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EXECUTIVE SUMMARY

A wellhead protection program (WHPP) is being developed by the City of Kent (City) for the
Clark, Kent, and Armstrong Springs water supply sources. The wellhead protection program is
designed to protect groundwater resources supplying public wells used for drinking water.
Development of the welthead protection program is mandated by the 1986 Amendments to the
Safe Drinking Water Act and the Washington State Drinking Water Regulations (WAC 246-290-
135). The wellhead protection program builds on the South King County Groundwater
Management planning process and is an important local tool for protecting groundwater quality.
Delineation of wellhead protection areas helps to identify the most important areas of focus for
protecting water supplies and the most appropriate areas to focus limited funding resources.

This project began in 1991 when the City applied to the Washington State Department of
Ecology (Ecology) for a Centennial Fund Grant to help fund the program development. A Grant
was awarded in 1992. The City is conducting program development efforts with the Covington
Water District and Water District No. 111 who are simultaneously developing wellhead
protection programs. Coordination efforts have occurred through a Project Review Committee
set up for review and input to the process and including representatives from the three purveyors
as well as the Seattle-King County Health Department, the State Department of Health, and
Ecology’s Water Quality Program.

Hydrogeology and Wellhead Protection Area Delineation

The City derives its water from shallow, highly transmissive, glacial outwash aquifers without
significant confining layers between ground surface and the depth of groundwater withdrawal.
Infiltration of precipitation is the principal source of recharge to the groundwater system in the
study area. Infiltration is high in the permeable outwash sediments that comprise much of the
area, particularly in the eastern foothills where precipitation averages 58 inches per year. The
till-capped uplands provide recharge through runoff to the surrounding, highly permeable
outwash channel deposits. Surface water features like Lake Sawyer provide some additional
recharge to the groundwater system.

Groundwater flow in the area is predominantly east to west from the high recharge area of the
foothills east of Clark Springs through two principal aquifers, the Vashon Recessional Qutwash
(Qvr) and the deeper, older Qc(2) glacial deposits. In the western area, till lies between the
recessional outwash and the deeper Qc(2) aquifer in some locations; however, at the City’s Kent
Springs and Armstrong Springs properties the till seems to be absent, and these two aquifers are
connected. In these areas the aquifer is more highly susceptible to contamination.

The east to west flow pattern creates capture zones that extend eastward from the wellheads.

The wellhead capture zones were delineated through development of a regional groundwater flow
model. The groundwater flow model, based in MODFLOW, was used in conjunction with a
particle tracking model, PATH3D, to define 1-, 5-, and 10-year time of travel zones. An
assessment of data uncertainties and coordination of management efforts with the area water
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districts resulted in development of a composite Kent/Covington Wellhead Protection Area

(WHPA).
Potential Contaminant Sources

With the WHPA defined, effort was focused on identifying potential groundwater contaminant
sources within the WHPA and ranking the risks associated with those contaminant sources.
Potential contaminant sources were identified based on review of current and historical land uses
within the WHPA, review of regulatory agency database lists and files, and a windshield survey
to reconnaissance for other unknown sites. Inventory considerations and methodology were
reviewed by the Wellhead Protection Project Review Committee.

Potential sources of contamination were identifted and ranked according to their potential risk.
The ranking was performed in general accordance with the EPA Guidance Document entitled
Managing Groundwater Contamination Sources in Wellhead Protection Areas: A Priority Setting
Approach. The highest ranked risks to groundwater quality within the WHPA, in order of
decreasing priority, were:

Residential - medium-density land uses;
Residential - rural land uses;
Transportation corridors;
Industrial/Commercial sites;

Forestry land uses; and

Mining land uses.

¥y v vy vy vy

Proximity to the wellhead was given the highest priority level risk for each of the sources
considered. This was followed by the type of contamination and the severity of the
contamination, respectively, as the next priority levels. Contaminated sites identified in the
regulatory databases ranked as the top priority risk for the Armstrong Springs source. For the
Kent Springs source medium-density residential, rural residential, and transportation corridors
ranked as top priority risks. The Landsburg mine ranked as the top priority risk for the Clark
Springs source, followed by medium-density and rural residential land uses.

