some marsh plateaus. The only large lake in the area is William Symington 
Lake, an artificial reservoir located in the Big Beef drainage . 
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Protection Plan Philosophy 

The information collected to date indicates that the quality and quantity of the ground water in the 
Seabeck Aquifer System are very good and constitute a valuable regional resource. Presently, 
development in the subarea does not appear to have had any negative impact on the region's water 
quantity and quality; however, future longer-term testing and monitoring is needed to provide a 
better assessment of the relationship between the resource and land use changes. The monitor plan 
developed as a portion of this study will provide a network of wells to collect the hydrogeologic data 
necessary to evaluate long-term changes in water quantity and quality. These wells will also serve 
as sentinel wells to provide warnings regarding emergent contamination of the ground water 
resource. 

At the present time, the Seabeck subarea is sparsely developed but could be subjected to increased 
development in the future. Because the Seabeck Aquifer System represents a substantial, long-term 
resource for the County, the development of a plan to protect its integrity is prudent. Additionally, 
the expense incurred by the KPUD to develop and distribute this water represents a substantial 
investment which would be wasted should the resource become unusable. 

The KPUD recognizes that responsible surface development can occur without harming the ground 
water resource if the development is managed according to appropriate guidelines. The Seabeck 
Aquifer Protection Plan is not designed to preclude development in the area, but it does identify and 
recommend management actions to avoid potential threats to the aquifer. Where practical, the plan 
allows for mitigation of threats. 

Seabeck Subarea Hydrogeology 

Within the Seabeck subarea, three aquifer systems have been defined: the perched aquifer system, 
the Seabeck Aquifer System, and the bedrock aquifer system. A thorough description of the 
hydrogeology of the area may be found in the Hydrogeology Section. Brief summaries of the 
aquifer systems are given below. 

Perched Aquifer System 

Perched aquifers occur where the downward movement of water is impeded by less permeable layers 
within the vadose zone, causing local areas of saturation with non-saturated sediments beneath them. 
In the Seabeck subarea, perched aquifers occur discontinuously, generally at elevations 100 feet 
above mean sea level (MSL). The majority of the wells in the upland areas are completed within 
these local aquifers. Springs occur where perched aquifers intercept the land surface, particularly 
on the high banks along Hood Canal and in steep valleys cut by streams in the upland areas. 

• 
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Seabeck Aquifer System 

The Seabeck Aquifer System has been defined as a large, highly stratified, heterogeneous series of 
permeable strata containing water with a concordant water table which occurs between 
approximately 100 feet above MSL and 270 feet below MSL. Figure 2 shows the extent and 
recharge area of the Seabeck Aquifer System as currently defined. The Seabeck Aquifer System 
represents a major source for domestic supply. 

At any one location, the thickness of the Seabeck Aquifer System does not exceed 250 feet and 
averages about 200 feet. The top of the aquifer is interpreted to be the point where permeable 
materials, excluding perched zones, become saturated. The elevation of the aquifer top ranges from 
100 feet above MSL in the southern portion of the aquifer area, to approximately MSL in the 
northern portion. The bottom of the aquifer has only been identified at four points in the Seabeck 
subarea From these points, it appears that the bottom elevation ranges from 130 to 270 feet below 
MSL. A 60-day test of a production well in the Seabeck Aquifer System indicated that the aquifer­
wide transmissivity is 50,000 gpd/ft with a storage coefficient of 0.0098 (Purdy, 1994). 

Seabeck Aquifer System Recharge Area 

The recharge area for the Seabeck Aquifer System, shown on Figure 2, is the area that directly 
overlies the aquifer plus the area of the Big Beef Creek drainage which is underlain by bedrock. The 
bedrock area is included because the bedrock provides a catchment area to precipitation, a portion 
of which contributes aquifer recharge once the water reaches the aquifer sediments. With this 
interpretation, the area contributing recharge to the Seabeck Aquifer System encompasses 
approximately 20 square miles (12,800 acres). 

Bedrock Aquifer 

The bedrock aquifer fonns a minor ground water source in the Seabeck subarea, serving only a few 
domestic users. It exists as interconnected fracture zones within the mostly basalt bedrock. The 
bedrock aquifer system is only significant in the southern portion of the Seabeck subarea. The small 
number of wells completed in the bedrock generally show limited yields . 
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Seabeck Subarea Hazard Inventory 

Population/Land Use 

The Seabeck subarea, with an estimated 135 persons/square mile (1990 census), has one of the 
lowest population densities in the County. Based upon current county estimates, the anticipated 
population increase is expected to average 1% per year by the year 2014. 

The Seabeck subarea contains approximately 95 percent forested or natural cover. The intent of 
future zoning under the proposed County Comprehensive Plan (1994) is to keep this area in rural 
and forested land uses. At a building rate of 1 percent, development of the area with an average one 
unit per 2.5-acre density would result in an additional4 percent of the surface area being affected 
by parcel development by the year 2014. 

Contaminant Source Inventory 

An inventory of known and potential contaminant sources for the Seabeck subarea was conducted 
utilizing existing Department of Ecology databases and by conducting a "windshield" survey of the 
area. The Ecology databases list both known and potential sources of hazardous material and 
contain records for operational and leaking underground storage tanks, hazardous waste generators, 
and confirmed or suspected contaminated sites. A comprehensive description of the inventory 
process is included in the Hazard Inventory Section. 

• 

The database search found no known or potential direct threats to the aquifer. A single, potential • 
indirect threat was identified: the operational underground tanks at a gas station in Camp Union. It 
is located outside the direct recharge area of the aquifer system, just southeast of William Symington 
Lake. The "windshield" survey confirmed that there are few current threats to the aquifer. There 
are no industrial sites upgradient of the aquifer area, higher density development is limited to the 
area around William Symington Lake, hazardous material usage is limited to the Camp Union gas 
station, and major transportation routes skirt the recharge area. Development along the Hood Canal 
shoreline is located downgradient from the major supply wells and, at this time, does not represent 
a serious threat to the source of supply. 

The inventory of hazards to the Seabeck Aquifer have been classified as follows: 

Known Sources: 

2-4 

Septic Tanks 
Pesticide/Herbicide Application 
Agricultural Practices 
Silvaculture Practices 
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Potential Sources: 

Transportation of Hazardous Material 
Operational Underground Tanks 
Storage of Hazardous Materials 
Disposal of Household Hazardous Materials 

It should be strongly noted that, at the present time, there is no indication that any of the above 
known or potential sources have served to degrade the quality of ground water in the Seabeck 
subarea. 

Seabeck Subarea Hazard Assessment Ranking 

The methodology for prioritizing and ranking contaminant risks in the Seabeck subarea was based 
on the October 1991 EPA guidance document entitled, "Managing Ground Water Contamination 
Sources in Wellhead Protection Areas: A Priority Setting Approach." The guidance methodology 
provided a general framework for risk evaluation. F"mal risk ranking was based upon the confidence 
level of the data and information collected during the hazard inventory. Ranking the apparent risks 
to the aquifer allowed the development of prioritized management plans and ground water protection 
tasks. 

The threat of contamination to the Seabeck Aquifer System, based upon the hazard inventory, were 
classified and ranked using the following categories, listed in order of importance: 

Proximity of the hazard to the recharge area 
Existing or potential threat 
Toxic nature of the contaminant 
Vulnerability of the aquifer 
Site specific characteristics within the aquifer recharge area 

When assessed according to the above risk prioritization factors, the hazards to the Seabeck Aquifer 
System were ranked from highest to lowest risk. It should be stressed that all the hazards are 
considered minor and manageable. These minor hazards are: 

1) Residential Development- Medium and Low Densities1
: The primary threat to the water quality 

of the Seabeck Aquifer System is the planned surface development within the recharge area. 
Residential development has several potential water quality problem sources, including septic tanks 
and drainfields, residential application of herbicides, pesticides and fertilizers, and nitrate 
contamination resulting from "hobby" farming activities. 

1 As of April 1996: Medium density = I du/5 acres, and low density = I du/10 acres • 
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2) Operating Underground Storage Tanks: The threats to the water quality of the Seabeck Aquifer 
System from this source include the gas station in the community of Camp Union and the presence • 
of below-ground residential fuel oil storage tanks. 

3) Small Capacity RCRA Sites: Water quality in the Seabeck Aquifer System is potentially 
threatened by hazardous substances utilized in small or home-based businesses. The Hazard 
Inventory noted several home businesses (vehicle repair shops) and a feed store, adjacent to the gas 
station in Camp Union, which could possess or utilize hazardous materials in the course of doing 
business. 

4) Forest/ Agricultural Practices: Forest and agricultural practices which may present a risk to 
ground water quality are certain tree harvesting operations and the application of herbicides, 
pesticides, and fertilizers. As these practices are generally performed under specific permits, or are 
performed by a licensed operator, the magnitude of the risk is small. However, the level of 
application of these practices within the Seabeck subarea is unknown. 

5) Transportation/Spill Response: Unpredictable but possible sources of contamination are 
accidents occurring during the transport of hazardous materials through the aquifer recharge area. 
The Aquifer Protection Plan has developed a specific action plan for notification and response 
activities in the case of an accidental hazardous material spill. This plan is detailed in the 
Emergency Spill Response sub-section. 

Kitsap County Ground Water Management Plan 

There are two primary avenues for development of plans, policies, and programs to protect the 
integrity of the Seabeck Aquifer System: the Kitsap County Ground Water Management Plan 
(GWMP) and the development of site-specific programs for the Seabeck subarea. 

Kitsap County has been developing a Ground Water Management Plan over the last several years. 
This on-going work has involved thousands of hours of effort and has included substantial citizen 
input The draft Plan contains many issue papers written to guide the development of management 
options for the county. It has evaluated the risks of general contamination of the ground water in 
the County and has made recommendations for controlling potential contamination-producing 
activities. Although the GWMP has not been concluded, the chances for the overall success of the 
Seabeck Aquifer Protection Plan will be greatly enhanced through the adoption of the GWMP. The 
development of the site-specific plan for the Seabeck subarea, detailed below, is predicated upon the 
eventual approval of the GWMP. 

2-6 Seabeck Aquifer Protection Plan 

• 

• 



• Seabeck Aquifer Protection Plan 

• 

• 

The following plan was designed to balance the protection of the existing ground water quality and 
quantity of the Seabeck Aquifer System with the future development of the land surface. The plan 
is based upon the following tenets: 

1) The hydrology of the Seabeck subarea should be systematically monitored to identify 
potential changes in water quality or quantity parameters. 

2) Land use activities which may bring significant quantities of potential contaminants 
into the recharge area should be closely monitored and controlled. 

3) A comprehensive recharge enhancement program should be implemented to allow 
for better management of the overall ground water resources of the Seabeck Aquifer 
System. 

4) Public education programs should be developed to inform the general public and 
appropriate governmental agencies on the presence of the aquifer and to solicit their 
participation in the protection program. 

The following proposal describes the development and implementation methods recommended for 
the Seabeck Aquifer Protection Plan . 

I) Recognition of the Seabeck Aquifer System as a Critical Recharge Area. 

The KPUD could propose to Kitsap County that the Seabeck Aquifer System Recharge Area 
be formally designated as a Critical Recharge Area (CRA) under the proposed GWMP 
Critical Area Ordinance (CAO) guidelines. This identification would serve to classify the 
area for specific controls under the Growth Management Act and County Comprehensive 
Plan to preclude land uses involving hazardous materials in sufficient quantities to pose an 
unacceptable threat to the aquifer or other practices (e.g., deep quarries, landfills) which 
increase the vulnerability of the aquifer to contamination. 

2) KPUD Hydrogeologic Site Assessment and Evaluation 

As one of the requirements associated with the designation of the Seabeck Aquifer System 
Recharge Area under the CAO, appropriate county agencies could require KPUD and other 
purveyors with major wells in the aquifer to comment on any permit application which 
involves regulated hazardous materials within the CRA. At this time, the two agencies 
which regulate the use of hazardous substances are the Kitsap County Department of 
Community Development (KDCD) and the Bremerton-Kitsap County Public Health 
Department (BKCHD) . 
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For land use proposals which involve the introduction of significant quantities of hazardous 
substances into the designated recharge area, the County could require the submittal of a • 
Hydrogeologic Site Assessment (HSA). The HSA should evaluate the risks to the aquifer 
that may occur as a result of the proposed land use. The HSA should be submitted to the 
KPUD, which will coordinate comment by affected Group A water purveyors on the 
advisability of prohibiting the proposed activity or the need for conditioned use within the 
CRA. At a minimum, the HSA should include: 

Soil and ground water analyses 
Full description of proposed use 
An inventory of hazardous materials to be utilized 
An identification of the maximum quantity of each material allowed on the site 
Listing of contaminant handling facilities and procedures 
Spill response plan 
Descriptions of employee training 
Proposed mitigation 

At this time, there are six categories of permits for which the KPUD should seek review authority 
and comment. These are: 

Permit 

Conditional Use Permit 
Determination of Non-Significance 
Solid Waste Siting 
Home Business 
Community Septic System2 

County Zoning Change 

Regulatory 
Agency 

KDCD 
KDCD 
BKCHD 
KDCD 
BKCHD 
KDCD 

3) Seabeck Aquifer Recharge Management and Enhancement Evaluation 

The KPUD recognizes that maintenance and enhancement of the quantity of recharge to the 
Seabeck Aquifer System is an integral component of the comprehensive protection plan. At 
the present time, the quantity of ground water in the aquifer system has been estimated using 
available water level, stream flow, and climatic data. These estimates demonstrate an 
apparent surplus of water in excess of the present production capabilities of the wells in the 
aquifer. 

2 KPUD and BKCHD are working out program clement& for Large On-site Septic System Management. This program docs not 
include single family septic systems which arc currently the responsibility of BKCHD. Single family septic systems, under current zoning, are 
not considered a threat to ground water. By the year 2000, BKCHD wiU require all on-site systems to have established maintenance and 
monitoring programs. 
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4) 

5) 

Because quantity aspects of the Seabeck Aquifer System must be an integral part of the 
ground water management program, it is recommended that the KPUD identify recharge 
management and enhancement practices for the aquifer system. This effort could be initiated 
following the adoption of the Kitsap County Ground Water Management Plan, which 
addresses ground water recharge management on a county-wide basis. Aspects of land use 
which impact ground water recharge and should be addressed include residential housing, 
logging, road building, construction of impervious surfaces, storm water diversion, alteration 
of fisheries habitat, and modification of wetlands. Subsequent recharge studies should 
incorporate technical input from Kitsap County Department of Community Development, 
Washington Department of Fisheries, Washington Department of Natural Resources, 
Washington Department of Ecology, Tribal Fisheries, and Kitsap Department of Public 
Works. 

Emergency Spill Response 

KPUD could coordinate the Aquifer Protection Plan with the agencies responsible for 
hazardous material spill-response in the County. These agencies are the Kitsap County Fire 
Districts, the Kitsap County Sheriff, and the Washington State Patrol. The location and 
reasons for the CRA should be explained to these agencies and an agreement reached with 
them to assure that appropriate aquifer protection measures are included for spills within the 
CRA. At a minimum, this arrangement should include the immediate notification of KPUD 
in case of an accidental spill and an agreement with the response team to contain, rather than 
dilute and disperse, the contaminant 

Public Education 

The most effective long-term protection of the Seabeck Aquifer System will result from the 
education of the local residents, landowners, and regulatory agencies on the ramifications 
of land use practices. Prior to and following adoption of the plan, open forums should be 
held to educate and receive comments from the general public. After adoption, people living 
in the area should be informed of the requirements developed under the Seabeck Aquifer 
Protection Plan. Direct contact with timber companies and other agricultural land owners 
should be periodically accomplished to reinforce the use of Best Management Practices, 
particularly for the application of herbicides, pesticides, and fertilizers. 

The KPUD could develop "Critical Aquifer Recharge Area" signs and post them along roads 
throughout the CRA to alert people of the need to protect the area and remind the local 
residents of the protection plan. Finally, KPUD could actively support and advertise the 
Small Quantity Hazardous Waste Disposal Program sponsored by Kitsap County. They 
could notify CRA residents of this program and assure that disposal locations are convenient 
to the area residents . 
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PUBLIC UTI LilY DISTRICT #I OF KITSAP COUNIY 
SEABECK AQUIFER PROTECTION PLAN 

IMPLEMENTATION TASKS 

In order to accomplish the protection of the aquifer area in an orderly and cost-effective manner, the 
KPUD could adopt the implementation tasks listed below. To achieve the maximum effectiveness 
in the Aquifer Protection Plan (APP), a cooperative effort should be established and/or continued 
between the District, state and local agencies which regulate potentially harmful activities within the 
area, and other purveyors who have designated protection areas in Kitsap County. The tasks have 
been ordered in their possible implementation priority. The costs for the implementation of each of 
these tasks are variable depending upon the level of effort deemed appropriate by KPUD and the 
Implementation Steering Committee (discussed below). 

Task l: Create and operate an Aquifer Protection Plan Implementation Steering Committee. This 
committee would strive to focus the applicable state and local programs to the Aquifer Protection 
Area (APA), review management strategies, incorporate new data, evaluate new requirements, 
oversee educational programs, and evaluate new approaches to aquifer protection. The 
Implementation Steering Committee (ISC) could also seek to coordinate environmental education 
projects with appropriate County agencies to help focus efforts on the APA. 

This ISC could meet, at a minimum, on a quarterly basis initally following Plan implementation and 
establish an appropriate, subsequent meeting schedule. The group would be responsible for the 
oversight of activities within the APA. It should seek to focus public awareness on the protection 
area and solicit county and state funding for ground water protection-oriented studies and activities. 
The ISC should include representatives of KPUD, Silverdale Water District, Bremerton-Kitsap 
County Health Department, Kitsap County Planning Department, Washington Department of 
Ecology, Tribal governments, Upper Hood Canal Watershed Management Committee and local 
interest groups. 

Task 2: Establish formal communication with first responders. The initial function of this task is 
to update and inform local emergency response organizations on the AP A location. Emergency spill 
response should include notification of the local water purveyors for any spill response within the 
protection area. First response communication should, at a minimum, be established with local fire 
departments, the county sheriff, and the Washington State Patrol. 

Task 3: Communicate the extent of the Aquifer Protection Area to County Planning. Kitsap County 
Department of Community Development could consider the APA in their designations of critical 
area regulations, susceptibility mapping, and development permitting. Additionally, the existence 
and extent of the APA should be communicated to local industriaVcommercial site owners . 

Implementation Tasks 3-1 



Task 4: Consider seeking designation of the Aquifer Protection Area as a "special protection area". 
There are numerous special designations the District may wish to seek to protect the AP A. The ISC • 
could evaluate the protection offered by these various designations and seek the most appropriate 
protection designations for the APA. If the County Critical Areas Ordinance permits designating 
the area as a Critical Recharge Area, that designation should be pursued. 

Task 5: If designated as a Critical Recharge Area. locate "Critical Aquifer Recharge Area" signs at 
the Aquifer Protection Area boundazy along transportation corridors. KPUD should design "Critical 
Aquifer Recharge Area" signs and locate them throughout the APA, especially at the boundaries of 
the area. 

Task 6: Assure that the hydrogeologic impacts ofland use within the Aquifer Protection Area are 
adequately evaluated during the Washington State Environmental Policy Act CSEPA) process. The 
District could request Kitsap County Department of Community Development and Bremerton-Kitsap 
County Health Department to require a hydrogeologic evaluation for any proposed land use which 
presents a significant threat within the APA. Additionally, the District should agree upon a 
Memorandum of Understanding with these agencies requiring KPUD and other affected Group A 
water system purveyors to comment on the effects such land use will have on the ground water 
system. Designation of the area as a Critical Aquifer Recharge Area will be the first step toward 
gaining such an agreement. 

Task 7: Conduct and periodically evaluate ground water monitoring according to the Aquifer 
Protection Plan ground water monitoring plan. The water quality monitoring plan should 
concentrate upon analyses of chloride, nitrate, pesticides, herbicides, and volatile organic 
compounds. Additionally, the ISC could establish early warning values for each of these parameters 
that will allow for timely action in the event of increasing concentrations. The ISC could also 
participate in developing and managing a regional ground water data program to assure that an 
adequate regional database is developed. 

Task 8: Encourage requirement of new septic system as-builts to be recorded in a Geographic 
Information System database. The District could request Kitsap County to require as-built data from 
the septic design professional for septic systems be recorded in a GIS database for new systems 
within the APA. Additionally, the District should support the implementation of laws and 
regulations requiring the proper inspection and maintenance of septic systems. 

Task 9: Work with responsible parties to assess adequacy of storm water systems. This task 
includes evaluation of the adequacy of the existing storm water detention facilities, establishing joint 
priority of storm water upgrades, and seeking maximum infiltration of storm water. KPUD may also 
wish to consider promoting research on the impacts of storm water discharge from residential areas 
and promote the evaluation of possible storm water detention, retention, and routing toward areas 
where storm water may be infiltrated into the ground water system. Additionally, KPUD should 
encourage the periodic water quality monitoring of surface water within the APA by the County . 

3-2 Implementation Tasks 
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Task 10: Promote and coordinate public education programs. KPUD should promote and 
coordinate educational programs, initially concentrating on the following areas to the following 
audiences: 

- household, hazardous material use, storage, and disposal - all local residents 
- the impact of septic systems on the Aquifer Protection Area - all local residents 
- proper septic tank maintenance and hazardous waste disposal - all local residents 
- the potential hazards of underground tanks - exempt underground tank owners 
- methods of leak detection for underground tanks - exempt underground tank owners 
- closure procedures for underground tanks - owners of exempt underground tanks 
- ground water recharge enhancement - public agencies and all local residents 

Task 11: Inventory forest ownership and management practices. KPUD could inventory forest 
ownership throughout the APA and evaluate management practices used on those lands. The 
practices evaluated could include the extent and time of harvesting, the type of harvesting used, 
reforestation schedules, and uses of herbicides and pesticides. 

Task 12: Encourage development and use of Best Management Practices. Owners of large land 
parcels, such as large residential developments, schools, golf courses, parks, mining operations, and 
forest areas, could be encouraged to develop and use best management practices. The KPUD could 
also request that County, State, and private landowners utilize special vegetation management 
practices designed to protect water quality. 

Task 13: Survey pesticide and herbicide use: work with the Washington State University 
Cooperative Extension Office and Kitsap County using available data to modify future ground water 
monitoring and APP-related education programs. Data collected through the APP should be used 
to guide which water quality analyses are to be performed for the monitoring network samples. This 
data can also be used in the education of the public on the handling and disposal of hazardous 
materials. 

Task 14: Support Kitsap County well drilling inspection authority. KPUD should support the well 
construction inspection authority of Kitsap County. This regulatory body should provide better 
inspection of wells drilled within the APA than can be accomplished solely by Ecology. 

Task 15: Review annual Suoerfunds Amendment and Reauthorization Act Title ill reports. Review 
of these reports could be conducted by the ISC and be designed to document and inventory 
chemicals used in the APA. This review can be used to guide future ground water monitoring and 
APP-related education progrl)ms. 

Task 16: Inventory abandoned or unused wells in the Aquifer Protection Area. The KPUD could 
attempt to locate and inventory decommissioned, abandoned, and unused wells. Owners of these 
wells should be notified of the potential liability such wells cause and be educated on proper well 
abandonment procedures . 

Implementation Tasks 3-3 



Task I 7: Develop data on the number and size of exempt underground tanks within the aquifer 
recharge area. To help with this task, the ISC may wish to incorporate the assistance of local fuel • 
oil distribution firms in the distribution of literature and data on the proper servicing of existing tanks 
and the proper abandonment of unused tanks. Additionally, these firms, as transporters of fuel oil 
within the APA, should be educated concerning proper emergency response to accidental spills . 

3-4 Implementation Tasks 
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HYDROGEOLOGIC CHARACTERIZATION 
OF THE SEABECK AQUIFER SYSTEM FOR 

PUD #1 OF KITSAP COUNTY 

June, 1995 

INTRODUCTION 

Test well drilling in the area near Seabeck has demonstrated the existence of a laterally 
extensive and relatively thick aquifer. The aquifer, which has been designated the Seabeck Aquifer 
System (Figure 1), is encountered from approximately 100 feet above to 250 below sea level and 
has areal extent of approximately 20 square miles. Kitsap County Public Utility District # 1 currently 
has three test wells and one production well completed in the Seabeck Aquifer. Protection of the 
quality and the quantity of the ground water in the aquifer is a primary concern of the KPUD. As 
part of the commitment from the KPUD to the management of the Seabeck Aquifer, a Seabeck 
Aquifer Protection Planning Program was initiated. The planning effort is being funded in part 
through a grant from the Centennial Clean Water Fund (Grant Agreement No. G9300318). The 
aquifer protection plan's principal goals are to identifY and evaluate the recharge area; evaluate the 
potential for impacts on the quantity and quality of water in the aquifer as a result of surface 
development and other human activity; and develop methods and protocols to effectively monitor, 
manage, and protect the surface and ground water systems related to the aquifer. Toward that end, 
this hydrogeologic study was commissioned. Although some aspects of other pertinent 
hydrogeologic features in the area have been addressed, the primary focus of this evaluation is the 
Seabeck Aquifer. This report essentially concentrates on the hydrogeology of the Seabeck Aquifer 
and is intended to be integrated into the overall Aquifer Protection Plan as the other components of 
that plan become available. 

This report documents a hydrogeologic evaluation of the Seabeck Aquifer System based on 
existing data. The report includes discussion of the definition, geologic framework, and 
hydrogeologic parameters of the Seabeck Aquifer. In addition, analytical computer modeling 
techniques were applied to provide insights into the water budget of the aquifer system. Using the 
computer-based, analytical model, which is based on average aquifer-wide parameter values, effects 
of the proposed withdrawal from KPUD's Seabeck Aquifer wells have been investigated. The report 
provides an overview of the aquifer system as currently understood and makes recommendations 
for further data collection and resource investigation to enhance resource management in the future . 

Robinson & Noble. Inc. 
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PREVIOUS WORK 

Studies pertaining to the Seabeck area include several regional or subregional ground water 
studies ofKitsap County. The study of the geology and ground water resources ofKitsap County 
performed by Sceva (1957) collected and interpreted basic data in the area up to that date. The 
report included information on wells in the county, as well as geologic maps and cross-sections. 
Water resources and geology of the Kitsap Peninsula and certain adjacent islands (Water Supply 
Bulletin No. 18) by Garling and others (1965) included a county-wide analysis of all aspects of the 
water resources. This assessment included an evaluation of previous work, a compilation of existing 
precipitation, stream flow, and surface water data, and geologic and hydrologic mapping. A Masters 
thesis by Deeter (1979) described in detail the glacial stratigraphy and surface geology ofKitsap 
County including all of the current study area. A cursory summary of ground water availability on 
Kitsap County was accomplished by Hansen and Boike (1980) as part of the county impact 
definition associated with the building of the Naval Facility at Bangor immediately north of our 
study area. 

• 

Numerous hydrogeologic studies pertinent to the Seabeck Aquifer have been conducted by 
consultants. The first of these was accomplished in 1980 when Robinson & Noble supervised the 
drilling and testing of two test wells and one production well for the University of Washington at 
the Big Beef Creek Fisheries Research Center. Four aquifers were discovered in the course of that 
project which were designated simply Aquifers A, B, C, and D. Aquifer C, located 225 to 265 feet 
below MSL, was shown to have characteristics that make it one of the best aquifer zones ever 
identified on the Kitsap peninsula. Production Weill, completed in Aquifer C, was tested at 2,000 • 
gpm for 72.5 hours. The aquifer as it exists beneath the Fisheries Center has an implied 
transmissivity of 165,000 gpd/ft. The work at this site brought a focus to all subsequent work in the 
western Kitsap area, and the combined aquifer system of Aquifers A, B and C was eventually named 
the Seabeck Aquifer System after it was found to be laterally extensive. 

As part of Grant No. 1 portion of the Kitsap County Ground Water Management Plan 
(GWMP), which was completed in 1991, 27 principal aquifer systems in Kitsap County were 
identified. The "Big Beef Aquifer system" was the only significant aquifer identified in the West 
Kitsap Subarea. At that time, the aquifer definition was based solely upon information available 
from the University of Washington Fisheries Facility wells on Big Beef Creek. As defined in the 
GWMP, the Big Beef Aquifer system was located 100 to 250 feet below sea level, within the "Qg4" 
unit which is a hydrostratographic layer defined in the course of that study. At the time of the report, 
the lateral extent of the Big Beef Aquifer was unknown but was suspected to extend a greater 
distance to the south and west. Further test drilling in the area was recommended to further describe 
the stratigraphic and hydrologic conditions which define the aquifer system. 

To better define the lateral extent of the previously identified Big Beef Aquifer, a test drilling 
project was implemented in October, 1990. The program began with the drilling of Seabeck Well 
1 (25N/1W-21N, AAA235). Weill is located approximately one mile southeast of the previously 
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assumed boundary of the Big Beef Aquifer. The intention of the drilling plan was to determine if 
the permeable materials of the Big Beef Aquifer (Aquifer C) extended to that point, and to determine 
if any other water bearing zones existed at the location. Well 1 was drilled to a total depth of 649 
feet (320 feet below mean sea level). A deep zone from 591 to 604 feet (262 to 275 feet below MSL) 
was tested and found to have no substantial production potential. It was concluded that the explicit 
sediments of the Big Beef Aquifer (Aquifer C) did not extend to the Well I site. However, a 
shallower water bearing zone, at 429 to 450 feet (100 to 120 feet below MSL), was encountered and 
tested. Testing, which was performed at 325 gpm, indicated a potentially productive aquifer. This 
zone was named the Seabeck Aquifer and correlated to "Aquifer B" of the Big Beef Fisheries study. 

Seabeck Well2 (25N/IW-22E, AAC799), located approximately 5,600 feet northeast ofWell 
I, was drilled to 500 feet (231 feet below MSL). This well did not encounter the Big Beef Aquifer, 
either. As in Well 1, Well 2 was completed in an aquifer above the elevation of the Big Beef 
Aquifer. Well2 is completed in a productive water-bearing zone located 50 to 80 feet below MSL. 
This aquifer has been correlated to "Aquifer A" at the Big Beef facility. The well was tested at rates 
up to 910 gpm, with some indication that the well may be capable of producing up to 1500 gpm. 

Seabeck Well3 (25N/IW-28F, AAA980), located approximately 2,000 feet south ofWell 
I, was drilled with the intention of converting it into a production well. Well 3 is completed in an 
aquifer believed to be equivalent to the Big Beef Aquifer B, similar to Well 1. The well was drilled 
to a total depth of 630 feet (190 feet below MSL) and completed between 510 and 617 feet below 
ground (70 to 177 feet below MSL ). The well was tested and rated at 600 gpm . 

After the drilling and testing of Seabeck Wells l, 2 and 3, the interpretation of the 
information led to the grouping of the Big Beef Aquifers A, B, and C as the Seabeck Aquifer 
System. Hereafter, the water bearing zones from approximately I 00 feet above to 250 feet below 
sea level are considered hydraulically interconnected and will be referred to as the Seabeck Aquifer 
System. An interim report for the Seabeck Aquifer Protection Study written by Kaminsky (1994) 
(Appendix A) gave a preliminary overview of the Seabeck Aquifer System. 

From June 1 to August 1, 1994, a 60-day constant-rate pumping test was conducted on 
KPUD's Seabeck Well3. The testing provided valuable information on the Seabeck Aquifer System 
(see Appendix B). The testing allowed an excellent opportunity to take close-order, accurate 
measurements over a large area and time span. Results of the test showed: 

+ 

+ 

An aquifer-wide decline in water levels was documented. This decline was apparently a 
seasonal fluctuation and occurred at a rate of approximately 0.6 feet in 60 days. 
Pumping of Well 3 at an average rate of 584 gpm for 60 days induced drawdown 
interference in addition to the seasonal decline in all of the wells monitored . 
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Drawdown and recovery data showed that the Seabeck Aquifer System can maintain a 
production level of 600 gpm from Well 3 for an extended period with no apparent residual 
affect on the system's water levels. The recovery trend shows that interference observed 
during the test was a function of classic well hydraulics, and that the aquifer water levels 
returned to the expected non-stress levels. 
Water chemistry was stable and of excellent quality throughout the pumping period . 
There was no evidence of saltwater intrusion. 

Based on the results of this testing, a conservative aquifer production rate of approximately 
1,400 gpm was estimated. A rate of 1,000 gpm was suggested as the initial amount to be used for 
planning purposes for KPUD's Seabeck wells in order to maintain a yet more conservative 
production rate until longer-term responses could be observed. 

In December, 1994, Seabeck Well 4 was drilled to 650 feet and completed from 
approximately 100 to 126 feet below MSL. The well was tested at a rate of 200 gpm with 
approximately 33 feet of drawdown. The completion elevation, types of materials encountered 
during the drilling, and the testing data all indicate that Well 4 is completed within the Seabeck 
Aquifer System (Sebren, 1995). 

In summary, many ground water studies outside the analysis performed for this project have 
been conducted in the Seabeck area. Current understanding is that the water bearing zones from 
approximately 100 feet above to 250 feet below sea level are all hydraulically interconnected on a 

• 

regional scale. The various names assigned to the water bearing zones (Aquifers A, B, and C, Big • 
Beef Aquifer system, Seabeck Aquifer) have all been grouped as the Seabeck Aquifer System. 

DATABASE 

As part of the Kit sap County Ground Water Plan ( 1991 ), a data base consisting of 
information regarding well construction, geologic logs, water levels, owner and water rights, was 
developed for the entire county. The information in the database was acquired from several sources. 
Well construction and water level data for approximately 2,900 wells were transferred from the 
USGS WATSTOR computer system. Data from approximately 350 wells were upgraded and 
information for approximately 450 new wells was added. These 800 "high quality" data points were 
compiled from Robinson & Noble's files, various reports by other consultants, files maintained by 
the Kitsap County Environmental Health Department, Nicholson Well Drilling, and USGS 
publications and unpublished data. Since the completion of the initial GWMP data base effort, 
KPUD has been adding field-verified wells to the database and have tagged these wells with a 
unique well identification number. The field verification and tagging of wells by KPUD personnel 
includes a GPS (Global Positioning Satellite) reading to establish Latitud~ongitude and an 
altimeter reading of the well's elevation relative to mean sea level. 
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As part of this project, that portion of the KPUD database pertinent to the area of the Seabeck 
Aquifer was examined and cross-checked to verity the accuracy of the information. At this time, 
the KPUD database contains information on 325 wells in the 33 sections initially included in the 
study. The information in the database was cross-checked with DOE well logs, KPUD field notes, 
and consultant reports. 

PHYSICAL SETIING 

TOPOGRAPHY 

Topography of the Subarea reflects typical erosional and depositional effects of glaciated 
terrains such as elongated hills and valleys. Some features are unique to the area. For instance, the 
tops of the hills in the Seabeck area are of higher elevation, mostly over 500 feet, than in the north 
and east parts of the county. These hills are cut by deep, steep-walled stream valleys that stretch 
several miles inland from the shoreline. The valley of Big Beef Creek is easily the deepest and 
longest valley in the county. The southern part of the study area also includes the steep, basalt 
bedrock hills which form the north flanks of Green and Gold Mountains. Here elevations reach up 
to 1,291 feet, with the top of Green Mountain, south of the study area, reaching 1,639 feet. 

RAINFALL 

Based on the isohyetal map in Garling and others (1965), the precipitation over the area that 
contributes to the Seabeck Aquifer varies from 4 7 to 70 inches ( 1946-1960 average}, a large 
variation for such a small area. An isohyetal map of the distribution of precipitation over Kitsap 
County is also presented in the GWMP report (Exhibit II-15) using regional precipitation data. This 
map was used for the analyses of the Seabeck Subarea. The precipitation rates for the GWMP map 
are higher than indicated by the isohyetal map of Garling and others (1965) based on rates during 
1946 to 1960. 

Precipitation in the Seabeck area is controlled by the rain shadow of the Olympic Mountains 
and generally decreases to the north and east. The majority of the annual precipitation in the area 
falls during the months of October through April. The highest precipitation occurs along the 
northern flanks of Green Mountain, in response to the orographic effects of those higher elevations. 
Precipitation data has been recorded at several stations in and in proximity to the recharge area of 
the Seabeck Aquifer (see Table 1}. The station with the longest period of record in the region is the 
NOAA station at Bremerton. This station has had four locations since its inception in 1899, the two 
most recent of these being pertinent to the purpose of this investigation. The station was moved on 
April 17, 1952, from the Bremerton Ship Yard to its present location near the Highway 16- Kitsap 
Way Exit . 
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From January, 1958 to October, 1991, a station located near Scenic Beach was monitored • 
by a local resident, Frank Munroe. Another station with significant data is located near Silverdale 
and monitored by Henry Aus, the District Engineer for Silverdale Water District, from November, 
1989, to present. The annual precipitation from these three stations are shown on Figure 2. In 
addition to these, three relatively new stations are located within the area significant to the Seabeck 
Aquifer: Scenic Beach, Apex Airport and Lake Symington. In total, there are 6 stations currently 
being monitored in and near the Seabeck Aquifer capture zone. Basic information for these 6 active 
stations, as well as for the inactive Munroe station are listed below in Table 1. 

Table 1. Current and historical precipitation stations in the Seabeck area. 

2 

3 

4 

Average 
Period of annual 

Station name Location record rainfall Responsible party 

NOAA T24N/1E- 1952- 51.461 Bremerton Fire 
Bremerton 16K Station 

Henry Aus 25N/1E-5G Nov. 1989- 42.322 Henry Aus 

Lake 24N/1W-4G Oct. 1990- 54.493 City of Bremerton 
Symington 

Scenic Beach 25N/1W- Apr. 1994- --
19H 

Apex Airport 25N/1 E-15E Aug. 1994- -- USGS 

Jim Crouch- 25N/1 E-11 F Jun. 1994- -- Jim Crouch 
Silverdale 

Frank Munroe- 25N/1W-19B 1958-0ct. 59.934 Frank Munroe 
Scenic Beach 1991 

1953 through 1994 (42 years) average at the current location. 
1990 through 1994 (5 years) average. 
1991, 1992 and 1994 (3 years) average. 
1958 through 1990 (33 years) average 
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SURFACE WATER FEATURES 

Lakes 

Natural ponds and marshes ofless than 5 acres occur in the Seabeck area along the shoreline 
and in the upper reaches of Big Beef Creek. A majority of these are interconnected, at least 
seasonally, with flowing reaches of Big Beef Creek. Only a few named lakes are found in the area. 
The largest lake in the subarea is William Symington Lake, an artificial impoundment ofBig Beef 
Creek created for recreational purposes. William Symington Lake covers a surface area of 
approximately 60 acres. A small pond of2.3 acres, named Sprague Pond, is located on the glaciated 
upland in 25/1W-33N (Wolcott, 1961). Several small, unnamed open water features are indicated 
on the USGS topographic maps for the area. In addition to open water features, there are several 
marshes in the area. Major among these are Big BeefPonds at the headwaters of Big Beef Creek. 

Streams 

Garling and others (1965) sequentially numbered the streams on Kitsap Peninsula. Ten of 
these designated streams and ephemeral creeks flow within the expected catchment which recharges 

· the Seabeck Aquifer System. The five major surface water drainage basins are, from west to east: 
Seabeck Creek (#117), Little Beef Creek (#120), Big Beef Creek (#121), Johnson Creek (#123), and 
Anderson Creek (#124). Minor streams numbered 115, 116, 118, 119 and 122 (Spring Creek) are 
ephemeral streams with limited drainage basins ofless than 0.1 square miles. The streams and their 
basins are shown on Figure 3. 

Seabeck Creek ( # 117) drains an area of 5.2 square miles along the western margin of the 
study area. The basin is a long feature reaching south more than 3 miles. It drains the lowland 
shoulder on the west flank of Green Mountain and flows into Seabeck Bay which, in consort with 
Misery Point, forms the most dominant feature of the coastline within the study area. 

Little Beef Creek (#120) is a single-channel, short drainage feature which has only 0.78 
square miles of catchment. It parallels the lowest reach of Big Beef Creek about one half mile to 
the west. Little Beef Creek has a recorded low flow of 0. 5 cfs. 

Big Beef Creek (#121) is the largest of the surface water feature within the study area. It 
occupies a drainage area of 14.1 square miles and drains an estimated 28,400 acre feet of water per 
year from that area. The drainage basin is a long and narrow feature which drains northward from 
its headwaters on the western flank of Green Mountain to its mouth at Big Beef Harbor where it 
flows into Hood Canal. The stream falls a total of 480 feet over a total distance of approximately 
9 miles. Below William Symington Lake the creek falls 3 80 feet in 5 miles. At the headwaters, Big 
Beef Creek is a series of interconnected marshes and ponds . 
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Johnson Creek (#123) drains a 0.81 square mile area along Hood Canal and is essentially a • 
single channel feature which reaches about one mile inland. No flow information is available for 
Johnson Creek except for the spot measurement of0.05 cfs on August 27, 1947. Johnson Creek is 
ephemeral with periods of no flow. 

Anderson Creek (#124) occupies a small, nearly circular drainage basin of 4.9 square miles 
in the lowland portion of the northeast study area It exhibits a more dendritic pattern of drainage 
than the other four drainages discussed. Other than the low flow of2.07 cfs on September 18, 1947 
listed in Garling and others (1965), only miscellaneous measurements at different points of the 
stream have been recorded. These have been accomplished as part of habitat monitoring in the area1. 

Documented stream flow data for the streams numbered 115, 116, 118, 119, and 122 (Spring 
Creek) is limited to measurements on August 3, 1961, from Garling, and others (1965). The 
existence of these streams within such limited catchment basins indicate that they are spring-fed. 
Low flow measurements demonstrate that the base-flow of these streams are augmented by capture 
of ground water from outside their minuscule basins (Garling and others, 1965). 

The estimated catchment areas and lowest recorded flow for all the streams as taken from 
Garling (1965) are presented in Table 2. 

Personal communication from Roger Tabor, WDFW to Joel Purdy, R&N, 1995 . 
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Table 2. Spot measurements of low flow given in Garling and others ( 1965) for the ten streams within 
the Seabeck area. 

Drainage Stream flow Date of measurement 
Stream area (cfsl 
(Garling designation) (mi'l 

#115 0.1 Dry August 3, 1961 

#116 0.04 0.07 August 3, 1961 

Seabeck Creek (#1 17) 5.2 0.27 August 1 9, 1 958 

#118 0.02 0.01 August 3, 1961 

#119 0.04 0.03 August 3, 1961 

Little Beef Creek (#1 20) 0.78 0.5 August 3, 1961 

Big Beef Creek (#121 I 14.1 3.91 August 20, 1 958 

Spring Creek (#1 221 0.07 0.5 August 3, 1961 

Johnson Creek (#1 23) 0.81 0.05 August 27, 1947 

Anderson Creek (#124) 4.89 2.07 September 18, 194 7 

Of the five major creeks discussed above, only Big Beef Creek has continuous instream flow 
records. Since 1969, the US Geologic Survey has had an active gaging station (#12069550) on Big 
Beef Creek located in 25N/IE-22K. Since 1982, the station has been recording daily discharge from 
June through October only. Figure 4 shows the annual discharge of Big Beef Creek at the station 
and precipitation at the Scenic Beach (F. Munroe Station) over the time period of 1969 through 1980 
when the stream gage station was monitored year-round. During this time period, the average 
annual flow was 38.7 cfs (27,965 af7yr). During the entire period of record from October, 1969 to 
September, 1994, the maximum recorded flow was 658 cfs on January 16, 1974, and the minimum 
flow was 2.2 cfs on August 13, 1990. 

Besides Big Beef Creek, no other long-term stream flow record exists for the streams in the 
study area. Miscellaneous stream flow data have been collected as part of ambient habitat 
monitoring being conducted in the area by Washington Department ofFish and Wildlife2 and by the 
Northwest Indian Fisheries Council (Lestelle and others, 1993). This information consists of spot 
flow measurements at various times of the year as part of stream habitat investigations. Although 
they provide some insight, these records are not generated on a consistent basis and are, therefore, 
inadequate to characterize the historical, annual and seasonal flow patterns of these streams. A 

2 Personal communication from Roger Tabor, WDFW to Joel Purdy, R&N, 1995 . 
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station has been established by KPUD on Stavis Creek to the southwest. However, the length of • 
record is insufficient for meaningful interpretation. Further, the gage station has recently been 
washed out and will have to be reestablished. Effort has been made to establish a gaging station on 
Seabeck Creek. So far, definition of and access to an adequate site has not been attained. 

HYDROGEOLOGY 

GEOLOGIC SETIING 

Stratigraphy 

The Seabeck study area lies within the Puget Sound Lowland as part of a large glacial drift 
plain formed by multiple glaciations over the area. This history of glacial erosion and deposition 
separated by long periods of non-glacial erosion and deposition has created a complex mixture of 
highly variable unconsolidated sediments. The depositional and erosional dynamics are magnified 
in the Seabeck area by the presence of the massive bedrock feature of Green and Gold Mountain. 
This has increased the complexity of the sedimentary record. This complex geology has been 
mapped in the study area by several investigators (Sceva, 1957; Molenaar in Garling, and others 
1965; Deeter, 1979). A schematic cross-section of the subsurface geology as interpreted for this 
study is presented as Figure 5. 

Tertiary volcanic deposits (Tv) crop out in the southern part of the study area. The • 
consolidated volcanics, mostly basalt, form the practical lower limit to the ground water systems of 
the study area. Though the fractures of the rock can produce water sufficient for minor domestic 
use, it is not a significant component of the regional ground water resource. Undifferentiated, older 
(pre-Double Bluff), non-glacial and glacial deposits (Qu) overlie the bedrock within the study area. 
These units are found exclusively below sea level. Because of a lack of data, these older deposits 
could not be correlated with the regional stratigraphy. Overlying the older deposits is a glacial unit 
referred to as the Double BluffDrift (Qdb). This unit is encountered in the study area from sea level 
to as much as 200 feet below sea level. The Double Bluff ranges from 50 to 200 feet thick and 
consists predominantly of glacial till, and sand and gravel deposits. The permeable sections of the 
Double Bluff have significant water resource potential and comprise the lower zones of the Seabeck 
Aquifer System. Above the Double BluffDrift, the Kitsap Formation (Qk) is generally found; this 
is a non-glacial deposit of compact silt, clay, sand and peat layers. Thickness of the Kitsap 
Formation varies from a few feet to 100 feet. Overlying the Kitsap Formation are deposits from a 
glacial episode, referred to as the Possession Drift (Qps). These glacial deposits of till, and sand and 
grave~ range from 50 to 150 feet in thickness and are generally found between 50 to 300 feet above 
sea level in the central portion of the subarea. There is a discontinuous non-glacial deposit above 
the Possession Drift. This fine-grained deposit is often identified by a distinct thick peat layer and 
has been correlated to the Discovery Formation (Qd) ofNoble (1990). The peat is generally found 

Robinson & Noble, Inc. • 



• 

• 

• 

4-11 

approximately 300 feet above MSL. Overlying the Discovery Formation are the deposits of the 
Vashon Glaciation, the youngest glacial event in the area. 

At the base of the Vashon deposits is the Lawton Clay (Qvl). This thick, fine-grained 
formation of compact clay and silt was deposited in pro-glacial lakes as the glacier advanced south 
and blocked the Strait of Juan De Fuca. Overlying the Lawton Clay are the Vashon advance 
outwash deposits (Qva), predominantly fine to medium sand and gravel with thin silt layers. These 
deposits have been mapped by several investigators in the valley walls of Big Beef, Anderson and 
Seabeck Creeks. These deposits have been given different names through the years (Puyallup Sand 
by Sceva; Vashon advance and Colvos Sand by Molenaar; and Esperance Sand late phase and early 
phase by Deeter). The evidence from inland well logs suggests that the Vashon advance unit(s) 
previously mapped in the creek valleys is not as thick as expected or, in some cases, is absent as one 
gets further away from the valleys. 

The tops of the hills in the subarea are mapped as mostly Vashon Till (Qvt), a compact, 
poorly sorted mixture of clay, silt, sand and gravel. This formation was deposited directly by the 
thick ice sheet which occupied the area during the Vashon glaciation. Glacial striations found at the 
top of Green Mountain indicate that the glacier overrode that feature which has an elevation 1,639 
feet. In some portions of the Seabeck area Vashon recessional deposits (Qvr) of well-sorted, 
medium to coarse sand were deposited on top of the till as the ice sheet receded. The nomenclature 
of regional stratigraphy as used in this report is given below: 

Stratigraphic unit 
Vashon Drift-- Recessional Outwash 

Till 

Cross-section symbol 

Advance outwash (Esperance Sand) 
Lawton Clay 

Discovery Formation (non-glacial) 
Possession Drift 
Kitsap Formation (non-glacial) 
Double BluffDrift 
Pre-Double Bluff undifferentiated (non-glacial) 
Tertiary volcanic rocks (basalt) 

Cross-sections 

Qvr 
Qvt 
Qva 
Qvl 
Qd 
Qps 
Qk 
Qdb 
Qu 
Tv 

Six cross-sections were constructed as part of the geologic interpretation performed for this 
study. After laying out the well logs on the cross-sections, correlations were made where obvious 
geologic boundaries existed. Reliable regional correlations were able to be made in some cases, 
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especially where important marker units, such as peat or thick clay, were present. The cross-section • 
traces are indicated on Figure 6. 

Anomalous deposits occur in the study area. A thick sand unit was encountered at the 
southern end of cross-section A-A' (Figure 7). This sand unit was interpreted to be cut-and-fill 
deposits of Vashon-age Esperance Sand. Nowhere else in the Seabeck area was found as thick a 
sequence of sand. In the area around Warrenville, on cross-sections C-C', D-D' and F-F' (Figures 
9, 10, and 12, respectively), a very thick deposit of clay and silt was encountered. Here the clay is 
found from 300 feet above to 200 feet below MSL. This occurrence was interpreted to be an 
ancestral lake deposit. The unit appears to cross-cut deposits of pre-Vashon glaciations, so is most 
likely a Vashon pro-glacial lacustrine deposit, i.e. Vashon Lawton Clay (Qvl). 

Static water levels were plotted on the strip log of each well shown on the cross-sections. 
The highly permeable, water-bearing zones are delineated as the most productive areas of the 
Seabeck Aquifer System and are shown as stippled on the cross-sections. 

Boundaries of aquifers, controlled by permeability, can cross-cut the stratigraphic layers 
which are controlled by depositional relationships. In general, however, aquifers occupy the 
outwash deposits of glacial sequences, and the fine-grained deposits of non-glacial sequences 
commonly act as separating layers (aquitards) between aquifers. 

AQUIFER CHARACTERIZATION 

Within the Seabeck area, three aquifer systems have been defined: the bedrock aquifer, the 
perched aquifers, and the Seabeck Aquifer System. These aquifers systems are further discussed 
below. 

Bedrock Aquifer 

The bedrock aquifer is a minor source in the Seabeck area, only serving some domestic users. 
It exists as interconnected fracture zones within the mostly basalt bedrock. The bedrock aquifer is 
only significant in the southern portion of the Seabeck study area where little to no sediments overlie 
the rock. A small number of wells are completed in the bedrock. They generally show limited 
yields. Though the total underflow through the basalt has not been determined, well tests in 
conjunction with regional calculations suggest that the bedrock represents a very minor component 
of the regional ground water resource. 
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Perched Aquifers 

Perched aquifers occur where the downward movement of water is impeded by a less 
permeable layer causing local areas of saturation with non-saturated sediments beneath them. In the 
Seabeck area, perched aquifers occur discontinuously, generally at elevations above 100 feet MSL. 
The majority of the wells in the upland areas are completed in permeable zones within these local 
aquifers. Springs occur where the perched aquifers intercept the land surface, particularly on the 
high banks along the Hood Canal and in steep valleys cut by the streams in upland areas. The 
perched aquifer system is controlled by the occurrence of permeable materials overlying fine­
grained deposits. The less permeable, fine-grained deposits are generally the non-glacial units in 
the area. Since these deposits, such as the Discovery Formation, are discontinuous, as can be seen 
in the cross-sections, the perched aquifers are also discontinuous. The total amount of discharge 
from the perched aquifers to the streams has not been quantified. However, the baseflow of Big 
Beef Creek suggests that the perched aquifers contribute up to 4 cfs ( 4 in/yr over the catchment to 
that stream). 

Seabeck Aquifer System 

One major objective of this study was to more accurately determine the boundaries of the 
Seabeck Aquifer System. For this study, an aquifer is defined as a permeable zone of a geologic unit 
that can transmit economically significant quantities of water to wells. Economically significant 
quantities of water, for the purpose of this report, is that amount that can supply a moderate-sized 
water supply system, say, greater than 50 gpm. Previous work (Kaminsky, 1994) showed that on 
a regional scale, local and discontinuous water-bearing zones which may appear isolated from one 
another are actually interconnected on a regional scale. The Seabeck Aquifer System is defined as 
a large, highly stratified, heterogeneous series of permeable strata of similar head, which occur 
between approximately 100 feet above MSL and 270 feet below MSL (Kaminsky, 1994). Figure 
I shows the boundaries of the Seabeck Aquifer System. 

The north and south boundaries of the Seabeck Aquifer System are fairly well-defined. The 
practical northern boundary is the shoreline of the Hood Canal, even though the aquifer likely 
extends a short distance into Hood Canal where it discharges as leakage through the recent bottom 
deposits of the canal. The southern boundary is defined by the bedrock contact which occurs as the 
subsurface projection of Green Mountain where it intercepts the sediments of the aquifer. Projecting 
the angle of the top of the basalt encountered in several drilled wells, the contact with Seabeck 
Aquifer units appears to subcrop at an elevation of about sea level on a line approximately 
paralleling the baseline between townships 24N and 25N. 

The east and west boundaries of the Seabeck Aquifer System are less well-defined. The 
northeast boundary of the aquifer is controlled by the presence of a thick sequence of clay and 
clayey silt, sands and gravels, which tend to obstruct the flow of water to the east. The amount of 
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subsurface information for the western boundlll')' is limited. The wells that exist west of the • 
boundlll')' as drawn are completed at depths above the Seabeck Aquifer. Due to this lack of data, the 
actual western-southwestern extent of the aquifer is poorly defined. 

Seabeck Aquifer System parameters 

Recharge area 

The recharge area for the Seabeck Aquifer, shown on Figure 13, is that area that lies directly 
over the aquifer plus the area of the Big Beef drainage which is underlain by bedrock. This 
additional area is included because it is assumed that the precipitation that falls on the bedrock runs 
down hill as subflow through the forest floor with a portion entering the ground water system as 

. recharge once unconsolidated sediments are reached. With this interpretation, the area contributing 
recharge to the Seabeck Aquifer System is approximately 20 square miles (12,800 acres). 

Aquifer top and bottom elevations 

The Seabeck Aquifer occurs between 100 feet above and 270 feet below MSL. However, 
at any one location the thickness does not exceed 250 feet and averages 200 feet. The top of the 
aquifer is interpreted to be the point where the permeable materials become saturated, excluding the 
perched zones. This elevation ranges from 100 feet above MSL in the southern portion of the • 
aquifer to approximately MSL in the northern portion. At Well 3 the upper limit of the aquifer · 
occurs at approximately 25 feet above MSL. 

The bottom of the aquifer has only been identified at four points. From this information, it 
appears that the bottom ranges from 130 to 270 feet below MSL. The bottom of the aquifer at Well 
3 occurs at approximately 175 feet below MSL. For the purpose of analytical modeling, the top and 
bottom elevations of the aquifer system at Well 3 were used. The overall thickness used in that 
analysis was, therefore, 200 feet, which agrees with the conceptual model of the system. 

Hydraulic conductivity 

The aquifer parameters of the Seabeck Aquifer System are derived from results of the testing 
of six wells in the northern part of the study area. The transmissivity and storage coefficient values 
calculated from the test data are given below in Table 2. The transmissivity ranges from 30,000 
gpd/ft at Well 1 and Big BeefFisheries Test Hole 2 (TH-2) to 90,000 gpdlft at Well3. The storage 
coefficients range from 1.6 x 10"' to 9.8 x 10"3

• Analysis of a 60-day test ofWell3 (Appendix B) 
yields an apparent transmissivity value of50,000 gpdlft and a storage coefficient of9.8 x 10"3

· The 
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storage coefficient was calculated after correcting for the 0. 6 ft of water level decline during the 60-
day test attributed to the seasonal trend. 

Table 3. Aquifer parameters of Seabeck area wells. 

Aquifer parameter Testing Values (data source) 
source 

Transmissivity ranges Weill 24,500 to 30,600 (drawdown plot) 
36,000 (recovery plotl 
88,000 (Well 3 1-day test) 

Well 2 73,000 (drawdown plotl 
76,000 to 86,000 (recovery plot) 

Well3 32,000 ( 1-day drawdown plotl 
79,000 (1-day recovery plot) 
86,000 (60-day test drawdownl 

Aquifer 88,000 (1-day Well 3 testing dist. vs. dd.) 
50,000 (60-day Well 3 distance vs. ddl 

Storage coefficient ranges Well3 1.7 x 10 .. 11-day Well 3 test) 
6.5 x 10"3 (60-day Well 3 test) 
9.8 x 10" (60-day Well 3 test, 0.6 ft removed) 

Thickness ranges Well2 87 feet (-26 to -113 MSLI 

Well 1 1 72 feet ( + 45 to -127 MSLI 

We113 202 feet ( + 27 to -175 MSLI 

Considering that, after 60 days of pumping ofWell3, the assumptions of a homogeneous, 
confined, and infinite aquifer may no longer be valid, the aquifer parameters calculated from the 
latter portion of that test may be suspect. However, the implied values of transmissivity (50,000 
gpd/ft) and storage coefficient (9.8 x l o-3

) reflect approximate, aquifer-wide values of apparent, 
average characteristics of the Seabeck Aquifer System. Sensitivity analyses ofthe analytical model, 
discussed later, tends to corroborate this assumption. 