Management Strategies

Wellhead protection management tasks were developed based on our review of the tasks included
in the South King County Groundwater Management Plan and our technical knowledge of the
WHPA issues. Forty-eight tasks were developed in consort with the Wellhead Protection Project
Review Committee. These tasks were created to help mitigate high priority risks to groundwater
quality as identified above. Management strategies were then developed, based on the concept
that an implementation steering group would need to "manage” the tasks in certain ways to
implement the program. The management strategies were developed as follows:

» Management and Cooperation Strategies
¢ Establish 2 WHP steering group.
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Manage large land parcels using Best Management Practices.

» Land Use Strategies

Consider special protection area designations for the WHPA.

» Regulatory Strategies

Perform hydrogeologic analyses for parcels which trigger SEPA review,

Delegate well drilling oversight authority to King County. Encourage frequent inspection
of well installation.

Require engineering as-builts of septic systems to be recorded with the property deed.

» Planning Strategies

Require industrial and commercial facilities to connect to sanitary sewer. Develop
emergency plans for sewer breaks.

Encourage funding of farm plans such that groundwater protection issues are identified
and managed.

Encourage research of storm water discharge on aquifer quantity and quality. Evaluate
the adequacy of storm water facilities.

Document the location and use of petroleum pipelines. Ensure that emergency response
efforts are coordinated.

Investigate the feasibility of re-routing hazardous materials transport out of Zone 1 of the
WHPA.

Establish formal communication with first responders for transportation hazardous
materials incidents.

» Data Management Strategies

Participate in regional and local groundwater monitoring strategies. Implement the
monitoring plan. _

Conduct herbicide and pesticide use surveys. Encourage vegetation management
practices which do not use chemicals.

Inventory underground storage tanks (including exempt tanks) within Zone 1 of the
WHPA.

Encourage King County to monitor dry wells within the WHPA.

Inventory abandoned wells within the WHPA.,

» Education Strategies

Continue public education program with focus toward protection of the WHPA.,

Other WHPP Elements

There are three other elements of this WHPP which are required by the state program. They
include a monitoring plan, spill response plan, and a water supply contingency plan.

The monitoring plan identifies a program for water level and water quality monitoring in
selected areas throughout the WHPA. These data will be used to measure any water quality
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degradation and will provide an early warning of groundwater quality changes. The monitoring
plan also describes focused hydrogeologic studies that will be needed to more accurately
interpret the monitoring data and refine the regional groundwater flow model developed for this
project. Refinement of the regional flow model will provide a management tool for making both
groundwater quality and quantity decisions into the future.

Spill response planning exists throughout national, state, and local programs. Depending on the
nature and location of the spill incident, the local Fire Department and the State Patrol are
normally the first responders for highway-related incidents, and Ecology is the lead agency for
environmental pollution (i.e., hazardous waste spill).

Locally, the City of Kent is responsible for assisting the local fire districts with Hazardous
Material Response within the WHPA. The City has a hazardous material response plan which
identifies the personnel and procedures that are used in response to a hazardous materials
incident within the WHPA. A copy of the response plan is included in Appendix D.

The water supply contingency plan identifies possible steps that could be taken to seek alternate
supplies of water if one of the sources within the WHPA becomes contaminated. These steps
include activating existing interties, treating contaminated groundwater at the source, or
exploring for new sources of groundwater.

Page x
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CITY OF KENT
WELLHEAD PROTECTION PROGRAM FOR
CLARK, KENT, AND ARMSTRONG SPRINGS

1.0 INTRODUCTION

The City of Kent began development of a wellhead protection program in August of 1993 for the
Clark Springs, Kent Springs, and Armstrong Springs water supply source areas. The purpose of
the wellhead protection project is to develop a program to protect long-term water quality at
these three groundwater sources. These sources represent approximately 95% of the City’s
water supply. The Kent Wellhead Protection Program (WHPP) was developed in four parts,
generally consistent with the Washington State Department of Health guidelines as follows:

» Evaluation of the hydrogeologic framework for the area around the springs;

» Delineation of Wellhead Protection Areas (WHPASs) based on time-related capture zones for
each of the spring sources;

» Identification of potential and known sources of groundwater contamination within the
WHPA; and

» Development of management strategies to minimize the threat of those potential and known
sources of most concern.