Using an average aquifer thickness of 200 feet and an average transmissivity of 50,000 
gpd/ft, the aquifer hydraulic conductivity is 250 gpd/ft2

. This hydraulic conductivity value was used 
as the average for the Seabeck Aquifer System in subsequent analytical modeling . 
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General flow system of the Seabeck Aquifer 

The dynamics of the movement of water into and out of the study area can be simplified to 
a few basic relationships. Precipitation which falls on the area and is not lost to evapotranspiration 
is called the effective precipitation. The effective precipitation becomes either runoff, a surface 
water component, or percolates vertically to become saturated flow, a ground water component. The 
percentage of water that becomes either component is a function of the geology of the catchment 
area. 

The southern portion of the Seabeck Aquifer catchment (recharge) area is dominated by rock 
and tends to escort water along the land surface until it either reaches a surface drainage or until it 
reaches sediments of sufficient permeability to allow vertical percolation to the ground water 
systems. Much of the surface geology of the area is dominated by glacial till or bedrock that causes 
a large percentage of effective precipitation to run off as surface flow. 

• 

In the northern portion of the recharge area a greater percentage of effective precipitation 
does move vertically and becomes ground water recharge. When vertical ground water flow is 
impeded by lower permeability material, such as silt or clay, a perched aquifer can be formed. The 
sediments of the area which lie above an elevation of 100 feet contain an abundance oflenses oflow 
permeability material that form the perched aquifers of the area. The geologic logs of wells in the 
area show many regionally variable water level elevations reflected by the perched aquifers. Some 
of the perching layers are of substantial lateral extent and provide significant storage of water. 
Where this is the case, and the perching unit reaches a valley wall or a sea cliff, water drains from • 
the aquifer as springs. When the edge of the perching unit is reached, water can drain off of the edge 
and continue its vertical migration through the non-saturated materials which lie below the perching 
layer. The complex subsurface geology of the Seabeck area suggest that water encounters several 
successive perched layers before encountering the underlying sediments of the Seabeck Aquifer. 

Once the water reaches a zone of regional saturation, it becomes part of the regional ground 
water flow. The Seabeck Aquifer represents the only identified aquifer of the area that carries a 
significant amount of water on a regional scale. The water level gradient for this aquifer shows that 
the system is recharged on the upland area and that the water flows essentially northward to 
discharge at depth along the coast of Hood Canal. This is typical of many coastal aquifers of the 
Puget Sound Basin. 

The surface water of the basin is captured in the drainage channels of the streams discussed 
above. During the winter, stream flow is a function of storm runoff, and the flows are relatively 
large. The distribution of these flows is dictated by storm patterns and, to a lesser degree, changes 
in land use over the area. The primary land use impact in the Seabeck area is that oflogging since 
only a minor amount of the area has been converted to residential use. 
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As stated above in the discussion of the Perched Aquifers, some water discharges from that 
ground water system into the streams. This water provides much of the baseflow of the streams 
through the drier months of the summer and early fall. Though it is possible that some water 
discharges from the Seabeck Aquifer to the lower reaches of the major streams, the pattern of the 
potentiometric surface of that aquifer does not indicate a substantial discharge signature correlative 
to the streams. 

The bedrock does not carry significant amounts of water from the system nor does it import 
significant amounts of water. The permeability of the rock is dependent on fractures within the rock 
and, for that reason, is substantially lower than the permeabilities that dictate the flow of water 
through the sequence of glacial and interglacial sediments which overlie the rock. It is safe to 
assume that nearly all of the water that falls on the subarea is accounted for in the unconsolidated 
components of the subsurface or in the surface water features of the subarea. 

A database of334 wells were used to develop a potentiometric surface map for the Seabeck 
Aquifer System. All wells completed between 100 feet above to 300 feet below sea level were 
selected as possible Seabeck Aquifer System wells. This group included 132 wells. This group of 
wells was further refined to exclude wells if shown to be completed in the relatively shallow, 
perched aquifers. Most of the eliminated wells occurred in the hills in the northern portion of the 
study area which have completion elevations similar to the outcroppings of small springs in the area. 
Finally, 85 wells (Appendix C) were used to construct a potentiometric surface map of the Seabeck 
Aquifer System, shown on Figure 14. The contour lines are drawn between points of equal 
hydraulic head (water level elevation) using the contouring program SURFER. 

The overall ground water flow pattern is from south to north with minor local variations near 
the shoreline. The map shows that the hydraulic gradient (the difference in water levels along a line 
perpendicular to the contours) is generally consistent at approximately 40 feet per mile. 

Monitoring of wells has shown that the water levels in the area have seasonal fluctuations 
of at least 1.5 feet (Purdy, 1994). Water levels in wells are also influenced by tidal fluctuations to 
varying degrees, depending on depth and distance from the shoreline. The water levels are also 
influenced by short-term effects of barometric change and longer-term reflections of erratic 
precipitation patterns. Because these fluctuations tend to be introduced randomly in this data set, 
these influences have little effect on the overall shape and pattern of the defined potentiometric 
surface . 
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ANALYTICAL GROUNDWATER MODEL 

Model design 

There are essentially two types of mathematical ground water flow models, numerical 
modeling in which the equations which dictate flow are solved using discrete values and 
simultaneous solutions; and analytical, modeling in which the solutions to the equations are 
facilitated through simplifying assumptions and then solved directly. Numerical modeling requires 
a substantial amount of data in order to accurately define the discrete solutions. Since that level and 
quality of data is not available, only an analytical model could be applied to the Seabeck Aquifer 
System. An analytical model was developed to simulate the ground water flow production on the 
aquifer system. The analytical model was calibrated to match the observed potentiometric surface 
using the reported precipitation (recharge) conditions. It then was used to simulate the drawdown 
effects of the pumping of KPUD's Seabeck wells. Results are presented later in this report as a 
predicted potentiometric water surface in the form of a contour map. 

SURFER and QuickFiow software packages 

Two software packages were used in developing the analytical computer model, SURFER 
and QuickFiow. SURFER is a high resolution, two- and three-dimensional graphing program 

• 

distributed by Golden Software, Inc. SURFER was used to take irregularly spaced water level data •. 
and create regularly spaced grid data. The grid data was then used to create a contour map. 

QuickFiow distributed by Geraghty & Miller, Inc., is an interactive model which simulates 
two-dimensional, steady-state and transient ground water flow. The program has two modules. The 
steady-state module simulates ground-water flow in a horizontal plane utilizing analytical functions 
developed by Strack (1989). The transient module simulates ground water flow using equations 
developed by Theis (1935) for confined aquifers, and by Hantush and Jacob (1955) for leaky 
aquifers. 

Simulation of effects on the Seabeck Aquifer from pumping ofWell3 

Boundaty conditions 

To simulate the hydraulic effects of discharge from wells using the equations of Theis 
(1935), several assumptions must be made regarding the aquifer. The aquifer is assumed to have 
infinite areal extent; have uniform thickness throughout; is uniformly confined between 
impermeable formations; is horizontal; and the aquifer is homogeneous and isotropic with respect 
to hydrogeological parameters. Under these assumptions, the simulation of the effects of the 
pumping ofWell3 on the water levels of the Seabeck Aquifer System can be accomplished without 
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consideration of boundary conditions. Considering the results of the 60-day test, and the conceptual 
definition of the lateral extent of this aquifer system, the assumptions are valid for simulation of 
regional responses. 

Aquifer parameters 

The following aquifer parameter values, which have been discussed above, were used in the 
analytical model: 

Top and bottom elevation: 
Thickness: 
Hydraulic conductivity: 
Storage coefficient 

Drawdown effects 

+25ft to -175 feet MSL 
200ft 
250 gpd/ft2 (50,000 gpd divided by 200ft) 
9.8 X 10'3 

Using the QuickFlow program, the predicted steady-state drawdown ofWell3 pumping at 
585 gpm for 60 days was generated and the resultant potentiometric surface contoured (Figure 15). 
A calibration table (Table 4) and a scatter plot (Figure 16} were developed for this model run. The 
calibration table shows that the modeled drawdown closely approximates the observed (target) 
drawdown in the nearest wells, Well 1 (r= 2,000 ft) and Guava (r-3,100 ft}, and the farthest well, 
TH-2 at Big Beef(r= 8,200 ft}. The model overestimates the drawdown in four of the monitor wells. 
There are plausible explanations for this overestimation which are consistent with both the 
conceptual model of the system and the limitations of the analytical modeling method. The wells 
could be located in areas of the aquifer which have greater permeability; Well 2 is a demonstrated 
example of this situation. Or, the fact that the four wells are located higher in the aquifer where the 
effects of vertical anisotropy in the aquifer, which cannot be simulated in an analytical model, would 
cause a dampened drawdown response to pumping that the modeled result would not predict. These 
discrepancies are relatively minor, and the result of the simulation demonstrates that the model 
sufficiently reflects the conditions observed during the 60-day test to predict general response on 
a regional scale . 
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Table 4. Calibration table of analytical model simulation of drawdown effects of Well 3 after 60 days • 
of pumping at 585 gpm 

Well name Target dd Modeled dd tftl Error (ft) Absolute error Error squared 
(ft) (ft) (ft) 

Weill 4.4 4.21 0.19 0.19 0.036 
Guava 3 3.14 -0.04 0.04 0.02 
Seab. CC 1 2.29 -1.29 1.29 1.66 
Collier 3.4 2.21 1.19 1.19 1.42 
Well2 0.9 1.49 -0.59 0.59 0.35 
Smith 0 0.99 -0.99 0.99 0.98 
TH-2 0.4 0.80 -0.40 0.40 0.16 

mean= -0.29 
standard deviation = 0.44 

mean absolute error = 0.68 
root mean squared error = 2.15 

Simulation of the effects on the Seabeck Aquifer from pumping multiple wells 

The analytical model described above was applied to simulate the effects of pumping the four 
KPUD wells. Kitsap County PUD has four water right applications for 1,500 gpm each. A well has 
been drilled and tested at each site. For the model simulation, each well was pumped for I 00 days 
and the drawdown effects contoured. The 1 00-day duration was used because it is the length oftime • 
generally used to rate production wells. The pumping rates used in the simulation were the rated 
capacity for each existing well (Well I = 325 gprn, Well 2 = 1,000 gprn, Well 3 = 600 gprn, Well 
4 = 200 gpm). The interference effects at TH-2 at Big Beef were compiled and compared. 

Successive runs of the analytical model were conducted by theoretically pumping the four 
KPUD wells in order of increasing magnitude of interference at TH-2. Starting with Well 3, the 
wells were sequentially pumped at the rated capacity and the additive drawdown effect at Test Hole 
2 (TH-2) at the Big Beef Creek Fisheries was compiled for each run. Seabeck Well3 was pumped 
at 600 gpm for 100 days. The resulting drawdown cone, shown on Figure 17, resulted in drawdown 
interference at TH-2 of 1.3 feet after 100 days. Note that the model overestimated the drawdown 
response at TH-2 for pumping Well 3 for 60 days. Therefore, the computed drawdown should be 
considered a conservative estimation. 

The next run, shown on Figure 18, computed the drawdown interference caused by the 
pumping ofWells I and 3 concurrently. The combined pumping rate of925 gpm caused a predicted 
drawdown at TH-2 of2.02 feet after 100 days. For the third run, Wells I, 3, and 4 were pumped. 
The drawdown cone is shown on Figure 19. The combined pumping rate of the three wells was 
1,125 gpm. The predicted drawdown interference at TH-2 for this run was 2.45 feet. The fourth run 
using the model to simulate drawdown effects was with all four wells pumping. The combined 
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pumping rate for Wells 1, 2, 3, and 4 was 2,125 gpm. The predicted drawdown interference, shown 
in Figure 20, indicates 8.72 feet of drawdown at TH-2. This dramatic increase in drawdown effects 
at TH-2 from the previous run is caused by the close proximity ofWell2 to TH-2, and Well2's high 
pumping rate of 1,000 gpm. 

RECHARGE 

Analytical modeling the recharge rate of the Seabeck Aquifer 

The rates of flow within a ground water system are defined primarily by the aquifer 
transmissivity and hydraulic gradients. The flow rate in a steady-state system can be determined 
using the modified form of the Darcy equation: 

Q=Tiw 

where Q is discharge through a given width of an aquifer (gpd), T is the aquifer transmissivity 
(gpd/ft), i is the hydraulic gradient of the aquifer (ftlmile), and w is the width of the aquifer 
(mile). Because the aquifer structure is constant, theW and T values are constant. Therefore, a 
given gradient in the aquifer implies a specific value for Q. Assuming a steady-state condition, 
the inflow (recharge) equals the outflow (discharge). Therefore the equation becomes: 

Recharge = T i w 

For this exercise, a unit width for w and a hydraulic gradient of 40 ftlmile for i, taken from the 
potentiometric surface map, were held constant. The value for T was varied between 25,000 to 
100,000 gpd/ft to bracket the average aquifer transmissivity of50,000 gpd/ft calculated from the 
60-day test of Well 3 and the recharge rate that gives a 40 ftlmi gradient was determined. 

Utilizing the QuickFlow analytical model, a line sink was used to simulate the aquifer's zero­
head boundary and uniform recharge was applied at rates to match the hydraulic gradient. A 
sensitivity analysis for the Seabeck Aquifer System was conducted and the results are given below 
on Table 5. The results of the analysis show that the recharge rate ranged from 4 to 16.5 in/yr 
depending on the transmissivity values. Using 50,000 gpd/ft, the transmissivity calculated from the 
60-day test, the recharge rate for the entire recharge area is calculated to be 8.25 inches/yr . 
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Table 5. Steady-state, uniform recharge sensitivity analysis using thickness as 200 feet (top + 25 ft, • 
bottom -175 MSL) and a 'storage coefficient of 9.8 10'3 • Given is the hydraulic gradient for each 
analysis. The actual hydraulic gradient for the Seabeck Aquifer System is 40 ft/mi. 

Transmissivity Recharge rate ' 
(gpd/ft) (in/yr) 

4 8.25 10 13 15 16.5 

25,000 39.1 -- 96 -- 141 --
Gradient 50,000 20.2 40.2 48.8 -- 71.4 --

(ft/mi) 80,000 12.9 -- 31.1 39.7 45.3 --
100,000 10.4 -- 25.2 -· 36.6 40.4 

As applied evenly over entire recharge area. 

The relationship of the Seabeck Aquifer System to the streams in the area is best known from 
a 1980 drilling project at the fisheries at the Big Beef Creek. During the drilling program, a water 
bearing unit at a depth of 50 feet (elevation approximately 15 ft below MSL ), presumed to be the 
Seabeck Aquifer, showed a water level nearly 20 feet above the surface of the creek at that site. The 
existence of a confining unit of up to 21 feet thick near the creek bed surface indicates that the ~ 
Seabeck Aquifer is not in direct continuity with Big Beef Creek at that site. The fact that the head W 
in the aquifer is highly confined suggests that the confining unit is laterally extensive. However, if 
leakage occurs between the aquifer and the stream, then the driving head would be 20 feet. For the 
purpose of discussion, a hypothetical analysis was developed for the amount of leakage between the 
aquifer and creek. 

Test Holes 1 and 2 and Production Well 1 at Big Beef Creek all encountered a clay unit at 
approximately 10 feet below MSL. The Seabeck Aquifer lies immediately below this layer. 
Therefore, at this site the ground water has to leak upward through a confining unit with a small 
vertical conductivity. Applying Darcy's law: 

Q=KiA 

where Q is the discharge rate, K is hydraulic conductivity, i is hydraulic gradient, and A is the 
area of vertical flow. Hydraulic conductivity of clays typically range from 10'2 to 10·' gpd/ft2 

(Freeze and Cherry, 1979). Hydraulic gradient is defined by the change in head, dh, divided by 
the distance between the two measuring points, dl. The change in head at TH-2 is the static 
water level elevation (3 8 ft MSL in June, 1994) in the well minus the water level of the creek (28 
ft MSL ), which equals 10 ft. The distance between the measuring points is the creek level (28 ft 
MSL) and the top of the Seabeck Aquifer ( -10 ft MSL ), which equals 3 8 ft. Therefore, the 
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vertical hydraulic gradient under pre-stress conditions in the summer at TH-2 is 10ft/38ft (-Q.25). 
For this case, the effective area, A, can be assumed to be equal to the area of the creek channel and 
an area to either side until the head in the lateral sediments is sufficient to counter the upward 
gradient of the Seabeck Aquifer System (i.e. 10ft or less). For this calculation, we assume the 
effective width is 500ft. For each mile of the stream under the above condition, the area would 
equal 2,650,000 ft2 (500ft x 5280 ft). Inserting the values, the equation becomes: 

Q =KiA 
High range assuming 10"2 gpd/ft2 Low range assuming 10"' gpdlft2 

= (to·2 gpd/ft2)(0.25)(2,650,000 ft2
) or = (t0·5 gpd/ft2)(0.25)(2,650,000 ft~ 

= 6625 gpd = 6.6 gpd 
= 0.01 cfs = 0.00001 cfs 

This calculation, based on conditions at TH-2, indicates that the Seabeck Aquifer System, if leaking 
to Big Beef Creek at all, is contn1mting less than 0.01 cfs to as little as 0.00001 cfs per mile of creek. 
The lowest recorded flow since 1969 is 2.2 cfs, or 1.4 million gallons per day. This means that 
either the Seabeck Aquifer System contributes insignificant ground water base flow of Big Beef 
Creek, or the conditions observed at TH-2 are not typical for the creek/aquifer interactions. Since 
the head in the aquifer is a regional phenomenon, the assumed head conditions of TH-2 seem 
reasonable. It also seems likely that the perched aquifers are the source of base flow for Big Beef 
Creek and, by analogy, for other creeks in the area. 

Upstream the conditions are less well known. It is recommended that the creek should be 
investigated to determine gaining and/or losing reaches of the creek and the relationship to ground 
water baseflow, whether from perched aquifers or the Seabeck Aquifer System. 

Our analysis indicates that the pumping of Well 3 at its maximum rated capacity 
continuously for 60 days causes only a small amount of drawdown interference (0.4 ft) in the 
Seabeck Aquifer System near Big Beef Creek (Purdy, 1994). It is unlikely that this drawdown could 
have an effect on the baseflow of Big Beef Creek. 

WATEROUALITY 

GROUND WATER QUALITY 

The water quality information available for the Seabeck Aquifer is from the previous 
hydrogeologic studies discussed earlier. Complete inorganic analyses were done for Aquifers D and 
C (Seabeck Aquifer) at the Big Beef Fisheries and for KPUD's Seabeck Wells I, 2, 3, and 4. The 
results showed that for all parameters the water meets the standards set by EPA and Washington 
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DOH The chloride and nitrate concentrations are at background levels of less than 5 mg/1 and 0.2 
mg/1, respectively, for all samples. The iron, manganese, and hardness concentrations are low and 
specific conductivity, and total dissolved solids values are likewise low. Overall, the water quality 
is excellent and consistent between well locations for which data is available. 

During the 60-day testing ofKPUD's Well 3 in the summer months of 1994, chloride and 
conductivity were monitored in four other monitoring wells. The results showed that the chloride 
was at background levels in these wells and the chloride and conductivity levels remained stable 
throughout the testing period. 

WATER RIGHTS ASSESSMENT 

GROUNDWATER RIGHTS 

The water right records used in this study are from the Department of Ecology's WRIS 
database for the Water Resource Inventory Area (WRIA) 15. Appendix Dis the compilation of the 
surface and ground water rights for the area encompassing the Seabeck Aquifer System boundaries 
and the drainage basins which overlie the aquifer. Appendix D lists information such as location 
of withdrawal, priority date, owner, type of use, and instantaneous and annual quantities allocated. 

• 

Table 6 shows the totals of all ground water rights in the Seabeck area. This total represents all .I 
known water right holders whether actively used or not. The allocation totals on Table 6 do not 
include approximately 300 private domestic users in the area who are served by exempt wells. Also 
not listed are 391 water right claims in the area (both surface and ground water claims). These 
claims are not water rights but could become valid in adjudication process. 
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Table 6. Certified, permitted and applied-for ground water rights reported by the Department of Ecology 
Northwest Regional Office in the following sections in the study area: 24N/1 W- 1 through 9; 
25N/1W-13 through 36. Not included in the water right summary are 391 claims in the same 
area. 

GROUND WATER RIGHTS 

Certificates and Permits Applications 

Oi Oa Oi Oa 
(gpm) (af/yr) (gpm) (af/yr) 

KPUD -- - 6,000 -
ALL OTHERS 5,238 4,158 702 --

Seabeck Study 
Area 5,238 4,158 6,702 

TOTAL 

Although the source aquifer could not be determined for every ground water right, the known 
users of the Seabeck Aquifer System were totaled. The ground water users that are known to 
withdraw from the Seabeck Aquifer are the Big Beef Fisheries, other fisheries, and domestic wells 
along the Hood Canal shoreline. These users have total water rights of approximately 3,000 aflyr. 
This is approximately 72% of the total allocation of 4,158 aflyr in the study area. 

Of the ground water right applications listed on Table 6, KPUD has four applications 
totalling 6,000 gpm. Not all of the KPUD applications appear in the DOE records. This could be 
a result of mis-location or could reflect a lag in entering information into the water right database. 
The omissions are being corrected. These applications represent the four Seabeck wells. The total 
rated capacities of KPUD's four Seabeck wells is 2,125 gpm. The remaining ten applications, 
totalling 702 gpm, are designated for multiple domestic usage. Two of the applications, totalling 
350 gpm, are by Central Kitsap School District for two elementary schools in the area. 

SURFACE WATER RIGHTS 

Of the 27 surface water rights in the Seabeck area, 20 are consumptive surface water rights 
(see Appendix D) with an instantaneous total of0.474 cfs and an annual total of 43.5 aflyr. Four 
of the larger streams in the Seabeck area have multiple allocations. Table 7 lists the consumptive 
water rights assigned to the streams . 
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Table 7. Certified surface water rights for consumptive use on streams in the study area. 

2 

3 

4 

SURFACE WATER RIGHTS 

Number of Rights Qi Oa DOE low flows 
(cfs) (af/yr) 

Seabeck Creek 5 0.07 5 --
Big Beef Creek 6 0.174 7 14 to 4 cfs3 

Johnson Creek 3 0.04 1 --
Anderson Creek 4 0.17 30.52 3 to 1 cfs4 

Other creeks 2 0.02 -- --

TOTALS 20 0.4741 43.5 

Water right total does not include a water right on Anderson Creek for 5.56 cfs for fire 
protection 

Includes a water right of 30 af/yr for irrigation use that is likely inactive 

Big Beef Creek was closed to further appropriation on 8-27-54. Period of closure is May 15 
through October 31 . 

Anderson Creek period of closure is June 1 through October 31 . 

It appears from the water rights totals that the consumptive water rights on the streams are 
a small percentage of the stream flows. On Big Beef Creek the maximum instantaneous rate for the 
water right holders of0.174 cfs is 8% of the lowest recorded flow (2.2 cfs) in Big Beef Creek since 
1969. Note that the allocated instantaneous rate for Anderson Creek does not include a 5.56 cfs 
water right for fire protection. Without this right the total maximum instantaneous surface water 
right for the area is 0.474 cfs. The annual quantity is inflated by a 1950 surface water right for 30 
af/yr for irrigation use located in 25NIIW-13C. This right is 69% of the annual surface water 
allocation in the area. The property is referred to on the Metzker map as Sunset Farms. The 
property is now a small development served by Sunset Farms Water, a Class A system with 18 
hookups served by ground water right Gl-22376C for Qi of30 gpm and Qa of16 aflyr. Therefore, 
this surface water right is likely to be inactive. 

The non-consumptive uses of the streams are not listed in Table 7, but are presented in 
Appendix D. Two major non-consumptive uses, Symington and UW Fisheries, are located on Big 
Beef Creek. The water right for annual use of 670 af/yr held by Symington of Seattle is designated 
for recreation and beautification use. This water right allows for the impounding of water in Lake 
Symington located approximately 4.5 miles upstream from the mouth of Big Beef Creek. The water 
right for 11 cfs (instantaneous) held by the Big Beef Fisheries is designated for fish propagation . 
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One other non-consumptive user is W. W. Wade on Johnson Creek. His total of0.75 cfs for two 
water rights are designated for fish propagation. Since these water rights are non-consumptive, they 
do not affect the total flow of the creek, with the possible exception of minor increases in 
evaporation. 

WATER AVAILABILITY 

Water balance 

In the GWMP report for Kitsap County (1991 ), a water budget analysis was applied to the 
West Kitsap Subarea using the water balance equation: 

Recharge = Precipitation - Storm runoff- Evaporation. 

This method of calculation presumes a steady-state condition. That is, there are no significant 
changes in the amount of water stored in the system. Values for the components of the water 
balance were given as ranges of regional estimates. As part of the Seabeck Subarea assessment, 
which is a parallel study to this effort, a water budget analysis of the Big Beef Creek basin was 
performed for the period from 1970 to 1980, at which time year-round stream flow data is available. 
Based on the hydrologic and hydrogeologic characteristics of the Seabeck Subarea, we believe that 
Big Beef Creek is likely to be representative of the other major basins in the Seabeck area. Results 
from the water budget analysis of the Big Beef Creek basin were, therefore, used to characterize the 
flows of the entire Seabeck area. 

The precipitation rate within the Seabeck Subarea is highly variable. According to the 
isohyetal map presented by Garling and others, 1965 (Plate 4), which is based on the average 
precipitation from 1946 to 1960, the precipitation rate is approximately 50 in/yr at the mouth and 
70 inlyr at the head of the basin with an average of 60 in/yr. According to the isohyetal map of the 
GWMP report (Exhibit 11-15), the precipitation rate is approximately 60 in/yr at the mouth and 75 
in/yr at the head of the basin with an average of 67 in/yr. The higher rate is also indicated by the 
average precipitation rate at the Munroe Station. From 1970 to 1980 (the time span of the water 
budget analysis of the Big Beef Creek basin), the average rate at the Munroe Station was 61.2 in/yr. 
The following water budget analysis of Big Beef Creek basin uses an average annual precipitation 
of67 in/yr. 

Evapotranspiration cannot be directly measured. For this analysis, evapotranspiration for 
the basin was calculated utilizing the Thorthwaite method (Dunne and Leopold, 1978). The 
Thorthwaite method estimates the potential evapotranspiration based on soil thickness, temperature 
and latitude. Assumptions of soil moisture holding capacity and estimations of evaporation and 
sublimation based on temperature and latitude must be made. Temperature data from 1970 to 1980 
at the Bremerton station were used to calculate the potential evapotranspiration of the Seabeck 
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subarea. An evapotranspiration value of 25 in/yr was calculated. A difference between potential 
and actual evapotranspiration occurs when evapotranspiration exceeds precipitation and is a function 
of soil moisture depletion. Depending on the range of assumed soil moisture holding capacity, the 
calculated actual evapotranspiration ranged from 21 in/yr to 16 in/yr. The rate of21 in/yr was used 
in order to maintain a conservative estimate of the resource. 

Runoff was determined using data collected by the USGS at the Big Beef Creek gage. The 
average total annual flow from the Big Beef Creek basin for the years 1970 to 1980 was 27,965 
af/yr. Since the drainage area above the stream gage is 13.80 mi2

, or 8,832 acres, 27,965 af/yr 
converts to an average discharge equivalent to 3.17 ftlyr, or 38 in/yr over the catchment area. A 
component of this annual flow of38 in/yr is derived from the ground water as baseflow to the creek. 
The baseflow was determined by assuming that the lowest monthly flow for each year represents 
the ground water flow exclusively. Based on this, the ground water component of stream flow was 
found to average 4.3 inlyr over the catchment. This would imply that the average amount of runoff 
generated in Big Beef Creek between 1970 and 1980 is equivalent to 34 in/yr over the catchment 
area. Since Big Beef Creek is assumed to be similar to the other drainages in the area, discharge for 
them can be estimated using the relationship established for Big Beef Creek. 

Returning to the initial equation for definition of Recharge: 

Recharge = Precipitation - Evapotranspiration - Storm runoff 
= 67 21 34 

Recharge = 12 in/yr 

This value is the approximate amount of recharge that would be expected to reach the ground water 
system during the average year. 

To determine the amount of ground recharge that reaches the Seabeck Aquifer System, the 
budget of the shallow perched aquifers must be examined. Recharge to the ground water system 
enters the shallow perched aquifers and discharges either to surface water features or passes 
vertically through the perched systems and infiltrates to deeper ground water systems. Springs are 
evident in the Seabeck area where the perched aquifers intersect the land surface along valley cuts 
and sea cliffs. The actual amount of discharge from the perched aquifers cannot be directly 
measured. However, the geologic information for the area considered with the implications of water 
level data for the perched and Seabeck Aquifer Systems imply that the baseflow of the streams is 
derived, for the most part, from the perched aquifers. Based on the Big Beef Creek baseflow, the 
perched aquifers likely discharge an average of about 4 in/yr to the surface water features. The 
remainder of the 12 inches of annual recharge percolates to the deeper aquifers. Based on this, the 
water balance indicates an average recharge rate of 8 in/yr to the Seabeck Aquifer System. This is 
in agreement with the recharge indicated in the analytical modeling discussed earlier. Since the 
modeling effort was developed to match the implications of observed water levels in the aquifer, it 
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represents an independent method for estimating recharge. The fact that both types of analysis 
suggest the same magnitude of recharge to the Seabeck Aquifer System, is encouraging. 

The agreement between the recharge rate indicated utilizing the water balance approach and 
the recharge rate anived at using the analytical model (the gradient-implied approach), suggests that 
a rate of 8 in/yr is reasonable. If the rate of 8 in!yr is the average amount of ground water that 
naturally discharges into Hood Canal from the Seabeck Aquifer System (approximately 20m?, or 
12,800 acres), then a total of 8,533 af/yr, or 5,290 gpm is indicated as the annual aquifer discharge. 

MONITORING NETWORK 

The Seabeck Aquifer Protection Plan called for a monitoring network and the drilling of up 
to 3 monitor wells in the Seabeck Aquifer. However, as the study progressed, it was evident that 
there was a need for additional monitoring in the upland areas and not the shoreline areas as 
previously thought. Since it would be necessary to drill the monitoring wells in the upland areas at 
least 500 feet deep, the expense was prohibitive to drilling even one monitoring well. Therefore, 
it was decided that existing wells would be used instead. The resulting monitoring network will 
encompass more area and more wells than was initially proposed. The monitoring network will be 
expanded to include other wells in the Seabeck area. The process of selecting and locating these 
wells will begin in May, 1995. 

Currently there are 9 wells in the Seabeck Aquifer being monitored by KPUD. The 9 wells 
include all four of the KPUD's Seabeck wells, TH-2 at Big Beef Fishery, and four other domestic 
and purveyor wells. Water level records for the KPUD wells date from their construction. The 
monitoring of the other wells was initiated in April, 1994 as part of the 60-day testing ofWell3. 

The monitoring network will be implemented to acquire information on the water levels, 
withdrawal rates and water quality. The water levels will be measured to monitor the seasonal 
and annual trends of the Seabeck Aquifer System. The water quality analyses will monitor 
drinking water standard constituents with an emphasis on parameters such as chloride and 
conductivity which are indicators of salt water intrusion . 
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SUMMARY AND CONCLUSIONS 

Using previous hydrogeologic studies, an extensive database of well log information, pump 
test data, geologic cross-sections, and a potentiometric surface map, a conceptual model of 
the hydrogeologic characteristics of the Seabeck Aquifer System was developed. Current 
understanding is that the water bearing zones from approximately 100 feet above to 250 feet 
below sea level are all hydraulically interconnected on a regional scale and can be grouped as the 
Seabeck Aquifer System. The flow pattern within the Seabeck Aquifer is generally northward, 
perpendicular to the shoreline of Hood Canal. 

An analytical model was developed to reflect the relationship between recharge rates, 
gradient, and transmissivity of the aquifer system, and to simulate drawdown responses of the 
Seabeck Aquifer System when pumping stresses are applied. The model indicates that the recharge 
rate is approximately 8 in/yr. This is in agreement with independent calculations using a mass 
balance approach. lfthe entire recharge area of the Seabeck Aquifer System (approximately 20 mi2

, 

or 12,800 acres) is considered, 8 in/yr is equivalent to a ground water underflow of8,533 aflyr, or 
5,290 gpm. 

Total water rights in the Seabeck area (an area larger than the recharge area of the Seabeck 
Aquifer System), amount to 4,202 aflyr (4, 158 aflyr ground water plus 43.5 aflyr surface water). 
This total includes all users whether in the Seabeck Aquifer or not. Approximately 85 wells are 

• 

presumed to be completed in the Seabeck Aquifer. These wells, including the major production ., 
wells, account for a total allocation of approximately 3,000 aflyr. Any dramatic increase in 
withdrawal from this system should be phased in and monitored closely. To that end, it has been 
recommended that the current monitoring program be expanded to include several existing domestic 
wells in the area. 

The analytical model predicts that the pumping of all four of the KPUD's Seabeck wells at 
their maximum rate continuously for 1 00-days will induce 8. 7 feet of drawdown interference in TH-
2. The geologic conditions in conjunction with water level data indicate that the Seabeck Aquifer 
System is not in direct continuity with Big Beef Creek and that, by analogy, is probably not a 
significant component of base flow for the other streams of the area. The perched aquifers appears 
to be the source of base flow to the surface waters of the study area. A detailed investigation of the 
flow rates and hydrogeologic characteristics of several locations along Big Beef Creek would 
determine the areas of the creek where ground water is entering the creek and may provide a better 
understanding of the hydrogeologic relationship with the streams. 

Robinson & Noble, Inc. • 



• 

• 

4-31 

RECOMMENDATIONS 

From the hydrogeologic study of the Seabeck Aquifer System, several recommendations can 
be made to improve the understanding of this complex region. 

• We recommend that the continuous monitoring of the Kitsap PUD's Seabeck Wells I, 2, 
3 and 4 continue indefinitely. This will contribute to the understanding of the seasonal 
variations observed in earlier monitoring efforts. 

• We recommend that the monitoring ofBig Beef Creek Fisheries Test Hole 2 be continued 
indefinitely. Previous information has not been continuous, and the lack of year-round data 
is a shortfall of analysis at this site. In addition, production records from the Fisheries 
Production Well 1 should be kept and reviewed regularly. 

• We recommend that the current monitoring effort be expanded to include a larger area by 
adding several existing wells to the monitoring network. Several wells located upgradient 
(south) ofKPUD's wells and a few additional domestic wells along the shoreline should be 
added to develop a more comprehensive regional monitoring network. 

• During periods of low flow in the late summer months, the Big Beef Creek should be 
investigated by walking the channel with close attention to changes in stream flow rates, 
spring lines along the valley walls, and the relationship of the geology to the valley. A major 
goal of the investigation would be to determine which areas are contributing ground water 
baseflow to the stream. This type of survey may also be of value on the un-gaged streams 
of the area. 

• The predicted drawdown effects in the Seabeck Aquifer System are small along Big Beef 
Creek. However, the stress on the aquifer (pumping ofKPUD's wells) should be introduced 
in increments and the effects should be monitored thoroughly. The impact of each 
incremental increase should be analyzed and understood before any subsequent pumping 
increases occur. 
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• Figure 2. Precipitation rates at NOAA Station in Bremerton (~47 34 N, Long. 122 40 W), 
Henry Aus Station near Silverdale (47 41'19", 122 41'00"), 
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• Figure 4. Plot of annual precipitation in inches at the Frank Munroe Station at Scenic Beach and 
annual discharge from Big Beef Creek in inches over catchment area, from 1970 to 1980. 
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• Figure 14. Potentiometric surface map of the 
Seabeck Aquifer System. 
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• • 
Figure 15. Predicted drawdown interference (in feet) from pumping We11 3 at 585 gpm for 60 days. 
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• Figure 16. Scatter plot for drawndown interference during the 60-day test of Well 3 
compared to the computed drawdown. (k = 33.4 filday, S = 0.0098). 
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Figure 17. Predicted drawdown interference from pwnping of Well 3 at 600 gpm for 100 days. 
k=33.4, S=0.0098 
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• • 
Figure 18. Predicted drawdown interference from pumping Well I at 325 gpm and Well 3 at 600 gpm 
for 100 days. k= 33.4, S=0.0098 
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• • 
Figure 19. Predicted drawdown interference (feet) from pumping of Well 1 at 325 gpm, Well3 at 
600 gpm, and Well4 at 200 gpm for 100 days. k= 33.4, S= 0.0098 

SCALE 

Seabeck Aquifer System 
Hydrogeologic Characterization 

June 1995 

Robinson & Noble Inc. 

• 



• • 
Figure 20. Predicted drawdown interference (in feet) from pumping Well I at 325 gpm, Well 2 at 
1000 gpm, Well 3 at 600 gpm, and Well4 at 200 gpm for 100 days. k=33.4, S=0.0098 
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Introduction 

Recommendations-in-Progress Report 
for the 

Seabeck Aquifer Protection Study 

June 1994 

As a module of the Seabeck Aquifer Protection Study, this report summarizes the 

available data collected thus far, and makes recommendations with respect to the Seabeck 

Aquifer Protection Plan. This report includes: 1) the findings of an extensive well database 

search and update; 2) the selection of candidate wells for further study; 3) representative 

hydrogeologic cross-sections; delineation and redefinition of the Seabeck Aquifer; 4) the 

nature of flow in the aquifer with respect to discharge and recharge areas by construction of 

a regional flow map. 

• Well database 

• 

Robinson & Noble were provided KPUD database dumps for the parcel of land 

delineated by Robinson & Noble as the study area (Figure 1). The study area was defined 

by Robinson & Noble as the area of land that would reasonably be expected to fully contain 

the Seabeck Aquifer, and also provide sufficient surrounding buffer space to accurately 

defme the edge of the aquifer. The database dump consisted ofT. 24N, R. 1W Sections 3 

through 6; T. 25N, R. 1W, Sections 13 through 35. 

KPUD database. The provided database records were reportedly of the best quality 

and were only provided in the dump because they were thought to be accurate and were 

field-checked as such. After several days of searching through the provided records, it 

became apparent the database was unreliable for several reasons. These reasons are as 

follows: 

Robinson & Noble, Inc. 
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1. Numerous wells do not appear to be in a location commensurate with the reported • 

land surface datum. For example, a well might have a listed land surface elevation 

and be located in a section which does not even contain terrain low of high enough to 

include such an elevation. This of course could be a function of the wrong location 

rather than of a error in land surface datum. 

2. Erroneous Latitude - Longitude listing. These wells have erroneous data that 

presumably are the result or errors in data entry. Besides the uncertainty of locating 

the well, one of the more serious problems that arises from this error is static water 

levels that appear well below sea level because of the terrain in which the reported !at 

- long plots them in. This causes problems in modeling flow in the aquifer. 

3. Mixed decimal Latitude - Longitude listing and degrees, minutes, seconds listing. 

While the location may be accurate, this error creates problems in locating well by 

plotting programs. There is currently no database field to identify which wells are 

listed with the decimal format or degrees, minutes, seconds. The result in some cases • 

is that wells plot in the wrong section or even worse, plot in the middle of Hood 

Canal. 

4. Multiple entries for the identical well. This error appears to the be the result of 

the same data unwittingly being entered for two different wells or for the same well 

with different owner names. Table I lists wells identified thus far. 

Robinson & Noble, Inc. • 
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Table 1. Duplicate Entries present in KPUD database. 

First site ID First local name Duplicate site ID Duplicate local name 

473935122455601 ? AAA248 Private McBride (Bearbower) 

473921122454901 ? AAA521 Private Sicks 

473841122474201 KPUD AAC799 KPUD Seabeck Test well 2 

473854122441101 ? AAA056 Private Demers 

473802122460602 ? AAA048 Private Wallace 

473749122453001 Private Powers AAA289 Private Powers 

473747122483601 ? AAB281 Private Aronhalt 
(McKaneless) 

473746122503401 ? 473746122503402 ? 

5. Erroneous or missing names in the local name field. This problem could be easily 

dealt with if entries are limited to the current owner (if available) and the original 

name that appeared on the original log. No other entries are needed and only serve to 

confuse the database user when present. 

R&N Database. Because the above errors caused confusion in some cases, a parallel 

spread-sheet based database was begun. This database only consists of owner name, local 

ID, depth, land surface, static water level and screen elevation. This database is not 

designed to replace the KPUD database. It was designed to be used as working tool with 

space for comments regarding problems with the well location, or other information. This 

database was also designed to quickly identify wells at certain target screen elevations to 

screen out wells to be used for cross-sections, etc., which could be quickly accomplished by 

normal column and row arithmetic functions. This database appears as a appendix to this 

document. 

Robinson & Noble, Inc. 
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The procedure for accomplishing the R&N database was as follows. First, all paper • 

copy of well logs were assembled for the study region. These logs came from Robinson & 

Noble well log repositories, Robinson & Noble job files, Nicholson Drilling, Inc. job files, 

and Kitsap PUD files. These well logs were compared to the database dump provided by 

Kitsap PUD. Each well log that was not included in the Kitsap PUD database was noted as 

such, photocopied, and sent to Kitsap PUD for entry into the database. The remaining well 

logs were compared to the information contained in the Kitsap PUD database dump for 

accuracy and completeness. Locations for these wells were also cross-checked by owner 

name with the Metsker land ownership maps for the region. Wells were then plotted on a 

USGS quadrangle to check location and land surface elevation associated with that location. 

When an accurate location was indicated, static water level was then checked to ensure a 

reasonable number. In some case, the calculated static water level elevation was far below 

sea level, resulting in flagging the location as uncertain. The result of the above procedure 

is a spreadsheet of each well that has some sort of hardcopy documentation (DOE log, USGS 

report log, etc.) of location, depth and water level. The hand plotted map was then used to 

acquire a general feel for the distribution of wells in the region and to pick wells for cross-

sections. 

Cross-section construction 

Procedure. Because of a relatively low number of deep wells that had reliable land 

surface and location data, cross-section locations were limited. Specifically, three north­

south sections (lines A-A', B-B', and C-C'), two east-west sections (lines D-D' and E-E'), 

and one southwest-northeast section (line F-F') were constructed (refer to Figures 6-12 in 

final report: Purdy, 1995). The cross-sections were laid out on 7-1/2 minute USGS 

quadrangle with a horizontal scale of l-inch to 2,000 ft. The vertical scale used for the 

sections is 1 inch to 100ft (20 x vertical exaggeration). Each well was scaled to the cross-
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section using the actual horizontal distance from the preceding well. In doing so, a bend in 

each cross-section occurs at every well. At each well, a strip Jog of geology was constructed 

from the data reported in the drillers well report associated with each well. The driller's 

formation picks were strictly followed, although some interpretation was used when terms 

such as "hardpan" appeared in the log. Hardpan was interpreted as any dry dirty clay-bound 

sand and gravel, regardless of origin. 

After laying out strip geology on the cross-sections, correlations were made where 

obvious geologic boundaries existed. It was assumed, for example that the driller could 

determine the difference between clay and sand or sand from sand and gravel. Reliable 

regional correlations were able to be made in some cases, especially were large thicknesses 

of clay were reportedly present. Less success was had when mixed silts, sands, and gravels 

were reported. 

Static water levels were plotted on the strip Jog of each well. In most cases, static 

water level elevations matched what could be expected for that particular region. However, 

in some cases, especially near the shoreline with Hood Canal, static water level was too far 

below sea level to be anywhere near accurate. As alluded to earlier, inaccurate static water 

level are probably a function of poor location data rather than an improperly reported static 

water level. 

Cross-section analysis 

General. Although it would be desirable to have several more cross-sections, analysis 

of the existing cross-sections leads to some interesting conclusions. Previously, analysis of 

data sets associated with the drilling of the three KPUD Seabeck test wells and the University 

of Washington Big Beef Fisheries test wells led to an assumption that the so-called Seabeck 

Robinson & Noble, Inc. 
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Aquifer was a separable hydrostratigraphic unit that was intercalated between a series of 

other aquifers defined on the presence of clay-bearing strata at the Big Beef test wells (fable 

2). While this system of categorization seemed to work fairly well in a geologic sense for 

the Big Beef drilling project, the relationships it depends on become unreliable with distance 

from Big Beef Fisheries. 

Table 2. Seabeck area aquifer nomenclature. 

Big Beef FISheries Seabeck Well3 report 
designation Depth below sea level designation 

Aquifer "A" 35 to 155ft not encountered 

Aquifer "B" 135 to 215 ft Seabeck Aquifer 

Aquifer "C" 225 to 265ft Big Beef Aquifer 

Aquifer "D" 410 to 485ft not explored for 

• 

Based on data collected at the aforementioned wells, the Seabeck Aquifer was thought • 

to be the water-bearing zone occurring between approximately sea level and 200 below MSL. 

The lower boundary of the Seabeck Aquifer was drawn at a notable orange-orange/red to 

brown clay about 5 feet thick. The upper boundary was drawn at the brown clay separating 

the Aquifer "A" and Aquifer "B" at Big Beef Fisheries, but was undefined elsewhere. 

Aquifer testing at the Big Beef Fisheries Production Weill (PW-1) which was completed in 

Aquifer "C" showed that aquifers "A" through "D" responded to the imposed stress. This 

situation, coupled with the fact that hydraulic head measurements in piezometers completed 

in aquifers "A" through "D" are all within 5 feet of each other, indicate that there is little 

justification for the divisions as presented in Table I. 

Redefinition of the Seabeck Aquifer. Analysis of the available data indicates that a 

much broader definition of the Seabeck Aquifer is warranted. The data show that the 

Seabeck Aquifer is better defined as a large, highly stratified heterogeneous series of 

Robinson & Noble, Inc. • 
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permeable strata of similar head, which occur between approximately 100ft above MSL to 

270 ft below MSL. Locally, this series likely consists of small, thin water bearing zones 

which may appear isolated from one another on a small scale. Static water level in this 

aquifer system is generally between MSL and 100 feet above MSL. 

Extent of the Seabeck Aquifer. The Seabeck Aquifer is laterally extensive, appearing 

to be as large as 15 sq. miles in area. In general, thicknesses of the aquifer range from 200 

to 300 ft. However, this thickness is for the entire packet of water bearing strata, and 

therefore includes local impermeable or low-permeable materials. It is stressed that the 200 

to 300 ft estimate for aquifer thickness is not necessarily water bearing throughout. 

The southern and northern boundaries of the aquifer are well-defmed. The southern 

terminus appears to be against steeply north-dipping Tertiary basalt which comprise the 

Green Mountain highlands to the south of the Seabeck Area. Projecting the attitude of dip 

based on the top of basalt encountered in several drilled wells, the contact with Seabeck 

Aquifer units appears to subcrop at an elevation of about sea level on line approximately 

paralleling the baseline between townships 24N and 25N. The northern practical boundary is 

the shoreline with Hood Canal. 

The east and west boundaries are less well-defined. The eastern extent of the aquifer 

seems to be controlled by the presence of a thick sequence of clay and clayey silts, sands, 

and gravels. This sequence clearly delineates the northeastern comer of the aquifer, but 

becomes less apparent with distance to the south. However, well control in the east-central 

and southeastern portion of the Seabeck study area is poor at Seabeck Aquifer depths. It is 

entirely possible that the central portion of the aquifer may extend to the region marked by 

the principal meridian between R. lW and R.lE, based on the lack of Seabeck-type water 

bearing units in the Silverdale Water District deep well at Wixon Road . 
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The eastern boundary is not clearly marked by a major lithologic change. However, • 

water levels appear to wrap back around the Green Mountain highland just west of Seabeck 

Creek. This change may also be a function of well placement. 

Analysis of static water levels 

Flow net Analysis. A flow net was constructed using water level data from wells 

thought to be completed in the Seabeck Aquifer (refer to Figure 14 in final report: Purdy, 

1995). A flow net consists of flow lines drawn to show general directions of ground water 

movement from areas of recharge to areas of discharge. Flow lines are conceptual 

abstractions based on assumptions of water flow and aquifer characteristics. In a theoretical 

homogenous and isotropic aquifer, flow lines are perpendicular to equipotential lines, which 

are lines of equal hydraulic head. 

Analysis of the flow net constructed for the Seabeck Aquifer shows ground water is • 

moving in a northerly direction, discharging, for the most part, into Hood Canal. Along this 

boundary, there also exists at least two area of concentrated discharge. One of these regions 

of concentrated discharge is the Seabeck Bay area, the other appears to be the region near 

Little Beef and Big Beef Harbors. These areas, marked by the pronounced curvature of 

equipotential lines, may not be the result of natural heterogeneities in the aquifer. Rather, 

the distorted equipotential lines may delineate area of higher ground water usage. 

The flow net also indicates that the area of recharge lies to the south, perhaps even as 

far as Green Mountain. However, the physical extent of the Seabeck Aquifer is thought to 

be much less than that. The Seabeck Aquifer is likely recharged by water moving 

horizontally and downward through fractures in the basaltic rocks lying to the south. This 
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water enters Seabeck strata either directly, or indirectly by downward leakage from higher 

aquifers being recharged by water originating in the basalt. 

Areas for further ground water exploration. By analysis of the flow net, areas that 

are promising for further ground water development can be readily identified. One of the 

more favorable areas, almost perfectly outlined by the three KPUD wells (numbers 1, 2, and 

3), lies in the eastern portion of Section 21 and the western portion of Section 22. This area 

of the aquifer is characterized a lower hydraulic gradient, which may be indicative of a zone 

of greater transmissivity. Another larger area of promising ground water supplies is the area 

between Big Beef Creek and Anderson Creek. This is also an area of lower hydraulic 

gradient. However, the geology at Seabeck Aquifer depths appears to change to more clay­

rich strata as one approaches the area of Section 14. Therefore, the likelihood of having to 

complete a well in material with a less than desirable transmissivity is probably greater . 

Implications for new KPUD Seabeck Aquifer monitoring wells 

Monitoring wells are needed to monitor natural trends in head, water quality, and the 

effect on water levels due to seasonal changes in ground water utilization. Several factors 

must be weighed before placing a well in order that the most beneficial information can be 

generated. A primary use of the well should be identified (e.g., water quality, observation, 

etc.). Secondly, can the well be placed to help further delineate aquifer boundaries. 

Water quality monitoring wells. At the minimum, at least two wells whose primary 

responsibility would be water quality monitoring, are suggested to be placed in the two areas 

of concentrated discharge. Because these two areas show a landward deflection of 

equipotential lines, all other things being equal, water quality degradation due to salt water 

intrusion should occur in these areas first. Secondarily, these wells can also observe head in 
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the aquifer. Monitoring of secondary water quality analyses should done on a monthly basis • 

for the first few months and then possibly dropped to a biannual basis if no problems are 

detected. Both of these wells should be screened in the first permeable wne below sea level. 

Because there are no manufacturing facilities or landfills in the area, regular 

monitoring for primary water quality contaminants is unwarranted. 

Observation wells. Several observation wells whose primary responsibility would be 

to monitor long-term changes in aquifer water levels are suggested. Ideally, these wells 

should be placed in areas not already under heavy ground water production, but up-gradient 

from those area which are. Three such wells are suggested for the southern boundary of the 

aquifer. These wells would be placed to help further delineate the thickness and extent of the 

aquifer, and to monitor up-gradient head closer to the recharge zone. Suggested areas for 

placement are along the northern portions of Sections 31 through 35 in Township 25N. 
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• INTERPRETATION OF A 60-DAY PUMPING TEST OF 
PUD #1 OF KITSAP COUNTY's SEABECK WELL 3 

October, 1994 

INTRODUCTION 

To better understand the long-term capabilities and regional characteristics of the 

Seabeck Aquifer System, the naming of which is discussed below, a 60-day pumping test was 

conducted on Kitsap Public Utility District No. l's Seabeck Well 3. Considering that the 

combined peak capabilities of Seabeck Wells I, 2 and 3 could be as much as 2,425 gallons per 

minute, the ability of the aquifer system to sustain that level of production needed to be evaluated. 

Well 3 was tested at an average of 584 gpm for 60 days. Several wells were monitored before, 

during and after the pumping period and the information was collected and evaluated. Based on 

the evaluation of the pumping test, coupled with the compilation of geologic data, the capacity 

and extent of the aquifer system has been estimated. The following report will be included as 

• supplement in the Seabeck Aquifer Protection Study currently in progress. 

• 

PROJECT SUMMARY 

NAMING OF THE SEABECK AQUIFER SYSTEM 

The description of the aquifers in the Seabeck area has evolved over the years. In 1980, 

two test wells and one production well at the Big Beef Creek Fisheries Research Center 

encountered four productive water bearing zones and were designated, from shallow to deep, as 

Aquifers A, B, C, and D. Aquifer C was considered one of the most productive in Kitsap County. 

As part of the Ground Water Management Plan (GWMP) in 1991, these aquifers were grouped 

into the Big Beef Aquifer system. Evaluation of a 3-hole test drilling program for the PUD from 

1991 to 1993 showed that the target Aquifer C did not extend a great distance from Big Beef 
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Creek, however Aquifers A and B did. Aquifer B was then referred to as the Seabeck Aquifer 

and its extent was estimated. The long-term testing ofKPUD's Seabeck Well3 and the work 

currently being done on the Seabeck Aquifer Protection Study show that regionally there was no 

basis for the separation of the aquifers. Consequently, all the aquifers found at the Fisheries 

Center and by the PUD wells should be combined and referred to as the Seabeck Aquifer System. 

TESTING RESULTS 

The 60-day test ofKPUD's Seabeck Well 3 has provided valuable information on the 

Seabeck Aquifer System. The testing allowed an excellent opportunity to take close-order, 

accurate measurements over a large area and time span. Results of the test showed: 

+ Pumping ofWell3 at an average rate of584 gpm for 60-days induced drawdown 

interference in all the wells monitored. 

+ Drawdown and recovery data showed that the Seabeck Aquifer System can maintain a 

production level of 600 gpm from Well 3 for an extended period with no apparent residual 

affect on the system's water levels. The recovery trend shows that interference observed 

during the test was a temporary condition and that aquifer water levels returned to the 

expected non-stressed level. 

+ Water chemistry was stable and of excellent quality throughout the pumping period. 

+ There was no evidence of saltwater intrusion. 

Based on the testing results and the on-going aquifer protection study, a conservative 

production rate of approximately I, 400 gpm was estimated as the capacity of the aquifer system 

between Wells I, 2 and 3. A rate of 1,000 gpm should be used for initial planning purposes for 

KPUD's Seabeck wells. 
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REDEFINITION OF SEABECK AQUIFER SYSTEM 

Since 1980, the boundaries of the various aquifers in the Seabeck area have been 

estimated and re-estimated. Past boundaries were based on site-specific studies in the area. 

Currently, a detailed study specifically intended to define the aquifer boundaries, is being 

conducted. Figure I shows the progression of the defined boundaries. A synopsis of the previous 

and on-going studies follows. 

PREVIOUS STUDIES IN THE AREA 

Big Beef Creek Fisheries study 

In !980, Robinson & Noble supervised the drilling and testing of two test wells and one 

• production well for the University of Washington at the Big Beef Creek Fisheries Research 

Center. Four aquifers were discovered and designated Aquifers A, B, C, and D. Aquifer C, 

located 225 to 265 feet below MSL, was shown to have characteristics that make it among the 

best aquifer zones identified on the Kitsap peninsula. Production Well I, completed in Aquifer C, 

was tested at 2, 000 gpm for 72.5 hours. The aquifer at the site has an implied transmissivity of 

165,000 gpd/ft. 

• 

Kitsap County GWMP 

As part of Grant No. I of the Kitsap County Ground Water Management Plan (GWMP), 

27 principal aquifer system areas were identified. The only major aquifer identified in the West 

Kitsap subarea was named the Big Beef Aquifer system. It was identified at Big Beef Creek east 

of Seabeck. This aquifer system area was based solely upon the Big Beef Fisheries wells . 
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According to the GWMP, the Big Beef Aquifer was located 100 to 250 feet below sea level 

(Aquifer C), within the "Qg4" unit. At the time of the report, the Big Beef Aquifer's extent was 

unknown but was thought to extend a greater distance to the south and west. Further test drilling 

in the area was recommended to define the stratigraphic and hydrologic conditions of the system. 

KPUD drilling and testing in the Seabeck area 

In October, 1990 exploration drilling began on Seabeck Well 1 (25N/1W-21N, AAA235). 

Well 1 was located approximately one mile southeast of the previously assumed boundary of the 

Big Beef Aquifer. The intention of the drilling plan was to determine if the Big Beef Aquifer 

extended in that direction and to determine the characteristics of any other water bearing zones at 

the location. Well 1 was drilled to a total depth of 649 feet (320 feet below mean sea level). A 

deep zone from 591 to 604 feet (262 to 275 feet below MSL) was tested and found to not have a 

substantial production potential. It was concluded that the Big Beef Aquifer (Aquifer C) did not 

extend to Well!. However, a shallower water bearing zone, at 429 to 450 feet (100 to 120 feet 

below MSL) was encountered and tested. The testing at 325 gpm indicated a potentially 

productive aquifer. This zone was named the Seabeck Aquifer and correlated to the "Aquifer B" 

of the Big Beef study. 

Next, Seabeck Well2 (25N/1W-22E, AAC799), located approximately 5,600 feet to the 

northeast of Well 1, was drilled to 500 feet (231 feet below MSL). It did not encounter the Big 

Beef Aquifer. As in Weill, Well 2 was completed in an aquifer above the Big Beef Aquifer. 

Well 2 is completed in a productive water-bearing zone located 50 to 80 feet below MSL. This 

aquifer has been correlated to "Aquifer A" at the Big Beeffacility. The well was tested at rates of 

910 and 720 gpm, showing indications that the well is capable of producing up to 1500 gpm . 
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Seabeck Well 3 (25N/l W-28F, AAA980), located approximately 2,000 feet south from 

Well 1, was drilled as a production well and is completed in the equivalent of Big Beef Aquifer B. 

The well was drilled to a total depth of630 feet (190 feet below MSL) and completed from 510 

to 542 feet and from 576 to 617 feet below ground (70 to 177 feet below MSL). The well was 

tested and rated at 600 gpm. 

Aquifer Protection Study 

An on-going aquifer protection study is currently being conducted in the Seabeck area. 

As a result of this investigation, the previously separately named aquifers were all included in the 

designated Seabeck Aquifer System. Response from testing at Big BeefFisheries, and detailed 

cross-sections and potentiometric surfaces in the study area imply a interconnected system of 

permeable zones separated by discontinuous impermeable layers. The study shows that, 

• regionally, there is no basis for naming individual aquifers as the water bearing zones from I 00 

above to 300 feet below sea level all appear to be interconnected hydraulically. Thus, the 

Seabeck Aquifer System was defined. 

• 

GEOLOGY 

The surficial geologic formations in the Seabeck area consist of unconsolidated glacial 

deposits of the Vashon glaciation. Most of the Seabeck area is covered by Vashon Till which 

drapes the surface as a veneer of approximately 10 to 100 feet thick. Below the till are advance 

outwash deposits mapped as Esperance Sand by Deeter, 1979. These deposits are thicker here 

than in other parts ofKitsap County. Esperance Sand, consisting of sand and gravel and silt bound 

sand and gravel, has been mapped on the surface in places and interpreted from well logs to be 

from 200 to 400 feet thick. At approximately sea level, non-glacial deposits are encountered in 
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some wells. These 10 to 60 feet thick clay and silt layers mark the lower limit of Vashon deposits, 

and have been designated Kitsap Formation by Molenaar (Garling, and others, 1965) and 

Whidbey Formation by Deeter, 1979. Below these non-glacial deposits are yet older glacial 

deposits consisting oflayers of siltbound sand and gravel with some layers of clean sand and 

gravel. These deposits exist in discontinuous layers with highly variable permeabilities. 

HYDROLOGY 

Nearly all the wells in the area, including the wells monitored during this test, are 

completed in the permeable zones of the formations located from approximately I 00 feet above 

to 270 feet below sea level, both above and below the Kitsap!Whidbey Formation. These 

formations constitute the Seabeck Aquifer System. Units of highly permeable, clean sand and 

gravel of less than 50 feet thickness have been encountered in the area, but generally the deposits 

• 

in the area consist of siltbound sand and gravel, typically hundreds offeet thick. Within these • 

siltbound sand and gravel deposits are thin, highly permeable zones which occur between 

discontinuous impermeable layers. These discontinuous, permeable zones within the siltbound 

sequences appear to be the most productive zones in the aquifer system. 

Potentiometric surface maps from the Seabeck aquifer protection study indicate the 

ground water generally flows perpendicularly toward the shoreline. The general flow is 

northwesterly, discharging to Hood Canal. Long-term monitoring ofKPUD's Well 1 has shown 

that the water levels in the area have seasonal fluctuations of at least 1. 5 feet. Water levels in 

wells are also influenced by tidal fluctuations to varying degrees, depending on depth and distance 

from the shoreline. These influences had to be taken into account and made interpretation of the 

test data more difficult. 

Based on the KPUD's Wells 1, 2 and 3 and the three wells at the Big Beef Creek Fishery, 
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transmissivity values in the area vary from 30,000 to I65,000 gpd/ft. Storage coefficient values 

range from 0.0001 to 0.0065, indicating the Seabeck Aquifer System is confined. 

Within the area delineated as the Seabeck Aquifer System, there are four surface drainage 

basins. The largest basin is Big Beef Creek, with a drainage area of approximately 14 .I square 

miles. The others are, from east to west: Anderson Creek, 4.89 square miles; Little Beef Creek, 

0. 78 square miles; and Seabeck Creek, 5.2 square miles. A stream gage on Big Beef Creek is 

seasonally monitored by the US Geologic Survey. This gage is currently monitored from June to 

October. The historic record is further discussed in detail below. 

TESTING OF WELL 3 

WELL3DATA 

7 

Well3, drilled to 630 feet, was completed June II, 1993 with 40 feet of screen and 24 

feet of perforations. The completion elevations are from 70 to 177 feet below sea level. The well 

was tested at 600 gpm with 73.5 feet of drawdown after 24 hours. Well 3 was rated at 600 gpm 

and a permanent pump was installed. At the time of the completion of Well 3, a long-term testing 

and monitoring program was proposed to determine the long-term effects of pumping from the 

Seabeck Aquifer System. A long-term test was started on June I, 1994. 

Prior to the testing period, two storage tanks were built and Well 3 was put online to 

serve approximately 7 connections system. Additional connections will be added in the future. 

The well was outfitted with a water level pressure transducer and flow meter. A second water 

level transducer was installed on May 23, 1994 and water level readings were recorded using a 

data-logger. The data, shown on Figure 2, shows tidal fluctuations of approximately 0.2 feet and 

the periodic pumping episodes caused by system demand. On June 1, 1994 at I 0:30 AM, the 
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pump was turned on at an initial rate of 610 gpm. As the water level drew down from the pre-test 

static of371.91 feet, the pumping rate decreased slightly and stabilized at 596 gpm after 120 

minutes. The drawdown data (Figure 3) show that for the first 10 days of pumping the rates of 

drawdown were less than that of the original 24-hour testing at the time of construction. After 

approximately 10 days the shape of the curve is influenced by a seasonal decrease in aquifer water 

levels (discussed below). The spikes and gaps in the drawdown data were caused by power 

failures, the second one lasted for approximately nine hours. 

After 60 days of pumping, a decision was made to end the test. By the end of the 

pumping period the water level in Well 3 was at 431.4 feet, for a total drawdown of 59.2 feet. 

The average pumping rate over the 60-day test was 584 gpm. Therefore, the 60-day specific 

capacity of Well 3 is 9. 8 gpm/ft of drawdown. This value is higher than the 24-hour specific 

capacity 8.2 gpm/ft of the original test. The higher specific capacity is likely caused by natural 

development of the well during regular operation of the system. The well was making small 

amounts of sand during the beginning of the 60-day test. Transmissivity at the well was 

calculated to be 86,000 gpd/ft based on the curve from 1 00 to 1 000 minutes. This value is within 

range of transmissivity calculated from the original test recovery data. 

MONITORING WELLS 

During the testing of Well 3, seven other wells were monitored (see Figure 4). The study 

intent was to monitor as large an area as feasible utilizing wells completed in the same aquifer as 

Well3. KPUD's Seabeck Wells I and 2 and Big BeefTH-2 were monitored continuously prior to 

the pumping of Well 3 and are today still actively recording water levels. Four other wells, 

selected based on their location, completion depth, and accessibility, were also monitored during 

the testing. The Smith, Guava, Seabeck Conference Center, and Collier wells, located from 

2,000 to 8,200 feet from Well 3, were measured periodically during the monitoring period. All 
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• the wells monitored experienced some degree of drawdown interference from the pumping of 

Well3. Each well is discussed below in order of distance from Well3. 

9 

The monitoring period, for the purpose of this discussion, was from April 19 to September 

16, 1994. The start of the monitoring in each well was when equipment was first installed in each 

well. The end of the monitoring in each well was based on the recovery of the wells and, in part, 

because of required scheduling for analysis of the results. 

Seabeck Weill 

Seabeck Well 1, located 2,000 feet away in SW Y. SW Y. of Section 21, has a completion 

elevation of88 to 120 feet below sea level. Well 1 is equipped with a Stevens GS-93 data logger 

which started recording on April 19, 1994. This system uses a float and data logger which 

• records the water levels at specified intervals. It is planned that the equipment is to remain active 

indefinitely. The water level record from Aprill9 to September 16 is shown on Figure 5. The 

pre-test water levels show tidal fluctuations, as well as, sharp, short-lived declines caused by the 

intermittent pumping ofWell3. The pre-test data also show an overall declining water level trend 

at the rate of approximately 1 foot per 80 days. The plot shows that water levels responded 

quickly to pumping by drawing down approximately 2.5 feet and continuing to draw down at a 

consistent linear trend of 1 foot per 3 5 days. At the end of the 60 days of pumping, Well 1 had a 

water level approximately 5 feet below the pre-test static. When the pumping ofWell3 stopped, 

the water level in Weill rose approximately 2.6 feet within the first day of recovery. At the end 

of the recording period on September 16, the water level was approximately 1. 6 feet below the 

pre-test static. However, if the pre-test seasonal decline is projected to the end of the record, the 

residual drawdown at Well 1 is approximately 0.3 feet. 
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Guava Well 

The Guava Well, located approximately 3,100 feet to the south in the NW v. SW '1. of 

Section 21, is completed at an elevation of 52 to 62 feet below sea level. The Guava Well, 

10 

serving about 5 homes, was equipped with an electric sounder with a fixed reference. The plot of 

the Guava Well (Figure 6) shows drawdown interference of approximately 3.6 feet. After 

pumping stopped at Well3, the water level recovered in a period of two days to within 1.1 feet of 

the pre-test static. By the end of the monitoring period, the water level was 2.5 feet below pre­

test static, indicating a seasonal(?) trend of decreasing water levels. It should be noted that due to 

the fact that the Guava Well was in intermittent domestic service at the time of monitoring, there 

were several times when no water level measurement was taken; and that all of the water levels 

recorded were at some point of recovery from pumping in the well. Because of this, fewer water 

levels were taken and the record is a bit erratic. 

Seabeck Conference Center Well 

The Seabeck Conference Center Well, located approximately 4, 400 feet to the northeast in 

the SW '1. SE '1. of Section 20, is completed at an elevation of 54 to 64 feet below sea level. The 

well is inactive and was equipped with an electric sounding line. The drawdown interference 

(Figure 7) in the Conference Well is less defined than at the above mentioned wells, but is still 

evident. The total interference was approximately 1.6 feet. Interestingly, after Well 3 was shut 

off, the Conference Well had only 0. 5 feet of recovery and showed a water level that is slightly 

higher than expected from projecting the pre-test seasonal decline. 
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Collier Well 

The Collier Well, located approximately 4, 700 feet to the north of Well 3 in the NEV. 

NW V. of Section 22, is completed at an elevation of 22 to 28 feet below sea level. The Collier 

Well, at an elevation of 40 feet, has a flowing artesian condition. The well was equipped with a 0 

to I 0 psi pressure gage. Readings were taken after venting the air column from the well. The 

pressure readings were converted from psi to feet of water by multiplying by 2.31. Due to its 

proximity to the shoreline, the well experienced large fluctuations caused by tidal influences. 

This, coupled with problems in the gage reading procedures early in the monitoring period, 

caused the water level record for this well to be erratic. In addition, the bentonite seal was 

unstable during the monitoring period. The seal bulged at the surface and was repaired on May 

31, and thereafter, showed additional minor movement. With this in mind, the Collier Well 

(Figure 8) showed apparent drawdown interference of approximately 4.0 feet, with the initiation 

of the interference happening approximately 3 days after Well 3 was turned on. The well showed 

• a similar recovery response after Well 3 was turned off. At the end of the monitoring period, the 

water level in the Collier Well was approximately 2 feet below the pre-test static. 

• 

Seabeck Well 2 

Kitsap PUD's Seabeck Well 2, located approximately 5,600 feet to the northeast in the 

SW V. NW V. of Section 22, is completed at an elevation of 50 to 81 feet below sea level. The 

well was equipped with a Stevens GS-93 data logger measuring every 5 minutes (see Figure 9). 

The pre-test data, as in Seabeck Well 1, showed a general trend of decreasing water levels. The 

decline was at a rate of approximately I foot per I 00 days. The drawdown interference in this 

well is less apparent than the previously mentioned wells, but is noticeable. After approximately 

I 0 days of pumping, the well experienced a drop in water level. At the end of the pumping, the 

water level in Well 2 had declined I. 5 feet from the pre-test static. After the Well 3 was turned 
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off, Well 2 showed a rise in water level until just before the end of the monitoring period, with the 

level being approximately 0.7 feet below the pre-test static. However, if the pre-test trend of 

decline is projected to the end of the monitoring period, Well2 had no residual drawdown. 

Smith Well 

The Smith Well, located approximately 7,800 feet to the northeast in the NE Y. NW •;. of 

Section 22, is completed at an elevation of 5 to 25 feet below sea level. The well was equipped 

with an electric sounding line. The total change in water level in the Smith Well (Figure 10) was 

apparently 0.6 feet. However, based on the shape of the data plot, most, if not all, of the 0.6 feet 

could be seasonal decline. At the end of the monitoring period, the water level continued to be 

0.6 feet below the pre-test static. 

Big BeefTH-2 

Test Hole 2 at the Big Beef Creek Fisheries Research Center, located 8,200 feet to the 

northeast in the NE Y. NE Y. of Section 22, is completed with multiple piezometers measuring 

two aquifer zones. During the test the completion zone at 133 to 187 feet below sea level was 

monitored. The 8-inch casing, sticking 17 feet in the air, was equipped with a Stevens Type-F 

float recorder. The continuous record was gathered throughout the monitoring period. The 

water level plot (Figure II), from data with the diurnal tidal fluctuations removed, shows an 

apparent drawdown interference of I. 0 feet. The plot also shows a recovery trend after the 

pumping of Well 3 stopped. At the end of the monitoring period the water level was 0. 6 feet 

below the pre-test static. 
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MONITORING WELL OVERVIEW 

Figure 12 was developed to allow for a visual comparison of the water levels of each 

monitoring well during the monitoring period. Figure 12 shows the monitoring wells in 

descending order of proximity to Well 3. It clearly shows that the beginning and end of the 

pumping period becomes less apparent with distance from the well. This dampened response is 

very evident when comparing the record for KPUD's Wells I and 2. These two wells were 

monitored continuously and therefore have a much more detailed record than the other wells. 

The irregular patterns seen in the Guava and Collier wells are the result of tidal fluctuations and 

periodic use of the wells. 

BIG BEEF CREEK HISTORICAL RECORDS 

13 

In addition to analysis of the testing ofWell3, the historical flow of Big Beef Creek was 

examined. Since 1969, the US Geologic Survey has had an active gaging station (#12069550) on 

Big Beef Creek upstream from Big BeefTH-2. Since 1982 the station has been recording daily 

discharge from June through October only, the time oflowest flow. Since 1982, summer mean 

monthly flows have ranged from 2.48 to 21.9 cfs. Figure 13 shows the lowest mean monthly 

discharge, those with flows less than 5 cfs. The plot possibly can be interpreted as showing a 

declining trend in discharge for the lowest of the flows. However, if the minimum flows (Figure 

14) are examined instead of monthly discharge, historic records show earlier times with 

comparable low flows. 

PRECIPITATION 

Figure I 5 is a plot based on the precipitation at the Bremerton NOAA station. It is 
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presented as cumulative departure from the average yearly precipitation, a method not commonly 

used and one that requires some explanation. For the selected period of record the total amount 

of rain divided by the number of years gives the average annual amount, which was 50.8 inches 

during the period of January, 1969 through September, 1994. As such, positive departures (more 

than 50.8 inches per year) show a graphical rise and negative departures a graphical decline. The 

total data set shows long-term trends. It should be noted that the record from the Bremerton 

station is not complete; it is missing several months of data during this time span. These months 

were given a value of either the historical average for that month, or the amount measured by 

Henry Aus at his station in Silverdale (active since November, 1989). Figure 15 shows that the 

last two years have been drier than normal. From current records, 1994 also appears to be a dry 

year. 

When comparing Figures 13 and 14 with Figure 15 there appears to be a somewhat 

tenuous correlation between precipitation and minimum and lowest mean flows. Since 1983, the 

• 

peak point of positive cumulative departure (Figure 15), there has been an overall drier than • 

normal trend. The lowest monthly mean flow (Figure 13) shows a trend toward decreased flow 

over the same time span. The monthly minimum flow (Figure 14) shows a less obvious trend. 

Another factor, which could significantly affect the flows in the creek, is that there is a dam at 

Lake Symington upstream from the gage. 
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WATER QUALITY 

As part of the testing, the water quality of Well 3 and the monitoring wells were examined 

with special emphasis on identifYing any possible trends indicating salt water intrusion. Samples 

were taken from each monitoring well, except Wells 1 and 2 and the Guava Well, at three time 

intervals during the pumping test: on the first day; after 45 days; and at the end of the 60-day test. 

The samples were run in Robinson & Noble's in-house laboratory for conductivity and chloride, 

two indicators of salt water intrusion, with the following results: 

Table l. Water quality results during the 60-day test of Well 3 

Well Conductivity Chloride 

(J.mlhos/cm) (ppm) 

1 day 45 day 65 day 1 day 45 day 60 day 

KPUD Well3 114 llO 110 ,;2.5 2.5 2.5 

Seabeck Conference Center 92 75 74 ,;2.5 2.5 2.5 

Collier 117 ll8 115 ,;2.5 2.5 2.5 

Smith 122 ll9 121 ,;2.5 2.5 2.5 

Bi11 BeefPW-1 145 142 145 12.5 12.5 12.5 

The above results show consistent values, with no trend toward salt water intrusion . 

Robinson & Noble, Inc. 
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HYDROLOGY DISCUSSION 

The 60-day test of KPUD's Seabeck Well 3 has provided valuable information on the 

Seabeck Aquifer System. The monitoring shows that both seasonal and tidal effects occur 

throughout the system. The results of the monitoring data shows that wells completed at various 

depths located large distances away have drawdown interference from a single well pumping. 

The water quality monitoring has shown that no salt water intrusion was induced. Based on the 

amount of draw down in the monitoring wells, the test had no effect on surface water bodies. 

TIDAL AND SEASONAL FLUCTUATIONS 

The fluctuations of water levels caused by tidal influences is quite obvious when 

examining close-order measurements or the continuous water level data of the monitoring wells. 

• 

The magnitude and timing of the fluctuations are dependent on the well's distance from the • 

shoreline. From a previous study, the Big Beef TH-2, located approximately 1500 feet from Big 

Beef Harbor, has a fluctuation of0.6 feet, or 5% of magnitude of Seabeck tides. The lag time 

between Seabeck tides and aquifer tides at TH-2 is approximately 2 V. hours. From this study, 

Well 3, located approximately 4,000 feet from Hood Canal, was found to have a total fluctuation 

of 0.3 feet. 

The seasonal fluctuation is more difficult to quantify. To do this, the entire historical 

record at Well I was examined. As stated above, based on the pre-test static water levels from 

April19 to June 1, 1994, a trend of a 1 foot decline per 80 days is evident. The trend during the 

same time period in 1993 at Weill showed a 1 foot decline per 130 days. In 1991 and 1992 it 

was approximately 1 foot per 30 days and 1 foot per 120 days respectively. Not only does the 

rate of decline change from year to year, but is different from well to well. The Well 1 record also 

shows seasonal increasing trends during November through May so that overall there is a balance . 

Robinson & Noble, Inc. • 
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The influence of tidal and seasonal fluctuations has caused difficulty in quantifYing the 

absolute drawdown interference from the pumping ofWell3. The magnitude of the tidal 

fluctuation varies from well to well based on distance from shoreline. The magnitude of seasonal 

declines can only be projected and estimated based on this limited history. 

DRA WDOWN INTERFERENCE 

To display the drawdown interference relationship, two plots, Figures 16 and 17, were 

developed. The first is the semi-logarithmic plot of distance versus drawdown. A line was drawn 

that represents the best fit of the data ignoring the Collier data. The reason for eliminating the 

Collier point is that it was measured using a different method (pressure gage), measuring 

procedures were altered after the pumping began, and the surface seal was unstable during the 

monitoring period. Based on Figure 16 the apparent aquifer transmisssivity and storage 

• coefficient calculate as 49,300 gpd/ft and 0.0065 respectively. These values indicate a 

productive, confined (artesian) aquifer. 

• 

The drawdown interference in the monitoring wells is also presented on Figure 17 which 

shows the relative distance from Well 3, screen depth, static water level, and total depth drilled. 

This figure shows that the wells are completed at various depths within a range of 5 to 187 feet 

below sea level. The shallower wells, (Smith, Seabeck Conference Center, and Well2) generally 

show a less than expected drawdown interference (see Figure 16). A compilation of well statistics 

on each well monitored during the test is presented below in Table 2 . 
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Table 2. Compilation of monitoring well statistics. 

2 

3 

Elevation Screen SWL Distance 

Well Location MSL elevation 1 elev2 from Well3 

Well3 25N/IW-28C 440 -70 to -177 70 --

Well I -21N 330 -88 to -120 58 2000 

Guava -21M 239 -52 to -62 38 3100 

Conf Center -20Q 75 -54 to -64 41 4400 

Collier -21C 40 -22 to -27 48 4700 

Well2 -22E 270 -49 to -80 40 5600 

Smith -22C 141 -5 to -25 21 7800 

Big BeefTH-2 -22A 50 -133 to -187 38 8200 

Screen elevation in feet below mean sea level. 

Water level elevation in feet above mean sea level on June 1, 1994 prior to testing. 

Feet of water level decline below the SWL. 

18 

Draw-

down3 

59.5 

5.0 

3.6 

1.6 

4 

1.5 

0.6 

1.0 

The drawdown interference likely encompassed the entire aquifer system. Any long-term, 

large volume withdrawal from Well 3, or any other production well, will affect all wells completed 

in the aquifer system. The production well PW-1 at the Big Beef Fisheries has been in production 

for over a decade but water level data has been sparse and production data is non-existent. There 

is evidence that suggests an overall decline in water level at Big Beef since the original testing in 

1980. Figure 18 shows a hydrograph of all known water level measurements in TH-2 at Big Beef 

Creek. By comparing the original water level with the latest measurements, a decline of 

approximately 5.5 feet is evident. However, if the water level taken November II, 1990 is 

compared to the November water levels of 1980, there is only a 2-foot decline. Is this decline 
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caused by pumping at Big Beef and elsewhere, or is this decline a function of less than normal 

precipitation? To help answer these questions, the water recorder at TH-2 is going to remain 

active and monitor at least a full year of water levels. Arrangements must also be made to collect 

and record the production rates from the Big Beef production well. 

PROJECTED CAPACITY 

Based on the testing of Seabeck Well3, any pumping is going to theoretically affect every 

well in the Seabeck Aquifer System to some degree. Pumping continuously at 5 84 gpm induced 

some draw down interference at each well monitored. However, the amount of interference of this 

test, during the driest season in a drier than normal year, did not affect the ability of any of the 

wells to supply water. In addition, the recovery trend shows that the interference was a 

temporary condition and that the aquifer water levels returned to the expected non-stressed level. 

One method of estimating the capacity of an aquifer is to calculate the natural ground 

water flow, or underflow, of the aquifer. The underflow is the amount of water that is flowing 

through a given area at a rate proportional to the hydraulic gradient. The rate is calculated by 

using the formula: 

Q= Tiw, 

where Q is the flow rate, Tis the transmissivity, i is the hydraulic gradient, and w is the width of 

the area in question. 

Caution was used in applying this underflow equation to the Seabeck Aquifer System by 

using only conservative values. Local transmissivity values were found to range from 73,000 to 

86,000 gpd/ft at KPUD's Wells I, 2, and 3. Based on the 60-day pumping test, the regional 

aquifer's transmissivity is approximately 50,000 gpd/ft (see Figure 16). The hydraulic gradient 
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used herein is based on the potentiometric surface map drawn for the Seabeck Aquifer Protection 

study. The hydraulic gradient in the Seabeck Aquifer System ranges from 40 to 85 ftlmile. The 

width of the Seabeck Aquifer System is approximately 5 miles, with a 1 mile separation between 

Wells 3 and 2. The conservative values (T= 50,000 gpd, i= 40 ft!mile, w= 1 mile), when inserted 

into the above equation, results in a Q of2,000,000 gpd or 1,389 gpm of underflow between 

Wells 2 and 3. 

To judge whether this value is reasonable for the rate of recharge in the aquifer, an 

estimation of the amount of recharge area necessary to provide 1,389 gpm was made using the 

recharge rates given in the GWMP report. Table II-14 on page II- 73 of the GWMP report gives 

a direct recharge rate of27 to 32 inches per year for the West Kitsap subarea. The rate of 1,389 

gpm converts to 2240 acre feet per year. Using 27 inches per year, the estimated recharge area 

required to provide 2240 acre feet per year is 996 acres or 1.55 square miles. Since the minimum 

estimated recharge area directly upgradient from Wells 2 and 3 is approximately 4 square miles, a 

rate of 1,389 gpm appears to be reasonable. 

The testing of Well 3 has shown that 584 gpm, in addition to other concurrent users, 

could be withdrawn from the Seabeck Aquifer System during the driest season of a dry year with 

no apparent residual effect. How the withdrawal of 1,389 gpm would affect the aquifer is not 

firmly known. By using the most conservative end of the range of parameters, the rate of 1,389 

gpm should be considered a reasonable rate. For any long-range planning for the system, a rate of 

1,000 gpm should be a safe starting point. Further increases in withdrawal could then be 

incrementally done subject to on-going monitoring. 

To determine an upper limit to the production potential of the aquifer, the potential 

capacity of the aquifer system was also estimated based on the known parameters and less 

conservative values. The Seabeck Aquifer System has been found to be approximately 5 miles 

wide. Wells spaced to take advantage of the full width of the system might be drilled along a 4 
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mile wide line. Assuming the same transmissivity used in the conservative estimate, 50,000 

gpd/ft, and a slightly higher gradient of60 ftlmi (the "average" gradient of the aquifer), the 

estimated Q becomes 12,000,000 gpd or 8,333 gpm. The recharge area for the suggested well 

configuration would be approximately I 0 square miles. This recharge area does not include the 

recharge contribution resulting from the runoff off Green Mountain where bedrock is at the 

surface. The precipitation on Green Mountain is as much as 80 inches per year. Therefore, a 

recharge rate incorporating direct recharge and additional recharge from Green Mountain runoff 

of30 inches/yr over the indicated recharge area is reasonable. Using these less conservative 

values, the annual recharge to the Seabeck Aquifer System could be as much as 16,000 acre-ftlyr 

or 9,920 gpm. 

The true underflow for the area is likely somewhere between the two estimates of 1,389 

and 8,333 gpm. The true annual recharge rate is probably between the two estimates of2,240 

and 9,920 gpm. However, we recommend caution be used in the eventual utilization of the 

• aquifer. Consequently, any further increases in production should be accomplished in increments 

starting at I, 000 gpm. 

• 

WATER QUALITY 

Two complete inorganic analyses were conducted on !-day and 60-day samples from Well 

3 (results attached). Overall, the results show excellent water quality. The iron and manganese 

values, two of the most common problems, were at levels below the detection limit of the 

laboratory. The hardness, total dissolved solids, chloride, and bicarbonate alkalinity levels are 

very low. The results also show that the individual parameters changed very little between 

sampling periods. Stiff diagrams, visual representation of major cation/anion distribution, were 

developed and attached. They show that the water is a calcium bicarbonate type with only minor 

other ions. The water is unusually low in total mineralization . 
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SURFACE WATER 

Based on the small magnitude of the drawdown interference in the monitoring wells near 

Big Beef and Seabeck Creeks, the pumping ofWell3 should have minimal affect on the flows in 

the creeks. At Big Beef Creek Fisheries TH-2, the creek is a "gaining" creek. The hydraulic head 

in the aquifers are higher than the creek surface, indicating that the aquifers are contributing base 

flow to the creek. A significant reduction in the head driving this exchange may reduce the 

inflow of ground water into the creek. However, the test indicated less than I foot of interference 

at TH-2, so a reduction in inflow should be minimal. 

RECOMMENDATIONS 

Plan to use 1,000 gpmfrom Wells 1, 2, and 3, calculated on average annual use. This rate was 

• 

estimated using the results of the 60-day testing ofWell3 and the on-going Seabeck Aquifer • 

Protection Study. Further increases in withdrawal could then be incrementally accomplished, 

subject to on-going monitoring. The 1000 gpm rate can be exceeded instantaneously as long as 

the annual average is at or below this amount. For comparison purposes an annual rate of 1000 

gpm equals: 

1.44 million gallons per day 

5.26 billion gallons per year 

70.3 million cubic feet per year 

703,000 KPUD's ERU's 

1613 acre-feet per year 
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The monitoring of the Seabeck Aquifer System should include, in order of importance, the 

following: 

23 

Monitor Wells 1, 2, and 3: The data recording systems presently in place on Wells I and 2 should 

continue to be maintained. Long-term water level trends are important to the analysis of the 

capacity of the aquifer system. 

Monitor Big Beef TH-2: Continue the water level recorder at TH-2 . This data should be 

analyzed after one year of record. 

Analyze creek flow, production and groundwater levels at Big Beef Creek fishery. Since the Big 

Beef facility is a major user of the aquifer, arrangements should be made to exchange data and 

information between KPUD and the fishery. Collection of production and long-term water level 

• data at the fishery coupled with the USGS stream flow gage data is essential for the proper 

analysis of the Seabeck Aquifer System. 

• 

Install a stream gage on Seabeck Creek. The drainage basin of Seabeck Creek forms a large 

portion of the recharge area for the Seabeck Aquifer System. This fact makes the collection of 

long-term flow data on the creek an important part of the evaluation of the system. 

Drill and monitor an up-gradient monitoring well: A lack of nearby monitoring points up­

gradient of Well 3, would be corrected by drilling of a monitoring well in the southern half of 

Section 28 or the northern half of Sections 33 and 34. This well should target at least 100 feet 

below MSL. 

Robinson & Noble, Inc. 
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Figure 2. Seabeck Well 3 pre-test water levels. 
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Figure 3. Kitsap PUD #I Seabeck Well 3 drawdown. Average Q=584 gpm. 
SWL=371.91 below top of sounding tube. 
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Figure 5. Kitsap PUD #I Seabeck Well I (25N/IW-21P, AAA235, r~ 2,000 ft). 
Water levels from April 19 to September 16, 1994. 
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• • • 
Figure 6. Gua,·a Well (25N!I W-21 M, AAA232, r=3, I 00 1\). 
Water levels from May 9 to September 16, 1994. 
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Figure 8. Collier Well (25N/IW-21C, AAC547, r = 4,700 ft) 
Water levels from May 6to September 16, 1994. 
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• • • Fi!,'ure 9. Kitsap PUD #I Seabeck Well2 (25N/IW-22E, AAC799, r~5,600) 
Water levels from Aprill9 to September 16, 1994. 

228 -F=F.u..<jrcoo+mwiiiiiiiiiiiiiiiiiiiiii1 11111111111111111111J1 111111111111111111~111111111111111111111111111[1111 
I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 

229 . 
I I I I I I I I I I I I I I I I I I I I I 

--!--~--~--+--~--~--~-~--~--+--~--~--~-~--~--~--~--~--~-~--~--
1 I I I I I I I I I I I I I I I I I I I I 
I I I I I Well 31 I I I I I I I I I I I I 
I I I I I I .J. I I I I I I I I I I I I 
1 I I I I !Start-~' I I I I I I I I I I I I 
1 I I I I pil/94110:30 I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I 

I I I I I .J. I I I I I I I I I .I I I I I I 
_J _ ...1 _ _ _ L __ L __ I __ _j __ ...1 __ _l _ _ l_ __ L __ I ___ ! __ ...! __ _l _ _ l_ __ L __ L __ I __ ...1 __ 

I I I I I I I I I I I I I I I I 
230 

I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 
I I I I I I I I IW II~ I I I I 
I I I I I I I I e -, I I I I 
I I I I I I IShut-dpwn I I I I 
I I I I I I I I I I I I 18/1/9~[10:20 I I I I I 

--,-- ~- -~-- T- -~- -~--! --~- -~- -~--~- -~- -~- -~- -~--~- -~--231 
I I I I I I I I I I !.J. I I I I 
I I I I I I I I I I I 
I I I I I I I I 
I I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I I I I I I I I I I I 

--+-- __,_ -·~ --+ --- !---~ --1-- ~- -~ -· --1 -·-~--~--I -+--+--I---~ --1·-- __, __ -232 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I 

233 __ L_...l __ ...l __ _l __ l_ __ L __ L _ _j __ _j __ _l __ l_ __ L __ L _ _j __ _j __ _l __ l_ __ L __ L_~ __ _j __ 

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

234 - rmrrJTTmTf!nmyrrmpnmTmmrrrm~nnrrrmllTlliiiiiJIIIIIIJllTllTf!HnlfTTlnrpmnrn·rrnrrrrnTnm~mmpnmrmiTT 
a a '· '· ~· '· >. " c c c ~ '5 

~ ~ '5 ~ ~ "' "' ~ ~ ~ _, _, • • ~ " ~ " " " " " " " " ..., ..., 
~ /. /. 7 1 ,;. 7 7 <( <( 1 1 :+ '1 ~ 

" + 'i 'i N 0 

" + "" ~ ~ ..-\ ,;, N N M ;:; ~ N 
N N N 

Date 



• • Figure 10. Smith Well (25N/IW-22C, AAC809, r= 7,800 ft). 
Water levels !rom May 6to September 16, 1994. 
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• 
Figure II. 81g Beef Fisheries Test Hole 2 (25NII W-22, r= 8,200 ft) 
Water levels from April 25 to September 16, 1994. 
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Figure 12. Kitsap PUD #I Seabeck Well3 pumping test. 
Water levels in observation wells. From Aprill9 to Septemberl6, 1994 . 
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• • 
Figure 13. Big Beef Creek monthly mean flow of 5 cfs or less, from June 1969 to August 1994. 
Data from USGS station #12069550. 
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• • 
Figure 14. Big Beef Creek monthly minimum flow of5 cfs or less, from June 1969 to August 1994. 
Data from USGS station # 120G'J550. 
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• 
Figure 15. Cumulative departure from average yearly precipitation at Bremerton from 1969 to 1993. 
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• • • 
Figure 16. Distance vs. drawdown after 60 days of pumping Well 3 at an average of 584 gpm. 
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Figure 18. Historical water levels in Big Beef Test Hole 2 (Aquifer B). 
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ATTACHMENTS 

• 
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a%i.TER 
_..:.. MANAGEMENT 

·- LABORATORIES INC. 

1515 80th St. E. 
Tacoma, W A 98404 
531-3121 

• 

• 

August 31, 1994 

Robinson and Noble 
5915 Orchard Street West 
Tacoma, WA 98467 
Attn: Joel Purdy 

RE: correction of report dated 06-13-94. 

Dear sir: 

Results of analysis of one groundwater engineering sample taken by 
yourself on 06-02-94 at 11:30 a.m. and received 06-02-94 at 1:30 p.m. 
are as follows: 

SamJ;!le Identification: Kitsap Co PUD #1 
Seabeck Well #3 

TEST RESULT 

Arsenic less than 0.01 

Barium less than 0.25 

Bicarbonate* 55 

Cadmium less than 0.002 

Calcium 14 

Carbonate* 0 

Chloride 1 

Chromium less than 0.01 

Color* less than 5 

Copper less than 0.02 

Fluoride less than 0.2 

Iron less than 0.03 

Lead less than 0.002 

Magnesium 3 

Manganese less than 0.01 

Mercury less than 0.001 

Nitrate Nitrogen less than 0.2 

Potassium 0.1 

Selenium less than 0.005 



-----

Robinson & Noble, Inc. 
August 31, 1994 
Page 2 

TEST 

Silica 

Silver 

Sodium 

Specific Conductivity* 

pH* 

Sulfate 

Total Dissolved Solids 

Total Hardness* 

Turbidity* 

Zinc 

RESULT 

20 

less than 0.01 

4 

96 

7.9 

2 

59 

50 

0.4 

less than 0.1 

*All results are in milligrams per liter except color which is 
in color units, pH which is in pH units, specific conductivity 
which is in micro-mho per em, and turbidity which is in 
nephelometric turbidity units. Bicarbonate, carbonate and total 
hardness are in milligrams per liter as calcium carbonate. 

Lab Number: 89-17670 

Sample was analyzed according to Standard Methods for the Examination 
of Water and Wastewater, 18th Edition. 

Chain of Custody record is enclosed. 

:zly, 

/!1.1!.!!!~ 
Chemist 

GS:cmh 
enclosure 

c:\comm\R&N6-2b 

• 

• 

• 



a~TER 
MANAGEMENT -= LABORATORIES INC. 

1515 BOth St. E. 
Tacoma, W A 98404 
531-3121 

• 

• 

August 19, 1994 

Robinson and Noble 
5915 Orchard Street West 
Tacoma, WA 98467 
Attn: Joel Purdy 

Dear Sir: 

Results of analysis of one groundwater engineering sample taken by 
yourself on 08-01-94 at 10:10 a.m. and received 08-01-94. at 12:35 p.m. 
are as follows: 

sample Identification: 

TEST 

Arsenic 

Barium 

Bicarbonate* 

Cadmium 

Calcium 

* Carbonate 

Chloride 

Chromium 

Color* 

Copper 

Fluoride 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nitrate Nitrogen 

Potassium 

Selenium 

seabeck Well #3 
Well #3 
60 Day 

RESULT 

less than 0.01 

less than 0.25 

52 

less than 0.002 

15 

0 

1 

less than 0.01 

less than 5 

less than 0.02 

less than 0.2 

less than 0.03 

less than 0.002 

2 

less than 0.01 

less than 0.001 

less than 0.2 

0.2 

less than 0.005 



Robinson & Noble, Inc. 
August 19, 1994 
Page 2 

TEST 

Silica 

Silver 

Sodium 

Specific Conductivity* 
pH* 

Sulfate 

Total Dissolved Solids 

Total Hardness* 

Turbidity* 

Zinc 

less 

RESULT 

15 

than 0.01 

4 

103 

7.7 

2 

64 

48 

0.2 

0.4 

*All results are in milligrams per liter except color which is 
in color units, pH which is in pH units, specific conductivity 

• 

which is in micro-mho per em, and turbidity which is in • 
nephelometric turbidity units. Bicarbonate, carbonate and total 
hardness are in milligrams per liter as calcium carbonate. 

Lab Number: 89-18189 

Sample was analyzed according to Standard Methods for the Examination 
of Water and Wastewater, 18th Edition. 

Chain of Custody Record is enclosed. 

Sincerely, 

uAav0 c_Qw ~'if~~ 
Diane DuMond 
Lab Coordinator 

DD:jrc 
enclosure 

C:\COMM\R&NOS~I • 



WATER MANAGEMENT LABORATORIES, INC. 
1515 BOTH STREET EAST, TACOMA, WA 98404 

PHONE (206)531-3121 FAX (206)531-5287 
TIME 

TAKEN 

TAKEN BY 

(NAME) 

SAMPLE 

IDENTIFICATION 

*************** 
CHAIN OF CUSTODY 

*************** 
TEST 

REQUESTED 

-
TOTAl IREPmn To: __ _:;:..::.;.~=-----'~...!..::....!.::.-'--------l RELINQUISHED BY: ;.. ·~--

#OF Company Name: DATE: ---"''-;;><:::·_·_:1_:·_. _ __!_7_' '-_(L__TIME: i! .' 55>" 

CONTAINERS z __ 

REMARKS: 
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1.5 

Na + K 

Ca 

• Mg 

Fe+ Others 

• 

Stiff Diagram 

Kitsap PUD #1 
Seabeck Well 3 1-day sample 

CATIONS 
1.0 0.5 

em 

Silica = 20 
Labratory TDS= 59 

Labratory Conductivity= 96 

Anion/Cation ratio= 0.98 

0.5 
ANIONS 

1.0 1.5 

Cl 

so, 

N03 +Others 
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Stiff Diagram 

Kitsap PUD # 1 
Seabeck Well 3 60-day sample 

CATIONS 
1.0 0.5 

e m 

Silica = 15 
Labratory TDS= 64 

Labratory Conductivity= 103 

Anion/Cation ratio= 0.98 

0.5 
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1.0 1.5 

Cl 

HC03 
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I SIZEot ....... , .. .., ... " .. '"'*'*-------.._.., ______ ... lA. .. ,~ "'1-I<C ~ .... ,... • r (~%} u./._b,, i _'51~ ! "1.;/ 
_____ _...,...,. ..... _____ n.to _____ n. u <;, .P ._ ~ ''- -~ ' -~ , ~ 

____ _..,.,.,.,. """'----n.to ____ ll. • 1 <.'{A · /,_,/ ,_;/ ldv. < ,:; ~ .._ t:- i ":/ <1::, I <J I Z. 

I .n. " ..;,/.).... <;a,d'~, c;ral.>lf I tii:Z.'"'Z-1 

I 
~of MatiltQ anta ott I (7) ~UMP: ..... ,......,..,.....,. __ _..#'~',J-J.' /'A.._ _______ _ 

i 

.H.O . ' 
(81 WATER LEVELS: aDOYerMansaar..et 2-K( r- ~n.; ./o.· 

I Statte ,..,. '*4-'-• .S n. tMtow rop ot.-t Oat• 71 iJ.I /<?1 1-----------------------

I (9) WELL TESTS: D111waown •• amo~nt ••t• t...t ialower~ belOw ar,anc 1-.1 
w .. aQioHMIIe~maoa? Yea~ ,ou,i.......; lty ... trrwnom?(/wc•ll I j!_-.,-1..) 

Yi-'d: r 2 0 gal. 1 mHI. wrth e.J • ) tt. ar-...aown att• 
1 2=4 /'Ira. 

1_/.Jr """""'- _ .... zc..-22~.,_;.:.· ""'s" 
00~ 7'? 5.1 

;22'!.3 
;;uom 22.3. 5 
t32Qa 72r. o 

Data of teat ___ ...,.'-f-1 a3...:'-'~-'-'dl..""''+/..:'i'<..l<------
' ' ,. B&M«Htat ___ gaL. I men. With ___ tt. arawoown attar ___ hno. 

A•rtaat ---- ~aLlmtn.. wrth st~~m sal at ---- 11. tor----""'· 

.a.nalhan tlcw g,p,m. Data---=---:--

1 Temoaratuteotwat.,.~ Waaacnemu:alanalyS~amaa•? Yes~ 
CY':~·I·20 (IOI!n .C:;!2"9- ~ l 

NoL-

. 19. ,.:t.L 

VVE!.l. CONSTRUCTOR CfRTJFICA TJON: 
! constructed ana I or accept rasoonStbility tor construction of tnis well. 
ana its compliance with aU Washington well construcnon stanaarcs. 
Matenals used and the information reoortec aoove are m.1e 10 my best 
knowtecge and belief. 

Address ________________________________________ ___ 

{Signea) ___ --::=c-:::==----~icense No. _____ _ 
lWEU. ORtt..I.ER) 

Contractor· s 
Reo•stratton No. ________ _ Date _________ . t9-

(USE 400/TIONAL SHE::TS "F NEC:=SSARY) 



I 
I 

1 

Rio Oriqinaj and Am Co9Y wdit 
Oepan::rnent of Ecoloqy 

Soc ones Coay-. Owner' • Coay 
Third Cocav- Orillef"' I Copy 

WATER WELL REPORT 
STATE OF WASHINGTON 

St.-t: C.-d No.:----;"-;;-""""'--
U~ W .. IO • A]I_A9 9 Q 
w----.Gl.-25894 

12! LOCATION OF WEiJ., c"""":-:-•K,....i'"'t""s=a,.p,._ _______ _ 
(2al S'"i"rtEET ACORESS OF W8.1. lor....-

__.N,_,E..__,_-"NW,_,__., s- 2 8 ~_..,2"'5"---'"-·. l w 

131 PROPOSED USE: Ooom-oc 
0 lrriQnon 

----~======~====~~~~~====~~==~~==~~~~~~~~~~~~l---P~E'4~ED ~¥ 
":iolit. W• Putao'{ 

'.V,Jwt. 

161 CONSTRUCTION DETAILS: 

_,l;-;6~-· 01-. -·-"-?.;;-;;r-- ~.,IA.IifO"oo ~IU06&.£ 1 &/'I(_ -+-'!:--+~2.._-

16 Olam_,_. 0A.I~,..J.fl+l,. SllT/'tlt:r:J 
• Dt.m. trorn By O;zJu..c;,z. 

.li( Yoa 

Scraene; .Z. Yea 0 Na 

......... acu.w'. N- Johnson 

Je 
1 

,,.. stainless, w1re ~-·~----,.,..,--
m~ 10 PS ,.._ 50 •- 576 a-.. _____ _ 

J 

1 

l 

,_ ·------"'" ......... ------·~·-------'-
____ ..;·•AtM. ---------·"1'. , .. _____ ,~ 

~- ---'7~-----'·- -·-----------~.9 --- o• ---=-..:....._·..,··-- _......, Jit Y• a ... 

WELL CONSTRUCTOR CERTlFICATION: 

I ~ ..aJo# - : Lllllbiih for CCirWINiriiOn of 'l:ta ....._ ana tm cam.-ca ...,., -' 
W.•uo....,: ~~ .-. ........... .....,. ..a a-:mar-- r.oomool --.,. u..-
a.my-.~--~-

Addroool0621. Todd Rd Puyallup 98372 

(Signad) __ ~~tr:llmmn------'Uconse No. ________ _ 
.Wttt JklCUAJ 

Contractor's 
Registration 
No •. __________ _ 

Dot•----~ :9 



File Onginal and Flr.;.t Copy with 
Department at Ecology 
Second Copy- Owner's Copy · 
'Th..ird Copy- DnUer's Copy 

(1) OWNER: Nam 

175f6!7 !2.2- 'fOJ3 (f 
_WATER WELL. REPORT-. Application No.-------

STATE OF WASHINGTON lfc 5'.35~, No. - .• : --------

.(2) LOCATION OF WELL: 
3eanr:g and distance from sec:!on or subc:l-..·tsion corner 

• 

• 

I)) PROPOSED USE: ::lomesuc J1' Industrial 0 
!:::gation G. Test Well 0 

:-.iurucipal 0 

Other 0 

1~) TYPE OF WORK: ._~wr:e:-'s number of. well 
( :i =-::ore than one) ...................................... _ .. 

:-:ew well -,t. ~ethod: Dug O Bored C 

Dee?ened :_.1 Cable A. Dnve!l C 
Reconci:.:.o~e(i '-' Rotary 0 jetted CJ 

(5) :Jiameter of. well ............ ~inches. 
!)ept."l at completed weiL/..J.-1---•t. 

DIMENSIONS: 

Dnll«LfJ9-·--·"· 

(10) WELL LOG: 
For.:'lation: Descr:.be by color. character. Z"'.:e of ~ater...a! c:nC s:r...r.c::.:re. ;::­
show thickness of aqu1ters and. :h.e ;.;;1nd and. :"111t!Lre ot ~he ":r..::~cr:.:rL :~ -::::: · 
strcrum ;::~encrra:cd. wah at !east one entry JoT cact'l =.'I.Qngc or .:om::::.:-. 

. =~ 7")>-~ 

I, 4 
! 

.c 

u 

J~ 
-- -

(6) CONSTRUCTION DETAILS: /b-od
1
.b-<= ]2 ' : t.-- -

' 
Casing installed:··----'' Diam. tram -·-·--- tt. to ----- !t. ~; 1 

11 ~''pP7~~--~~.~~-~-------LL---~~~~-Threaded 0 ··--i/·-" ::liam. from ··-·· .. -··· ft. to -r"'l··-- tt. -/ 
(f:,_; /"'--

Welded ljt.. --:J __ .. Diam. !rom __ _Q __ ft. to / . ...,.'j.. ft. f"'.L..:!!:.,-:Z,.,_/_>iJ!...LO::/l~~=./!..::-::·C<:;Z.:,:>:!;~.Z:!~<t:.-----L::.:::...;.....L.:=..~ 
Perforations: Yes c ~a ¢.... 

' 
(0.:. ;.; (... 

Type of. perforator used----------·---·--·--­

SIZE ot ;luioratOons ·-·----- 10. by ···------··-·- m. 

----.. ·- ;lerforations from --·---- tt. to ·----·-· ft. 

pertoranons !.-om ----- ft. to -----· ft. 
------·-· ;:~er:forac.ons !:-om ·-··--.. --- ft. to __ .. _____ .... _ :t. 

Screens: Yes.,:. "0 G n / 
:S!anuf.ac~s ~aJ!l.e .. :Jkt~-------_---· 
Type .. ~-·-·---- Nlodel No _______ _ 

Diam . .. .:::?._ Slot s~..=e ... ~.g-. !rom .1~ .. 9.. ft. to ...J..J. .. LJ .it. 
Diam .... -?.:..-.. Slo' '~ . ../.<;.;.- !rom ../.3-Jj. lC to .. fd'-"j <L 

Gravel packed: Yes G ~o ~ Slze of gravel: ·----·---

Gravel placed from -·------ :ft. to -------·- it. 

Suriace seal: Yes ]1.... !(o q., T~ de?~? . ..4.~- ft. 

:Mater:ial used in seaL. ...... ~.-- .. ------
Did any strata con!a.tn unusable water? Yes 0 No~ 

Type o! water?.. ... ___ .... --- Depth ot strata-------· 
Method ot sealing nr:lta od" ...... __ .... ____ .... _ .. _ .. _,. _____ _ 

(7) PUMP: !4anufacturen >lam•--·-·-----·--

Type: .. -----·---.. - .. --------.. HP ...... --.. --·-· 

il ,_ ,, - i'u ~ :%.." 

i \ J. ,, a;;;;;;:47 

h. ,L ,, - z;;;z;;; 
._ ,L " - #; .;;:;¢-/ 

b.t-/?.y, .... d<l:;L::o? 
, _..,.:z::: 

c~ .. ,V 

! (u v' (..;. ~,/ 

I i" r 
' 
II ..;; 

I 

' II"' it '-' 

' 
II 'i' I I < 

~ 

(! S""' IJ ' 

d/• -
' 

--

(8) WATER LEVELS: ~_;;s;:re.:;_e,;:;r~:e ... :29..75_~ ~~-~~-'-n _____________ ...c.'..ci.c.•'..;t-~:--_'..;l_:.:i~:;-~:.::.: /, ___ _ 
Stat1c level .. -:J. .. Y--··---.!t. below top otwell DateJ. . .-:::...[7-:::_.,:;._7 ::;..,::; _,_. -· I 

:\rtestan pressure ----·--··-·--.!bs. per square inch Date ............ - ... --.. ····-

ArteSJ.an water is controlled bY.--------·--·-·---...... _ ............. 1 

191 WELL TESTS: 
',\'as ,.;: ;:;-:.::np ::est made? Yes ·= 

.;al.Jr.un. ·.vtth 

(Cap, valve. etC.J 

:Jrawd.own ts amount water level is 
:owerea below stauc !evel 

:-Io :P...,!!. :~es. by whom? .......... . 
H c.rawdown atter :::-s. 

R.ecove:-~· ::iatc:a l time :aken as =~:-o ?.':len ;::~wnp tu.meo orf) 'wate:- !eve! 
::-.e3SW"ea !rom well :op to · .•. .-ater :evelJ 

:-:::":e ~Vater L.at:e! : :-;me ;t,·c:cr :..eveL I Time :t•at.:-r .:..;vet 

:>ate "Jf ;est ·--... - ........................ 7 .... ......... i-' 
3:iJie:- :~tG:::,.Q_ .... gal./mm. '-",t!l,_.U?..? ..... .:t. dr~wdown lite:-.. .. .. ::!"S. 

\!"!.t.'~z::. :low. ______ ..... - ................. &.;J.:n. ::late ......... .. 

:'.!~~:-::J.ture at wate:-.. __ ... '.V~ a c:.em1c:~ analys1s :naae? Yes C: ~:a~ · ·--"• 

·.vork startec.r.~ .. -~ .. !9.£7 Comou::ted'.~4. ... f..J .. :9£..-

WELL DRILLER'S STATEME.'1T: 

:'his we!l was drilled :meier :r:y jurisdiction anci this :-epor: :; 
:~:.:.e ~o the besr of :r:.y :.;.o.owleci.ge and belief. 

-::::-; _, ' 
J-



J 

(1) OWNER: Nam 

a 2 l · coan,y·-e:~ '¥-"--'-~-____::...::-->S.Lk.t!::_:'if-'-' 
-ear:.:::.g and ;!!sbnce !rom section or subdlvision corr.u 

(3) PROPOSED USE: D~me:stic )g._- Industrial D 
Irrigation D Test Well 0 

( 4) TYl'E OF WORK; o~er·s number ot weu ______ _ 
{L! ~re than one) •..• 

· !iew wt!ll ~ Method: Du&' 0 

Dee?e.ued o c.o~>te A 
B.eoca.nd.itioned 0 R.otary a 

Bored 0 
Drlvm 0 
Jetted 0 

(5) DL.!tE...,.SIONS: Dlamcter of well __.?__.__ inches. 

Dept.b. ot completed well ? 0 / ·ft.. 

(6) 

• 

Drill·. 7n I ..,__,_,..._/ 
CONSTRUCTION DETAILS: . 

Casing install~ _K_;. ntam. <rom _Q_ "' ,.:l..11 ft. 

'Thr'eaded 0 ---· Dtam. from --- :tt. to --- ft. 
Welded Jq .. Dtam. trom ft. to tt. 

Perforations: Yes a No.2!-
Type o! porforator we<L-----------'--
SIZE ot :pe.rtorationa ----- in. by ------ ln. 
----- pertoratioz15 tram tt. to ft. 

---- ;>erlorati=o tram ft. to ft. 
peri'oratioc:a: t:rom !t. to It, 

Screens: Yes}(.. .No o~· . 
~~~~h~-----»'-
~ . ~ Model N'D·--,.--,.--

f>U=. ~ Slat - ..£}.._ from .2!LJ_ It. to .JEJ_ ft. 
Dl.a.J:n. Slot ai%e - !rOm tt. to --- !L 

Gr:lvel packed: Yes o 
Gravel placed. :tram 

No~ Size ot crave!:-----
ft. to ft. 

(10) WELL LOG: . 

Fotr.tat1on: DesCT'ibe by color, chaTCeter. size of material a.nd .structuTe, .=:-: 
show th.\c~.$3 of aqwfen and the lcmd. IVId not""'" of the matn"Ull in.e:::= 
st1'11tUm penetrated, with at lea.s: orte ~mt:rv tor ec.clt change of t0'1T.U:.!~-

><A TERrAL -, FRO!d i :'0 

lh.J>-r- ._,, ~,g.. 
(}1 

I, ,, tL2 ~ 
I 
I .2. 7 1 Jo 

II '• ;L'L.2 0~&-

" /I !k-2 ~ 

I I 

I I 
I .s-.2. I I C 
I I ,, lzs L2l'f ,, 
I I 

I I 

I I 
l.?o• I Jo, 

1--. 

. - -; ~ . 
-- - -

Suriace seal: Yes ;a_ No a To= '!P9>' --'1~11-'- tt. . / 

~t~~m "2
1 ~e ~ ---------------------+---~----

Dld any scrata contain unusable wuert Yes 0 No ~ ! 
Type at .,., .... ________ Depth of ..,.,.,u______ I ! 
>~ethod at sea11Dc :rtrata -· I 

(7) p~::.lan,J:'l;'s N•m• a :z; __ g_;p_r.,_..- l 
'~--~~~~-------------------+~-+1 __ _ 

(8) WATER LEVELS: ~.:':::=•_:"'f:vu;:~ ... . )slprJ. .> '~..;·o.--;·=--------------------+----+1--­
sbt:tc level I 1 g ,. :t. belDw top of well D•••f-Ol'/") ·7 C:?'_.'1.._ _ _,..------------f---+l_.:__ 
Arte.sian pressure P -- • per square inch Date 

1 1 
..., j 

.utesian .,...,. i:l controUed by<---~------- I I 
(Cap, valve, etc.) 

(9) 'W'ELL TESTS: Drawdown is amount water :evel f3 
lowered below staoc levf!l ~-. -·x_-J 

WOlS a pump test :n.adef YesP..,. ::-to CJ :f Yl!3, by whom? .. })~-· 
Yield: · gal./min. W1th ~- dr:awaown af:e: hn. 

--·---··' ··---- -
.c----·-··--·~ 

I I 
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K!TSAP PUD PAG:: 05 

• 

• 

WATE.R WELL REPORT 
S7ATE CFWASHINGiCN 

(j) OWN E.=!:: _._,., June 98380 

t..CC-"7iON of' we..!....; co...... ___ ·::';::ic::;;s:;a::..:Q~----------------- . UE. .,., ~rw 11•.544' 2l "· 2.: 'f..~ :.:"~· . ...,...,_ -----
~:.a1 S7MEEi ACORESS CFW~;<7-~• Lot 10 .~ ll Seabee;<. :=..•.rv ~. 'ri. ( 13160 Seabeck :hrv :f. :.1. ~ 

\51 

(6j 

:~!=!OPCSC.O USC: ~eo...... 
::_ :tnQccn 
:::c.~ 

o--.!1~01 ...... -rtl'E CF 'IICRK; 
\II tnme tf\1il'l c;n••-------------•:. N._...- .... 

o.e.o.n~ ·:: 
~ecJOI'1QUIQI,.-1 C 

~tMe.'lSICHS: 
67 

01~• m.,.... ____ ._ ____ ~--- ~I'\Ct'l1tt. 

,_ o- "'""""',.. -· 6 i '· 

CONS1'lllJC';lON CE1'.>ti.S' 

Caamq inauuec~: 6 

il\re-*:1 
~ :lam. U!)m "" ' c.. 

....... ·ll 
l..inw -m~~.a. 

P•f'1'arlltiOM: '1000 14o~ 

Type ai l*fO/USt 1.IMQ 

Sr.tS Ol ~ID"IS .... .., 
" ....,._,_ 

"" .. ,...,....,.. .... ,.,. ,. 
_..,.,..,. .... ~~~~ T. -.. ""~ Hot_; 

~~'1Nam• ~·onnson ,_ 
stainless s-t:ee.l .._ .... 

own.. -L 5kM: ~ 10 - 6Z ... ,. 67 ' own. __ Sial•iD - .'t. :a .... 

Gnlv•l~: -o ,..,,]l -.. ...-a..--- .'t. :0 ' 
Sunac;a ••u -a NQ~ ~0 Wftll: OllgUT'j' ~ ~ ,. 
!.tialaMI UMO In ual Bentwr;""-: 
!J1d Shf .... contiDn ~ ...-~ ~w ... G 
)'yplar~ :loolnol ..... 

.\t4tl)Qd Of ~ !lM!la a:t 

., 

.. .P. -· .:. 

WA~-ll L..CVE!..S: '-"'-- "0 ?'VO ;ft.:;-il:fll'l•m--...- ' . t. 
StaDG.,. il! ~ ,....~,{... ...... •.:...100es ...... ~- _ .... , :..u1 
M....,.CI'...,_ _; - ~#SIN'Ifeii"CS' :l:llt ..:..J/..!..l..'/ 'j.J 

~ ....... ~a~::"' _....;:"':a,_,c_ ____ ~-----
~-.~ ... =.~ 

-~$1) W'EL.!..i"C:STS! ~~~~;;.~-•lf'...,..'•IQ'IINif.ao.vw~"tc:~ 

wu.~~~~01Htmaa~~l ...._;::; -~~~.--· h..,~'l"''f''fft, ,;re:gna:: 
~: .:. JaL.ill'tln • ......., - ·-~ ~ ..:. '--o~. 

M-=o,..., Cl.ta(ntr'le tu.en aa :o..nJ_.., OUIT!O r.Jr:'.:J o.n (" .... .._. ,,_rrw.aur"" m:wl'l­
~=a I"CC-tllt' ,_, 

~~ 'N•t~~tu-.... 
?'•JJ.- :'SCOV. ' .... -'-··· -----

3.al.lef ~ _;:a,l./iT'Itrt, ,....Q"' ----- '. ==~· ~."';ifl' ---- ·-. 

~n.st ,;:~~..•m"•- _,,.. ~·<!o<'l"' !>!11: 

----··· ·._:::1 
--~-.---

I 

I 

~Uoon: ·:fterl'Oof #n C:::IQt. ~. "'• 01' ,....,. ..,... ~e. MG ,_ c.CIIIl.-. C1 ~'" 
&IIIG ltlw .tJrOO ttiQ ~Of N l'l"ta11oo\U.., ~ ru:m.ln'l ~~..til ;a .. UI ens,_ ~Ot lac': 

:l"n.ttee•o'I~IIOI\. ¥QY 1 i Y9! 

' 
• :rovn overoura.en JE '"b2LGSY 

I J 

3r:nm 

! i 

i i 

I I 

i 
I 

I . . 
i 

i 
i 

I I 
I ! 
I I 
i I 
I I 

I ! 

I i 
! ! 
! i 
I ! 

:t_ 

==~::"-"C':IM! .o:.....a/01 ~ .-~Jitf' 'or ~ ot tnl ·..ett. J.nd '~ 
;crr.c::~ana W~~n ~~ W~,lt')(f.cn welt aJrtS!o .. .::=M ~ .~anma usee ,u~c 
."':e •r.~e.~can :eoonea accve arw tnJtlO ~ oaa!C.n~• ana Orel•*'· 

-4 -.~.o~ e _:.:~•..:~::":.n::· =::::::..~·<~e~.!.;:.;:· ,.;J~r;;:.;;· ;;';;;'~';;"~'"l!,..-...,,...,.,,...,----A:u::a:t ... &ZIIIIc:eAiSiSClG' ,':'i'R&P#UM 

or.:~~ :;-:OS. "l_ ~· _ :..akaness ~d .. ?oulsbo 98370 

,._ 



·-- .:.._.·:... ____ · ... • .. -· .;:; .. ·--

Flle Orlgtnal .;md nrst Copy with 
o~panmtent ot Ecology 
Second CoPY-Owner's Copy 
Third Copy- Driller's Cnpy 

WATER WELL REPORT 
£_{,.__ STATE OF WASBINGTON 

.;z 7" 0 b¥ __:;. -<::2. c:_ 
AOplicatloD No. -----

OWNER: 

LOCATION OF WELL: c~~------~K~tsaP 
ae.a:-inl( and cilst.2nee from see:Uon or subdlvU.fon comer 

(J) PROPOSED USE: Domestic ~ Industrial 0 Municloal 0 
Irrigation 0 Tes1: Well 0 Other D 

(4) TYPE OF WORK: Owner's number of '"'11 
Uf more than one• ..•• ------

New ...U ~ """"od: Due 0 · Bond 0 
Deepened 0 cable 0 DriveD 0 
ReamditlaDed 0 Botu7 0 1otted 0 

(5) DIMENSigg&. 
DrlllM L tt. 

(6) CONSTRUCTION DETAILS: 

Casing installed: ---6...- Illam. l=D __Q_ tL to ~ ft. 

Thnadod = ---· ,...._....., --·- ft. to --- ft. 
Welded.O ----· Illam. tram ----ft. to --- tt. 

Perforati~ y,. o No 1% 
'lWe"' _ ..... _.._ ___________ _,.. 

="'------!D. b7 -----!D. 
---- pedo rtms m.a ---- ft. to ft. 

---- ........ , ..... ------- ft. to ft. 
;ectuc?dms tmm ft. to ft. 

Screens: y.,._ ~- No a 
~--"..,.. Jah'lson 
~J.ess Stae.!. · ""'--,,..,.,,......-
Diam. ___ o_ s:.;c.,.. ~....., ~ tL to :I& :c. 
Dlam. ---SlDL--------ft. to --ft. 

Gravel pad<.ed: Yes 0 No o Size o1 --= ----
ft.IO 

Surface seal: Ya 3 No 0 To wbat \lePdlf 18 · ·' tt. 
MoterW mat !"- , .. , Bento,.n,.,l"--l<:tee,._ ____ _ 
Old. iUlJ' strata. C'ODUiD tzmneN• wUer1' Tel CJ No 0 
ToPe at- Depth· o1 _...._ ___ _ 

Method o1 - """'" -

(7) PUMP: ............... , N"""'-------------
'l»e: IU' . 

(8) WATER LEVELS: Land .. ....,... ..... .._ , B . aboVe m...n au ltrftl..... J1: 
Static level . ___ 1,.1 ______ .._ below top of we!l ,...._LJ-£G=_~ 
Artesian pressure --l'bs. per squan iDcb. o ... ..__ ___ _ 

Artesian water i..s controlled by·---,=__,=,......=--­
(Cap. valve, e-te_) 

(9) WELL TESTS: 
w~ a pump t~:St made? Yes 0 
Yield: (aL/O"UJl, wah 

D.rawdown is amoun' water level 1s 
lowered below sta'tie !e-veJ 

~0 a U yes, by Wb.om?.·-··------· 
!t. drawdown aLter hrs. 

(10) WELL LOG: ;;$- \ vJ - H c._ 
·rormatiou: Describe bv color, ~ • .riz"e of materiaL anct .structu~. and 
.mow tmc:Jm:eu of aqwfeTS and tl\a .iciD.d and -n.a.tunr ot the m.aterict in. each. 
4mtum pe-n..-tTGt/M. urith lit tca.n O'fta mC7"U' /0'1' ccch e.lumge orfarnuuian-

MATERIAL FROM TO 

Brown sand .. gravel c:~ay u )V 

Brown ·c:iav jU 1<! 
Brown sandY clay I 32 I 40 

sand !!:ravel clay 40 9~ -Yellow brown claY. some -
~n"avels 98 105 

w 

sand s:ravel clav 105 12) 
sand .!lravel clay 
brown sand =avel 

123 1oo 

. 

To top of packer 146 f~. 28 
#.020 pllstic well screkin I 
S~'!'"t'!en overall. 1_2_ ft. ill inJ 
Six in. easiruz 1'50th '5 1/8 n. 

·,. head 118 ft. 8 ih. 

20 G .P .. M. 120 ft. 
tiL ft. ce seal 

- t!.:·u I II 
II \\ I r! 

\'.;- - - '"'""T 

l.no 

Work stanee2.Q_AlJ:r::i.J_ ,._8_4. eom,... .. 23 AD.l:il_ 19 81} 
WELL DRILLER'S STATEMENT: 

This well was drilled under my jurisdiction and this report is 
true to the best ot my knowledge and belief. 
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APPENDIXC Well data base used lor potentlomet~c surface map (Figure 14) of the Seabeck Aquifer System 

SITEID LOCAL NO LATITUDE LONGITUDE WTRLVL ELEV. WLELV LOCAL_NAME DPTH_W DPTH_H Q/s 

AAA469 24N/01W.03A03 473614. 1224650. 2n.00 420.00 143 PRIVATE CRAMER 358.00 358.00 0.78 

AAA645 24N/01W.Q3A04 473611. 1224646. 263.55 409.00 146 PRIVATE JOHNSON 300.00 0.00 
473612122470301 24N/01W.Q3G01 4736t2.000 t224703.000 3t5.00 460.00 t45 DAHL 498.00 502.00 0.47 
473536t225t440t 24NIOtW.Q6NOt 473538.000 t225t44.000 292.00 450.00 t58 326.00 326.00 

AAB603 25NIOtW-t3D02 473955. t224506. 36.00 76.00 40 GROUP B BOCK, RARICK, SHERMAN t64.00 t64.00 

AAA260 25NIOtW-t3F02 47394t. t224445. t82.50 261.00 79 PUBLIC WELL CADY ANDERSON HILL W.S. 2t5.00 2t5.00 
473934t2244300t 25NIOtW-t3GOt 473929.000 t224435.000 261.00 340.00 79 HARBOR GREENWOOD WATER SYSTEM 3t0.00 3t0.00 o.n 
AAC723 25NIOtW-t3K04 473927.64 t22443t.98 295.00 370.00 75 GROUP B HARVCO WATER (TURNER) 312.00 3t2.00 t7 
AAB529 25NIOtW-t3K05 473923. t224436. 298.00 36t.OO 63 PRIVATE BONI 357.00 357.00 t5 
473945t2245400t 2SN/Ot W-t4B0t 473942.000 t224548.000 230.00 260.00 30 LOC ON DEETERS OVERLAYS- STIRRETI 501.00 501.00 0.05 
473942t2246020t 25NIOtW-t4COt 473942.000 t22460t.OOO t 00.00 ttO.OO 20 BATIIN 339.00 339.00 0.32 
AAB267 25NIOtW-t4C04 473940. t2246t0. 40.00 65.00 25 PRIVATE GREEN 198.00 t98.00 0.5 
473938t2246220t 25NIOtW-t4EOt 473938.000 t224622.000 -7.00 tS.OO 22 WELL3 t49.00 t49.00 24.62 
473932t22462t0t 25N/OtW-14E03 473932.000 t224621.000 36.00 40.00 24 WILKOWSKI 72.00 
473934t2246200t 25NIOtW-t4EOS 473934.000 t224620.000 0.00 20.00 20 WADE 200.00 
473934t2246t70t 25N101W-t4E06 473934.000 t224617.000 t.OO 20.00 t9 90.00 
473939t2245530t 25N/OtW-t4GOt 473939.000 1224553.000 t90.00 220.00 30 HOLLINGSWORTH 53t.OO 53t.OO s· 
AAA878 25NIOtW-t4LOt 473924. t224557. 2t2.00 254.00 42 PRIVATE GASS 538.00 538.00 0.23 
473922t2246260t 25N/OtW-t4MOt 473922.000 t224628.000 55.00 too.oo 45 HUBBELL 70.00 0.8 
4739t9t2246260t 2SN/OtW-t4M02 4739t9.000 t224626.000 50.00 95.00 45 SANFORD 94.00 0.9 
473926t2246320t 25NIOtW-t4M03 473926.000 t224632.000 39.00 80.00 4t GREER 69.00 
AAA59t 2SN/OtW-t4N03 473904. t224626. t35.6t t83.00 48 PRIVATE REED 0.00 0.00 
AAA069 25NIOtW-tSH06 473930. t224637. t3.00 20.00 7 PRIVATE LAMBERT 48.00 48.00 t.OB 
473925t22484802 2SN/OtW-tSJ02 473925.000 t224646.000 2.00 10.00 8 PROHASKA 57.00 
4739t6t22470402 25N10t W-t SK02 4739t6.000 t224704.000 42.00 50.00 8 SALO 87.00 0.65 
473920t2247280t 25NIOtW-tSLOt 473920.000 t22472B.OOO 0.00 tO.OO tO LIND tt9.00 tt9.00 0.26 
4739t9t22473t0t 25NIOtW-tSL02 4739t9.000 t224731.000 6.50 tO.OO 3.5 SCHONING t32.00 t32.00 2.45 
AAA993 25N/Ot W-t SL03 473923. t2247t2. 2t.76 40.00 tB GROUP B HUTCHINS/SPALDING t10.00 ttO.OO 0.4 
473927t2246450t 2SN/01W-tSMOt 473927. t224645. .0.23 tO.OO tO PRIVATE STUBER 0.00 0.00 3.5 
473903t2246500t 25NIOtW-tSROt 473903. t224650. 6.40 20.00 t3 PRIVATE GEORGE Bt.OO 81.00 
473906t2246460t 2SNIOtW-tSR02 473906. 1224646. ~.90 t5.00 22 PRIVATE GEORGE 98.00 98.00 
AAA33t 25NIOtW-t6ROt 473905. t2248t0. 48.63 93.00 44 PRIVATE IRONS tOO.OO tOO.OO t 
AAA802 2SN/OtW-t6R03 473908. t224748. t24.00 t60.00 36 PRIVATE HOCKETI t64.00 t64.00 2.88 
473906t2250060t 25N/Ot W-t7NOt 473906.000 t225006.000 t.OO tO.OO 9 MIAMI BEACH RES. t90.00 
473902t2249500t 2SNIOtW-t7POt 473902.000 t224950.000 35.00 40.00 5 BERG 72.00 
AAA805 25N/OtW-t7P03 47390t. t225003. 50.00 73.00 23 PRIVATE KINNEY 80.00 60.00 5 
47390tt2250300t 25N/OtW-t8ROt 473902.000 t22503t.OOO 28.00 40.00 t4 DUPAR CAMP SCENIC BEACH 30.90 75.00 
473852t2250460t 25NIOtW-t9B02 473652.000 t225046.000 60.00 70.00 tO STATE PARK 2t6.00 3.6 
AAC043 25N101 W-t9J02 473824. 122504t. 223.00 266.00 43 PRIVATE ROBBECKE 263.00 263.00 3 
AAB562 25N/01W-t9LOt 473829.00 t225tt8.00 63.50 90.00 27 PRIVATE LEWIS t38.00 t38.00 
473823t225t220t 25N/OtW-t9MOt 473823.000 t225t22.000 52.80 60.00 7 CUNNINGHAM 55.00 
4738t6t225t270t 25NIOtW-t9NOt 4738t6.000 t225t27.000 32.00 40.00 8 SWANSON 33.00 
4738t8t2250400t 25NIOtW-t9ROt 4738t7.000 t225043.000 249.00 290.00 4t MARTIN 300.00 300.00 5 
473854t2249580t 25N/OtW-20COt 473854.000 t224958.000 49.00 60.00 tt BASKETI 89.00 t.4 
473858t2250000t 25NIOtW-20C02 473858.000 t225000.000 74.00 60.00 6 STUART WATER t24.00 t25.00 0.47 
473942t2250t60t 25NIOtW-20EOt 473942.000 t2250t6.000 6t.OO 60.00 t9 TOBACCO t01.00 3.33 
473644t2250000t 25NIOtW-20FOt 473844.000 t225000.000 t5.00 20.00 5 HILFIKER 78.00 2.67 
473830t2250tt0t 25NIOtW-20MOt 473830.000 t2250tt.OOO 7.00 40.00 33 KEELER t9.00 
AAA804 25N/OtW-20M02 473822. t225017. 13.00 37.00 24 PRIVATE JETER 82.00 82.00 0.44 
AAC852 25N/Ot W-20QOt 473658 t2247t6 34.00 75.00 4t SEABECK CONFERENCE CENTER t39 t39 t 

AAC547 2SN/OtW-2tCOt 473847.09 t224840.29 -a.oo 40.00 48 PRIVATE COLLIER 67.00 67.00 0.7 
473645t2248500t 25NIOtW-2tEOt 473845.000 t224850.000 4.00 40.00 36 BOYCE 46.00 
47394tt2248530t 2SN/OtW-2t E03 47364t.OOO t224853.000 2.50 40.00 37 VAMVAS 84.00 85.00 t.74 
473844t2248400t 25NIOtW-2tFOt 473844. t224840. 24.t5 70.00 46 PRIVATE MUNGER 57.00 0.00 
473835t2249070t 25NIOtW-2tMOt 473835.000 t224907.000 t.OO 40.00 39 SNEDT 53.00 
AAA232 2SNIOtW-2t M02 47383t. t224855. 20t.OO 239.00 38 PRIVATE PAC. SOUND RES. (WYCHOFF) 30t.OO 30t.OO t 
AAA235 25NIOtW-2t POt 47382t.23 t224650.29 270.30 329.00 58 KPUD SEABECK WELL t 470.00 649.00 3.2 
4738t8t2247540t 2SNIOtW-2t ROt 4738t8.000 t224754.000 250.00 300.00 SO SCHLEHUBER 279.00 0.4 
AAAOOS 25N/01 W-22A07 473850. t224650. -5.00 33.00 38 UW BIG BEEF TEST HOLE 2 UPPER 220.00 301.00 tS 
AAC809 25N/Ot W-22C02 473858.000 t2247t6.000 t20 t41 2t SMITH monitoring well t66 166 10 
AAC799 25N/OtW-22E02 473947.53 t224738.8B 226.50 269.00 40 KPUD SEABECK TEST WELL 2 364.00 500.00 33.8 
AAC690 25N/Ot W-22F02 473642.09 1224719.8t 205.00 255.00 50 PRIVATE KASSON 286.00 286.00 
473837t2247tt0t 2SNIOtW-22GOt 473837.000 t224711.000 t99.00 240.00 4t ADAMS 235.00 235.00 
473824t2247260t 25N/01W-22L02 473824.000 t224728.000 225.00 280.00 55 BROWN 339.00 339.00 2.77 
AAA2B7 25NIOtW-23B02 473900. 1224537.8 340.00 395.00 55 PRIVATE SMITH 492.00 492.00 6 
47385t12244230t 25N/OtW-24BOt 47385t.OOO t224423.000 272.00 350.00 78 294.00 294.00 
47385tt2244320t 25N/OtW-24B02 47385t.OOO 1224432.000 27 4.00 350.00 76 3tt.OO 3tt.OO 
473859t2244320t 25NI0t W-24B03 473859.000 t224432.000 287.00 350.00 63 TUDAROWS 3t7.00 3t7.00 25 

25NIOtW-25EOt 473748.000 t2245t7.000 432.00 502.00 70 KPUD NEW TEST WELL@ SCH 63t.OO 63t 6 
AAB54t 25NIOtW-27A03 473759.82 t224642.40 450.00 503.00 53 PRIVATE SHANKLE CONSTRUCTION 517.00 517.00 0.62 
AAC484 25N/Ot W-27 AOS 47380t.30 t224848.59 434.00 495.00 Bt GROUP B BYE WATER SYSTEM 474.00 474.00 20 
AAC709 25N/Ot W-28AOt 473800.40 t22480t.79 332.00 4tO.OO 78 GROUP 8 BLACK BEAR WATER SYSTEM 383.00 383.00 2.7 
AAA990 25NIOtW-28COt 473803. t224838. 366.60 440.00 7t KPUD SEABECK PRODUCTION WELL 3 622.10 630.00 10 
473726t2249360t 25N/OtW-29QOt 473726.000 t224938.000 227.00 3tO.OO 83 MORGENSON 287.00 287.00 1.33 
473742t2250490t 25N/OtW-30GOt 473742.000 t225049.000 3t4.00 380.00 66 HAWKINS 419.00 419.00 3 
AAA875 25N/Ot W-30H03 473758. t225033. 263.00 308.00 45 PRIVATE DLUGOSH 330.00 330.00 0.48 
AAC5t8 25N101W-30H04 47374t.32 t225039.34 252.00 323.00 it PRIVATE Ei'iLOt: 318.00 3t8.00 0.44 
47374112250500t 25N101W-30K01 47374t.OOO t225050.000 3t 0.00 370.00. 60 RAYBURN 304.00 374.00 2.5 
AAA206 25N/Ot W-3t HOt 473652. t225038. 280.00 384.00 t04 PRIVATE HElM 339.00 339.00 0.6 
AAB645 25N/01W-3t H02 473654. t225035. 274.70 366.00 91 PRIVATE DOLL 320.00 320.00 0.66 
473639t2250260t 25N/OtW-3tJ02 473639.000 t225028.000 275.00 390.00 tt5 3t8.00 3t8.00 
473629t2250530t 25N/OtW-3tQOt 473629.000 t225053.000 320.00 450.00 130 346.00 346.00 
AAB607 25NIOtW-32EOt 473655. t22502t. 165.00 276.00 ttt PRIVATE SCOTI 289.00 289.00 0.24 
AAC822 25NIOtW-32E02 47370t.t9 t225023.30 17t.OO 277.00 106 PRIVATE SCOTI 3t4.00 3t4.00 0.15 
AAC707 25N/OtW-34H04 473702.t9 t224656.02 310.00 420.00 t10 PRIVATE DOLAN 343.00 343.00 1.67 
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APPENDIX D. SEABECK AREA HYDROGEOLOGIC CHARACTERIZATION OF THE SEABECK AQUIFER SYSTEM 

A~li1:e Wote[ Riehts [nun the Deuorlmtnt o{ Ecalae:~ R~ards ns g{ l/24/95 
Table Key: 
Control I - DOE water right 
Status - C:a certified, P= permited, A"' application, E .. error in report 
local I • Township/range-section 
Date • Priority dale 
Name -Owner name 
01 - Instantaneous discharge (gpm) 
OA • Armual dischorge/divm~~ion (ocre-ftlyr) 

Uoa -Water we 
MUNI - mwticipal MINING 
D MUL T- Domestic multiple POWER 
COMM- Commercial FIRE- Fire protection 
FISU- Fish propagation (nm-con!umptive) WILD- Wildlife propagation 
IRR- lni@alion STOCK- Stock watering 
OOM - Domestic single REC - Recmttion and beautification 
MUL T - Multiple usc 

Remarks • well name, surface WBier source 
Usa type - C = coruumptive use, N= non conswnpth-e usc 

ControlN Sta Local I# Dale Name QI QA u .. Remarks 
Gl·llllSC c l4NIOIW.03C OS/19n8 MILES, RICHARD A 4.5 2 DMULT 
Ol·ll823C c 24NIOIW.03M 03/l8n7 GABES WTR WKS INC 20 8.1 DMULT 
Ol·l3528C c 24NJOIW-04J 12114n9 ILIAD INC. 35 14.5 MUN1 GREEN MT ACRES 
Gl·l5781A A l4NIOIW.04M 08/03190 C. KITSAP SCH DIST 100 DMULT GREEN MT ELEM 
GI-24719P p 24NroiW-05F 10/0J/85 Wll.DE & ERJKS 120 28.8 DMULT 
Ol-22046C c 24NJOIW-050, P 08/tSn4 SYMINGTON OF SEArn.E Ill 138 DMlR..T 
Ol-2204SC c 24NIO I W-05J oslt4n4 SYMINGTON OF SEAnLE 130 146 DMUI.T 
Ol-24921C c 24NIOIW-05N 11/04186 BONNETT, CHARLES R. 13 4 DMUI.T 
01-2471JC c 24NIOIW-OSP 09121185 SYMINGTON OF SEATTLE 41 66.1 DMULT SUPPLEMENTAL RJGIIT 
GI·22812C c 24NAHW.{)6R OS/t1n1 LARA LEE, lNC. 60 19 DMULT 
Gl-2l503C c 24NIOIW-08C 09/20n9 LARA LEE, INC. 30 8 DMUI.T 
GI·2H07PC p 24NJOIW-18F 8/5188 NORTIIWEST WTR SYS 31 4.5 DMIJLT 
01·25329C c 24NI02W.OIP 08/12/88 SUNSET RIDGE WIR 31 3.5 DMIJLT 
01-26611A A 24N/02W-12Q 06103/92 PAPPAS OT & JA 100 30 DMULT 
Gl·l7271A A 25NIOIE·I9N 8124193 NASH, DON so DMULT 
01-l6l43A A 25NIOIE·I9N 115191 GOLDENDALE ASSOC. 60 DMULT 
Gl·l4913C c 25N/OIE·I9N 10131186 GERJETS, RICHARD 40 4.5 DMULT 
Ol-2S492P p 2SN/OIE·I9P 7/12189 SILVERDALE WD 1000 62.1 DMULT WIXON RD WElL 
Ol·l5018C c l5NIOIE·30D 613187 FAITH FELLOWSHIP 13 1.8 DMULT 
01-2S037C c 25NIO I E·30D 1115181 HURST, JIM 31 • DMULT 
Ol·l3507C c 25NIOIE·30D 1111Sn9 FAITH FELLOWSHIP 13 1.8 DMULT 
OI-22376C c 25NJOIW-13C oJtozn5 MATIIESON, 0. D.&: H .. E. 30 16 DMULT SUNSET FARMS 
G1-20007C c 25NIOIW·I3D 03/03nl BOLON, VICTOR R. 35 14 OOM,IRR 
01-21896C c lSN!UIW-130 06126n4 HARBOR WATER CO. 30 23.4 DMUI.T 

OI-24854C c 2SN/OIW-IJR 071{))/86 SMITII,I.ES E. 37 4.5 DMUI.T 
OI-26075P I' 2SNIOIW-14 01130191 LONE ROCK WTR ASSOC. IO 9 OMULT 
fii-06768C c 2SN/OIW-14E ()(,124163 WADE,W.W. 260 416 DOM,FISH 
GI-25167C c 25NIOIW-14F 01119188 I.AKS TROLTf FARM 600 529 FISII 
GI.{)6823C E 25NICHW-14F 08/09/63 GASS, M.A 20 8 OOM, WILD SUPPLEMENTAL 
GI-25IIJC c 25NIOIW-140 11112181 BEARDOWER, RICHARD 37 4.5 DMlJLT 
GI·24778C c l5N/OIW·I4J 12131185 ANDERSON HILL HOME 31 4.5 DMULT 
GI·20684C c 25NIOIW-14K 06/04nJ SICKS, D.W. & F.B. 20 20 OOM,IRR 
GI·24374C c l5N/OIW-14N 08/15183 BRONOW, ROBERT B. 30 4 DMIJLT 
GI.08786C c lSNIOIW-ISH 06109/67 DUPAR,E.L. 60 4.5 DMULT,IRR 
Gl·l2382C c lSNIOIW-ISR 01114n5 UNIVERSITY OF WA 300 480 FISH BIG BEEF HATCHERY 
OJ-23284C c lSN/OIW·ISR oJtoJn9 COLLEGE OF FIS11ERIES 30 2 OOM,COMM BIG BEEF llA TCHER Y 
GI·21934C c lSNIOIW-17 06!28n4 AARTS, HENNY MRS 37.5 20 DMULT 
GI-23069C c 25NIOIW-17L 03/J5ns WYCOFF CO. so 4 DMIR..T 
Gl·2l404C c l5N/OIW·11P 06107n9 WATER WATER INC so 10 DMULT 
01-10162C c 25NIUIW-19 04123/69 WAST PK&REC COMM 25 s DMULT SCEN1C BEACU PARK 
01-20821C c 25NIOIW·I911 osrosn3 WA ST PK.&REC COMM 40 IS DMUI.T SCENlC BEACH PARK 
OI..Q46l2C c l5NIOIW·20D 06)()5/57 PRIDDY, R. M. 47 56 DMULT 
OI-1135JC c 2SNIOIW-20R 10119no SCIILEiillBER, J.L. IS I OOM,FIRE 
GI·23061C c lSNIOIW-liM Olll3n8 WYKm<co so 6 DMULT GUAVA WELL 
GI-25893A A lSNIOIW-21N 09/14/90 KIT SAP CO PUD N I 1500 DMULT SEABECK WELL I 
GI·25892A A lSN/01 W-llE 09/14/90 KITSAP CO PUD N I 1500 DMULT SEABECK WELL 2 
01-235.59C c 25NIOI W-220 02/14180 UNIVERSITY OF WA 1200 1910 FISH BIG BEEF HATCHERY 
01·26760A A 25NIOJW-230 10120/92 HARDSTROM, TRUDY 31 DMULT 
OJ-24856C c 2SNIOIW-23H 0711)7186 HUGIIES, ffiRR Y 1.. 60 4 DMln.T 
01-26758A A 25N11:1JW-2JK 10120192 IJUGIIES, TERRY L. 31 DMtn.T 
01·24999C c 25N/OIW·23K 04120181 HUGHES, TERRY L. s 4.5 DMULT BERT & ERNIE WS 
01·24076C c l5NIOIW·23Q 05103182 MORRIS, WILLIAM 30 6.5 DMULT 
01·23967C c l5NIOIW·l4H 10/19181 JONES, DONALD D. 12 3 DMIJLT 
GI·24920C c lSN/OIW-241 11110186 HARBOR WATER CO. 100 25 DMULT 
01·24928C c lSN/OIW-25A I 1117186 NEW HAYEN LN ASSOC 21 4.5 DMULT 
GI-25838A A lSN/01 W-25E 09/14/90 KITSAP CO PUD II I 1500 DMULT SEABECK WELL 4 
01·26678A A 25N/OIW·l6Q 0Ml4/92 CENTRAL KITSAP SCH 250 DMULT 
GI-26305A A l5NIOIW·l7A 08/29191 BYE, EDWARD 10 OOM 
01·25387C c 2SNIOJW-27R 05/10/90 SCffiJEIT, FRED H. 23 4.S DMULT KLAHOWAYWATERCO 
GI·25689P p l5N/OIW·l7R 02/21189 SCIRJETT, FRED H. 33 4.5 DMULT 
Ol-25894A A 25NIOIW-28C 09/14190 KITSAP CO PUD Ill ISOO DMULT SEABECK WELL 3 
01-23064C c 25NIUJW-JJM oJto7n8 CHATEl., AL S> 75.6 DMIJLT 
01·27428A A l5NIOIW-35N 03107/94 LONG ENGINEER INC so DMIJLT 
GI-27429A A 2SNA>I W·JSN 03109/94 LONOVERL 20 DMULT 
GI-11121P p 25NIOIW-3SN OSJU4nO JEWELL, DAVE 200 8.3 DMULT 
01-24942C c l5NIOIW-35Q 12103186 HARBOR WATER CO. ISO 15 DMULT 

Surface Water Rights In swdy area Usa 
Conrrol/1 Sla Local II Data Nama 01 QA Usa Remarks Type 
S1-23930C c 24Nitll W ..QJE 07120181 HALADY, THEODORE J. 001 1 DOM UNN STR to BIG BEEF CR c 
St-23252C c 2<4NID1W-03E 11>20178 KRACHE, JOHN C. 0.01 1 OOM UNN STR to BIG BEEF CR c 
SI.00279C c 2<4NIOIW-OJM 1l5125170 RAY, KENNETH F. 0.05 5 DOM,!RR UNN SPR c 
S1·17242C c 24NIOIW-04J 04119162 LEWIS, W.O. 0.034 OMULT UNN STR to BIG BEEF CR c 
SI-16932C c 24N/01W-o5J 0912B181 SYMINGTON OF SEATTLE 5 REC & BEAUT BIG BEEF CREEK N 
Rt-16933C c 24N101W-05J 091261<11 SYMINGTON OF SEA nLE 0.2 670 REC & BEAUT BIG BEEF CREEK N 
S1·19968C c 24N101W-08E 11107166 FISH, W.H. ET UX 0.01 1 OOM UNN STR to BIG BEEF CREE c 
S1·23504C c 25NIOIE-300 11nnu FAITH FELLOWSHIP 5.56 FIRE UNN STR lo ANDERSON CR c 
S1-o9781C c 25NI01W·13C 07121150 PURVIS. R.E. 0.15 30 IRR UNN STR c 
S1-17954C c 25NI1J1W~14 06/06163 GASS,M.A. 0.01 OOM,FISH UNN STR c 
S1..()()62BC c 25NID1W·14 111HV70 BROWN, AMOS W. 0.01 OOM, FISH, WILD UNN SPRIUNN STR c 
S1-17953C c 25NIOtW-14 Olllll6/63 GASS,M.A. 0.02 FISH UNNCR c 
S1-03494C c 25NI01W-14 OB/2BI31 WACE,W.W. 0.25 FISH JOHNSONCR N 
S1-14069C c 25NIOIW-IoC 09107156 PoneR.H. 0.01 OOM UNN SPAS c 
S1-12723C8l c 25NIOIW·15 01113154 WAOE,W.W. 0.5 FISH SPRCR N 
SI..()8956C c 25NI01W-16 08/03149 WALTON, A.E. I M.J. 001 OOM UNN SPR (changed pofnt Gf ua c 
SH044SC c 2SNIOIW·20 00127151 HUFF, E.P.Il.A. 001 OOM,FISH UNN STR c 
S1..()9<4()4C c 25NKJ1W·21C 02121150 PORTER, A. E. 0.01 OOM UNN SPR c 
S1·12723CAL c 25NIOIW-22A 01113154 WAOE,W.W. 0.5 FISH BIG BEEf CR N 
SI-00409C c 25NID1W-22K 0</30165 WA ST UNIVERSITY 1 FISH UNN STR to BIG BEEF c 
S1-0040BC c 25NIOIW-22K 04119165 WA ST UNIVERSITY 10 FISH BIG BEEF CR N 
S1-o6569C c 25tW1W·23N OBI02/45 SWOFFORD,l.F. 006 OOM,POWER UNN STR to BIG BEEF CR c 
S1·23104C c 25Nt'OIW·25A 05110178 WILSON, BARTLEY ET AL 0.01 0.5 STOCK UNN SURFACE WATER c 
S1·12171C c 25NIOIW·29C 03118153 SPROUT, H.M. 0.02 • IRR SEABECKCR c 
S1-10455C c 25N101W-29C 07102151 SMITH, J.A. 0.01 OOM UNN SPR c 
S1·19153C c 2SNIDIW·29E 07119165 BRIGGS, O.W. 0.01 OOM SEABECKCR c 
Sl-t271BC c 2SN101W-29M 01112154 LOWE, J.K ET UX 0.02 OOM,IRR UNN SPAS c 
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Introduction 

PUBLIC UTILITY DISTRICT# I OF KITSAP COUNTY 
SEABECK AQUIFER PROTECTION PLAN 

HAZARD INVENTORY AND RISKASSESSMENT 

The purpose of this section is to describe the relative risks of contamination to the Seabeck Aquifer 
System posed by various types of human activity and the presence of suspected or known hazardous 
material. This description will be based on information concerning the current types of land use 
activities occurring in the area, the anticipated contamination potential from those activities, and 
known or suspected contaminated sites in the area. The relative risk of each site will be developed 
through a generalized approach based on an EPA-approved risk ranking methodology. Together, 
known or potential risks can be compared with existing risk reduction programs. Aquifer protection 
strategies were developed using this risk assessment information and analysis. 

Population/Land Use 

Population 

The Seabeck subarea has one of the lowest population densities in Kitsap County. According to 
1990 census data, the area has a total population of 3,653. This translates into a population density 
of about 135 persons/square mile. Through the year 2014, the population is expected to increase to 
4,301, and the density is projected to increase to approximately 160 persons/square mile. The 
forecasted population increase of 648 people between 1990 and 2014 represents an average growth 
rate of 1.17%, one of the slowest growth rates in the County. 

Land Cover I Land Use 

The Seabeck Aquifer System is located beneath one of the most rural and heavily forested areas in 
Kitsap County. Ninety-five percent of the area is forested or has natural cover. An evaluation of 
land use types classified by the County Assessor shows about the same percentage of the area in 
suburban, forested, or open space categories. 

Zoning 

Zoning under the proposed County Comprehensive Plan (1994 and subsequent revisions) indicates 
the County desires to maintain the rural and forested character of the Seabeck subarea into the 
foreseeable future. Current land use policies require a minimum of 5 acres per residence. Assuming 
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an average of two people per household, the projected growth would result in about 8% of the area 
being affected by parcel development (houses, outbuildings, roads, including open space). At one • 
du/5 acres, the impact would be very low. 

Known and Potential Contaminant Source Inventory 

Methodology 

Current and potential risks to the area had not previously been inventoried and evaluated. An 
inventory of known and potential contaminant sources for the Seabeck Subarea was completed 
utilizing existing Washington Department of Ecology databases and by conducting a "windshield" 
survey throughout the basin. 

Ecology databases include both known and potential contaminant sources. Data sets pinpointed 
operational underground tanks, leaking underground tanks, hazardous waste generators, and 
confirmed or suspected contaminated sites. These data sets are described below: 

5-2 

• Washington State Department of Ecology, Taxies Cleanup Program, Leaking 
Underground Storage Tank (Lusn Site List. This list contains the name and 
address of sites located in the State of Washington where an underground storage 
tank has reportedly leaked. Also included on the list are the date of notification, the 
media affected by the leak, and the status of the site. 

• Washington State Department of Ecology, Taxies Cleanup Program, Confirmed and 
Suspected Contaminated Sites Report. Ecology conducts an initial investigation 
within 90 days of learning of a potentially contaminated site. If the initial 
investigation shows that further action is needed, the site is included on the list. The 
list confirms whether or not hazardous substances are located at each site, the media 
affected by the contamination (ground water, soil, or surface water), site status, and 
the type of contaminant present. 

•• Washington State Department of Ecology, Taxies Cleanup Program, Independent 
Reports. Sites included on this list have previously been listed on the Site Register. 
The Site Register is issued bi·weekly to document cleanups taking place without 
Ecology oversight. 

• Washington State Department of Ecology, Listing of Underground Storage Tanks. 
This listing includes the age, volume, status, and contents of underground storage 
tanks reported in Washington State. This list does not suggest that the tank contents 
are leaking, only that chemicals are being stored on-site. 
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• Washington State Department of Ecology, Superfund Amendments and Re­
authorization Act of 1986 (SARA), Title ill Facilities, Tier Two Reporters. This list 
contains the name, address, and facility identification number of owner/operators 
who have submitted a Tier Two form. The owner/operator of a facility where 
chemicals are present in quantities greater than threshold levels is required to 
annually submit a completed Tier I Emergency and Hazardous Chemical Inventory 
Form. Under certain conditions, the Tier Two form may be submitted in lieu of a 
Tier One form. The Tier Two form requires more specific information about 
chemicals and their location within the facility, including the types and conditions 
of storage. Submittal of a Tier Two form does not imply that an unauthorized release 
of hazardous material has occurred at the site. 

• Washington State Department of Ecology, Toxic Release Inventory. This report is 
an annual summary of the toxic chemical report forms submitted by manufacturing 
facilities in Washington State. The report is prepared to enhance awareness about 
toxic chemicals within Washington communities (Community Right to Know). 
Authorized releases to air, water, land, off-site transfers, and transfers to wastewater 
treatment facilities are recorded by amount and type of chemical released. All 
releases are permitted and should not be interpreted as being contaminated sites. 

• Washington State Department of Ecology, Solid Waste Facility Handbook, 1993 . 
This document is a comprehensive list of solid waste handling facilities that require 
permitting under Chapter 173-304 WAC, Minimum Functional Standards for Solid 
Waste Handling. The report identified 459 regulated facilities statewide by 
classification and by primary type of waste received. An update was not completed 
in 1994. 

An examination of all this data showed no known threats of contamination to the Seabeck subarea. 
The only potential threat is the operational underground tanks at a gas station in Camp Union, just 
southeast of William Symington Lake. 

In addition to the database search, a windshield survey was conducted in April 1995. The objective 
of this effort was to field check the Seabeck subarea and locate the presence of: 

• 

• 

• 

• 

Hazardous material use or storage; 

Any commercial/industrial development which, through operation, might pose a risk 
of contamination to the aquifer; 

High density residential development; and 

Areas where storm water runoff from residential or commercial activities might pose 
a contamination threat. 
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This survey verified the rural nature of the area. It also confirmed that there are few current threats 
to the subarea. There are no industrial sites located upgradient of the Seabeck Aquifer System. • 
Upgradient commercial development is limited to the area around Camp Union. High density 
residential development is limited to the area around William Symington Lake. 

Hazardous material usage is apparently minimal in the upgradient area, consisting of only the single 
existing gasoline outlet at Camp Union. Most transportation routes skirt the area. One does, 
however, cross the upgradient aquifer through Camp Union. Risks from a gasoline or petroleum 
product spill do exist, but are considered relatively minor. 

Development along the Hood Canal shoreline are downgradient from the aquifer and do not 
represent a contamination threat to the main portion of the aquifer. 

Known Sources 

The database review and windshield survey confirmed the rural nature of the area. They also 
verified that there are few current contamination threats to the Seabeck Aquifer. The minor threats 
that were identified are discussed below. 

Septic Systems: Septic systems are the only method utilized for sewage treatment and disposal 
upgradient of and overlying the Seabeck Aquifer System. Because of their existence, they pose a 
general, but minor, threat to aquifer water quality while, at the same time, serving as a source of 
recharge. However, the densities in the area are generally low to very low. Only the residential area • 
of William Symington Lake reaches land use densities which might be of concern. 

Septic systems are a general concern because they can cause ground water contamination with 
pathogenic organisms, toxic substances, and nitrogen compounds. Suspended solids in sewage, 
including pathogenic organisms such as coliform bacteria, are easily ftltered by soil and should not 
be transported significant distances from septic drain fields. Ammonia and nitrate nitrogen, 
however, are highly soluble in water and can be expected in detectable quantities wherever portions 
of the aquifer are affected by septic system discharges. The greatest concern is for the improper and 
unlawful use of septic systems for the disposal of toxic substances. 

Pesticide I Herbicide App!jcatjon: Because of its rural nature, the Seabeck Subarea contains some 
small hobby farms. These units are not of "commercial" size and are not expected to rely heavily 
on pesticides and fertilizers. Nonetheless, some application can be assumed and, therefore, these 
farms should be considered as contributing a known chemical input to the system despite the 
magnitude of such applications being unknown. 

The Washington State Department of Transportation (WSDOT) and the Kitsap County Public Works 
Department (KCPWD) maintain the roads and transportation corridors in the area. Seasonal 
application of herbicides and pesticides are standard practice in road maintenance. While use of 
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these chemicals (WSDOT utilizes such products as 2,4-D, Roundup, Oust, Diuron, and Krenite; 
KCPWD's road crews rely on Oust, Diuron, Garlon, Escort, and Roundup) constitutes a known 
source of contaminant to the natural systems, licensed applicators direct the use of these materials 
so that their actual threats to the aquifer are minimized. (Typically, when applied by professionals, 
these chemicals are absorbed by the targeted roadside vegetation and by the first couple of inches 
of soil.) 

Agricultural Practices: It is well documented that animal grazing, concentrated animal feeding, field 
cultivation, and general agricultural practices can affect surface and ground water systems. The level 
of this effect, and therefore its significance, is dependent on such factors as: 

• An area's soils and surface geology; 

• Topography and slope; 

• Rainfall and surface hydrology; and 

• Use of Best Management Practices (e.g., practices developed by the Department of 
Ecology in cooperation with the Department of Agriculture; 1978-95). 

The combination of these factors on individual farm units in the Seabeck subarea was not assessed 
during this project During the windshield survey, however, no observations of agricultural practices 
were observed which, from a visual standpoint, might constitute inappropriate land management 
practices and, thereby, pose a significant contamination threat to the aquifer. 

Potential Sources 

No industrial sites overlay or are upgradient of the Seabeck Aquifer area. Upgradient commercial 
development is limited to the area around Camp Union, and high density residential development 
is limited to the area around William Symington Lake. The few potential contamination sources 
noted are described below. 

Transportation of Hazardous Materials (Gasoline): Most transportation routes skirt the area, 
though one crosses the upgradient aquifer area through Camp Union. Risks from a gasoline or 
petroleum product spill do exist, but are considered relatively minor. 

Operational Underground Tanks: As noted above, one gasoline outlet exists upgradient of the 
aquifer in the community of Camp Union. This facility appears to have been constructed quite 
recently and, therefore, should have state-of-the-art spill detection and prevention devices installed . 
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Spill prevention/detention in the Seabeck subarea is a concern. The drainage from this small 
commercial area at Camp Union (which also includes a restaurant and a feed store) drains to what • 
appears to be an infiltration/detention pond. This pond seems to be designed to allow infiltration and 
detention prior to overflow to Big Beef Creek. When the pond is full, the pond flows into Big Beef 
Creek and William Symington Lake. If a gasoline spill does occur, gasoline might reach the pond 
and potentially affect the quality of ground water in the Seabeck Aquifer System. 

Home heating tanks are unregulated, except during building construction when they must satisfy the 
requirements of the Uniform Fire Code. These tanks can, to a limited degree, be a source of aquifer 
contamination and, therefore, are of some concern. Although these tanks are not regulated, the cost 
of clean-up has brought about and encouraged a variety oflocally available heating oil company and 
fmancial institution service programs for testing and assuring tank integrity. The number of home 
heating tanks and the proportion of those which are located underground, however, remain unknown. 
Given the low number of instances of ground water contamination from these sources statewide, the 
risk from this source is considered small. 

Storage of Hazardous Materials: Other than the gasoline tanks at Camp Union, there were no 
specific observations of hazardous material storage. On the other hand, the feed store adjacent to 
the gas station is likely to store some quantities of material which could be considered hazardous. 
In addition, some home businesses (e.g., a tractor/equipment repair facility) were seen, and these 
operations may utilize some hazardous materials considered essential to the conduct of the business. 

Disposal of Household Hazardous Materials: Residential development in the Seabeck subarea, • 
with the exception of the Hood Canal shoreline and the relatively high density area around William 
Symington Lake, is primarily rural in nature. With every household, there are numerous chemicals 
utilized in cleaning and maintenance. Some of these are hazardous materials. Disposal of these 
substances can represent a threat to ground water, especially when disposed of in a septic system or 
dumped on the ground. 

Improper disposal of used motor oil is one practice commonly cited as a constant threat to water 
systems. In addition to the oil itself, used motor oil contains many metals. Sometimes this material 
is drained into ditches or poured onto driveways. Other household hazardous materials include 
cleaning solvents, paints, specialty cleaners, and so forth. Proper disposal of unused portions of 
these materials and their associated containers is important to eliminate the potential risks involved, 
assure ground water quality, and maintain the integrity of the aquifer. 

Since household hazardous materials are in general use throughout the subarea, they must be 
considered a potential risk to the aquifer, although the magnitude of the risk is unknown. 

Silvaculture Practices: Forest (silvaculture) practices may present a risk to surface and ground 
water quality. The impact of the practices themselves (such as clear-cutting) has been the subject 
of considerable debate over the last 20 years. On all levels, the debate continues without resolution . 
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Regardless, harvesting techniques, by their nature, involve heavy equipment and its frequent 
maintenance, and the storage of fuel. These practices present some risk. 

In addition to the use of heavy machinery and its accompanying risk, both the private and public 
forestry sectors use herbicides and pesticides in their ongoing forest management routines. The use 
of these chemicals also presents risks. According to the Washington State Department of Natural 
Resources (WSDNR), current forest practices and rules prescribe Best Management Practices which 
regulate and severely restrict the application of chemicals, herbicides, and pesticides by WSDNR, 
as well as private timber companies, and thereby help limit the risk. In Kitsap County, for instance, 
the use of these toxic materials is limited to the application of Accord, Garlon, 2,4-D, and Arsenal. 
These chemicals are generally applied by applicators licensed by the Department of Agriculture. 
Such licenses must be renewed every five years and require the licensee to stay current with changes 
in product lines and application practices to control their toxicity and risk to the surrounding 
environment The level and intensity of application of these materials in the Seabeck subarea is not 
known. Therefore, the risk level is unknown. 

Summary 

There are few potential and known contaminant sources in the Seabeck subarea. Of the known 
sources, many are downgradient of the primary public supply wells and, therefore, present little risk 
to the main public supply. For those upgradient or overlying the aquifer, the relative risk of 
contamination to the Seabeck Aquifer System is considered quite small. 

Risk Ranking of Known or Potential Contaminant Sources 

Based upon the above hazardous material inventory and risk assessment, the threats of contamination 
to the Seabeck Aquifer System were categorized and ranked. The risk prioritization criteria, listed 
below, are part of the methodology recommended in the EPA Guidance document entitled, 
Managing Ground Water Contamination Sources in Wellhead Protection Areas: A Priority Setting 
Approach. This methodology, together with the level of confidence in available data and 
information, were used to rank known and potential contamination sites in priority sequence: 

o Proximity of contaminated site to water source; 

o Type of contamination per Department of Ecology database; 

o Severity of contamination; 

o Straight-line distance from the source to the site; and 

o Contaminated media . 
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Upgradient Proximity to Source 

How close the contamination source is, on an upgradient line, was the first decision level for 
determining an overall prioritization of contaminant risks to the Seabeck Aquifer System. 
Obviously, the closer the source, the higher the prioritization: 

Type of Contamination 

For the second decision level, contamination sites were prioritized according to whether they are 
known or potential risks to the source. Known contamination sites were defined as those located 
within the Seabeck subarea that have been identified in the Washington State Department of Ecology 
databases. Potential contamination sites are defined as those sites that are known to be used in ways 
that potentially pose a risk to the water quality of the Seabeck Aquifer System. The latter include 
both point and nonpoint sources. Known sites have a higher priority than potential sites. 

Severity of Risk 

Based upon the USEPA Risk Prioritization Model (1991), the severity of risk can be prioritized by 
the likelihood of contamination and the relative seriousness of toxicity and attenuation involved. 
The likelihood of contamination criterion is based upon the Likelihood of Release at the Source (i.e., 

• 

how likely is it that the contaminant will be released from the source into the soil underlying the 
source?), and the likelihood of the Contaminant Reaching the Source (how likely is it to reach the • 
recharge area?). The more likely the contaminant will be released and reach the recharge area, the 
higher the priority. 

Straight-line Distance from the Source 

For those contamination sites having similar characteristics and qualifications under each of the 
prioritization ranking criteria set forth above, the straight-line distance from the contaminated site 
to the water source is used to further rank the sites. This criteria, how close the site is to ground 
water, differs from upgradient proximity criteria, which is how far upgradient the contamination is. 
Those sites closest to the water are given a higher priority. 

Contaminated Media 

If contaminated sites existed within the Seabeck subarea and they possessed similar characteristics 
under each of the above prioritization ranking criteria, they would be further categorized and ranked 
based upon six different contamination media: 
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• Confirmed ground water contamination sites; 

• Confirmed soil contamination sites; 

• Confirmed surface water contamination sites; 

• Suspected ground water contamination sites; 

• Suspected soil contamination sites; or 

• Suspected surface water contamination sites. 

Since contaminated sites were not recorded in the Ecology database for the basin, and none were 
found in the field survey of the Seabeck subarea, this additional categorization of contaminated 
media was unnecessary to the present risk assessment effort. 

By applying the risk prioritization criteria listed above to the risk inventory/assessment of known 
and potential contaminant sources in the recharge area, risks to the Seabeck Aquifer System are 
identified and ranked as follows: 

I. Septic Tanks; 

2 . Operating Underground Storage Tanks; and 

3. Forest/ Agricultural Practices. 

All of the potential risk categories listed above are considered minor and manageable. 

Strategies for Risk Reduction 

Kitsap County Ground Water Management Plan 

Kitsap County has been developing a Ground Water Management Plan (GWMP) over the last 
several years. This effort has involved considerable citizen input and thousands of hours of effort, 
many of those voluntary. The objective of this project is to produce a plan that effectively assesses 
the County's ground water resource, identifies current and future risks to the resource, and provides 
measures to preclude, correct, or mitigate those risks. 

The Plan is nearly complete. The effort which generated the Plan included development of many 
issue papers. Several issue papers focused on a particular risk area and proposed risk reduction 
measures. The papers describe a specific risk area, outline existing Jaws, practices, and procedures 
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for achieving risk reduction, Jist gaps and problems, and give improvement recommendations 
(management strategies and corrective actions) for accomplishing further risk reduction. • 

Strategies Useful to Specifically Protect the Seabeck Aquifer 

A review of GWMP strategies shows that nearly all would be beneficial to the goal of protecting the 
Seabeck Aquifer System. 1bis finding is not surprising since the GWMP was intended to cover all 
of Kitsap County and all of its ground water resources. However, one of the remaining tasks needed 
to complement this GWMP effort is to prioritize the strategies for the Seabeck Aquifer Protection 
Plan. This effort will include an assessment of the viability of the recommended strategies and 
actions from various economic and social-political viewpoints. The result will be a much-refined 
list containing priority strategies, identification of responsible implementing agencies, and schedules 
for implementation of specific GWMP actions. 

The content and timing of the Seabeck Aquifer Protection Plan precedes the completion of these 
Kitsap County GWMP tasks. Further, the focus of this effort requires the recommendation of 
specific strategies and actions based upon the risks identified above and most appropriate actions 
relative to the Seabeck subarea, not the County as a whole. This is consistent with the tenants of 
the GWMP process and the ultimate aim of ground water source protection programs. 
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PUBLIC UTILITY DISTRICT# I OF KITSAP COUNTY 
SEABECK AQUIFER PROTECTION PLAN 

MONITORING PROGRAM 

The Seabeck Aquifer Protection Plan requires a network of monitor wells from which data can be 
systematically collected and analyzed to identify changes in water quality and quantity parameters. 
The current monitoring network consists of 18 wells which include private domestic and 
public/municipal wells distributed across the recharge area of the Seabeck Aquifer System. Figure 
1 shows the aquifer boundaries and locations of the monitor wells. 

Table 1 gives a summary of selected data for the set of monitor wells. Monitor wells may be added 
or deleted as dictated by the analysis of data, damage, or loss of access to a monitor well, or other 
factors that require a change in the network. The fmalized monitoring network will be used in 
perpetuity to collect data discussed below. 

Water Quality Monitoring 

The objectives of water quality monitoring are to provide the necessary data to evaluate changes in 
quality and associated risks to users of the Seabeck Aquifer System. The chosen frequency of 
measurement is designed to be affordable and practical. The results of tjle monitoring will determine 
if the frequency of measurement needs to be modified. Water quality monitoring will include 
chloride and specific conductivity (to identify seawater intrusion from overdrafting) and nitrate (an 
easily traceable contaminate from septic systems). 

Water quality samples will be collected at all monitor wells that have pumping equipment. 
Pumpable wells will be tested for chloride and specific conductivity twice per year, once in October 
and once in April. Water samples will be collected directly from the well head or suitable sampling 
port where it can be assured that the sampled water is indicative of the aquifer water quality. The 
sampling frequency may be adjusted. Chloride and specific conductivity will be analyzed by KPUD 
with field equipment. Nitrate samples will be collected at least every three years and will be 
analyzed by a certified lab. 

For those monitor wells lacking a basic inorganic analysis, or where the analysis is more than three 
years old, samples will be collected by KPUD and analyzed by a certified lab. The basic inorganic 
analysis will consist of those required for a new Group B public water supply, including but not 
limited to iron, manganese, chloride, nitrate, hardness, alkalinity, specific conductivity, field 
temperature, field pH, and turbidity. All available water quality data for each monitor well will be 
compiled in a database for easy review and tracking of the data . 
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TABLE 6-1- SUMMARY OF SELECTED DATA FOR THE MONITORING NETWORK WELLS. 

Unique Well Local Number Screen Water level elevation~ • Well Nama ID# T/R.S Site Elevation Bevation Date 

Public Welle 

Blue Heron Water AAA875 T25N/R01W·30H 308 ·22 49.3, 7117/95 
System {Oiugosh) 

Guava AAA232 T25N/01W·21M 239 ·52 to ·62 38 

Miguelo Water ABC665 T25N/R01 W·27G 434 ·14to·26 64, 12/22/93 

Seabeck AAC835 T25N/R01W·20Q 75 ·54 to -64 41 
Conference Center 

Seebeck Well 3 AAA990 T25N/R01 W·28C 440 ·70 to ·177 70 

Woodland Heights AAB274 T25N/R01 W·26F 535 294 to 278 
Water 

Green Mountain AAC804 T24N/R01 W..()4M 460.5 323 to 313 344.5, 3/27/96 
Elementary 

Test/Obaervatlon Weill: 

Big Beef TH·2 AAA005 T25N/R01 W·22A 50 ·133 to ·187 38 

Seabeck Well 1 AAA235 T25N/R01W·21N 329 ·88 to ·120 58 

Seabeck Well 2 AAC799 T25N/R01 W·22E 269 -49- to -80 40 

Seabeck Well 4 AAC377 T25N/R01 W·25E 502 ·103 to ·128 71.7, 12/10/94 • Private Domestic Walla 

Collier AAC547 T25N/R01W·21C 40 ·22 to ·27 48 

Dolan AAC707 T25N/R01W·34H 420 82 to 77 110 

Miller - T24N/R01 W·03A 400 124 200 

Rosander - T25N/R01W·24Q - - -

Ellis !Scott) AAB607 T25N/R01 W·32E 276 -Sto-13 118.7. 7/17/95 

Schold AAC318 T25N/RO 1 W·15L 20 ·65 to -70 13.2, 7/17/95 

Smith AAC809 T25N/RO 1 W-22C 137 -9 to -29 21 
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Water Level and Production Records Monitoring 

The objectives of water level and production monitoring are to provide the necessary data to evaluate 
seasonal and annual water-level fluctuations and evaluate the amount of impact caused on aquifer 
levels by ground water withdrawals. Where data loggers can be utilized, water levels will be 
collected approximately once per hour. Other wells will be manually sounded at a frequency of 
approximately once per month. Where possible, manual soundings will be made with a permanently 
installed, calibrated electric sounding line, to increase the accuracy of the data and eliminate the 
potential for bacterial cross-contamination of wells. Water levels will be measured to a minimum 
accuracy of plus/minus 0.05 feet. Frequency of data collection may be more or less than above, and 
may be tailored to accommodate special circumstances such as pumping/aquifer testing. Production 
records will be collected from monitor wells or adjacent production wells to help evaluate water 
level trends . 
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