The City’s three spring source areas are located in the southeastern portion of King County as
shown on the Vicinity Map, Figure 1-1. The springs source areas are within small land parcels
owned by the City of Kent but surrounded by unincorporated King County. Most of the study
area falls within the south half of Township 22 North, Range 6 East, but also includes an area of
1 to 2 square miles west, south, and east of this Township and Range.

The need for this work was recognized by the City because of the high susceptibility of the
spring sources to contamination. The springs are fed by groundwater from shallow, highly
transmissive glacial outwash aquifers surrounded by till and bedrock. These aquifers are rapidly
recharged, often lack significant confining units, and are located in low lying, confined basins
that tend to funnel surface water into the aquifer recharge area.

In 1991 the City began a proactive effort to evaluate ways to protect these high-quality, yet
vulnerable, water supply sources. A Centennial Fund grant was applied for to assist in the effort
of developing welthead protection prior to the state’s completion of a statewide wellhead
program. A grant (G9400034) was awarded in 1992 from the Washington State Department of
Ecology (Ecology) and is helping to fund this program development.
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1.1 Scope of Kent’s WHPP and Report Organization

This report documents the program developed over the past two years under the Centennial Fund
grant and as a cooperative effort among the local purveyors which included Covington Water
District, Water District No. 111, as well as the City of Kent. Specifically, this report begins by
describing the hydrogeology of the area and the methods and analyses used for delineating the
Wellhead Protection Area (WHPA) around the three spring sources (Sections 2.0 and 3.0). The
known and potential contaminant sources within the WHPA, and their relative risk to
groundwater quality, are presented in Section 4.0. Section 5.0 describes existing regulatory
programs and how they work to protect groundwater quality. Management strategies and
recommended tasks for protecting the WHPA are presented in Section 6.0. Section 7.0 contains
the monitoring plan for the WHPA. The spill response plan and water supply contingency plan
are contained in Sections 8.0 and 9.0, respectively. Section 10.0 presents a list of references
cited in this report. Tables and figures supporting these sections are numbered to correspond to
and are presented within or at the end of their respective sections.

There are four appendices included in the document. Appendix A includes the hydrogeologic
data analysis. Appendix B includes the groundwater modeling procedures. The management
tasks database is included in Appendix C; Appendix D contains a copy of the City of Kent
Hazardous Materials Response Plan, :

1.2 Coordination of Wellhead Protection Program Development

The City of Kent is coordinating WHPP elements with the Covington Water District and Water
District No. 111 who are simultaneously developing wellhead protection programs for the Lake
Sawyer Wellfield and North Meridian Aquifer, respectively. Covington’s Lake Sawyer wellfield
is located approximately 1,000 feet southwest of the City’s Kent Springs source area. Water
District No. 111°s North Meridian Aquifer study area is located approximately 1 mile northwest
of the Armstrong Springs Source, in area soon to be annexed by the City of Kent. Technical
data were shared and regular meetings were held to coordinate source inventory efforts and to
develop consistent management strategies.

A Project Review Committee was set up by Covington and Water District No. 111 to provide
input to the projects and to review and comment throughout the course of program development.
The review committee includes the three main water purveyors on the Covington Upland: Kent,
Covington, and Water District No. 111, as well as representatives from the Ecology Water
Quality Program, the State Department of Health, Seattle-King County Health Department,
consultants Hart Crowser, Robinson & Noble, and Economic & Engineering Services Inc., and
other local invitees.

1.3 Existing Data Sources

The work completed for this project relied on a number of important existing data sources. For
the hydrogeologic analyses we used the South King County Groundwater Management Plan
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(SKCGWMP), Grant No.1 Background Data Collection and Management Report Issues (1989)
as our starting point for the regional hydrogeologic framework. Likewise, the draft South King
County GWMP (March 1995) was used in development of the management strategies.

USGS geologic maps and more current geologic mapping conducted for King County’s Cedar
River Current and Future Conditions Report (1993) were used for geologic and hydrologic
information east of the SKCGWMP study area boundary which falls near the Clark Springs.
Several other published and unpublished reports prepared for the City of Kent and others
provided valuable local information on hydrogeologic conditions. All significant documents used
are listed in Section 10.0 References.

1.4 The Groundwater Sources

While the City’s water sources are referred to Clark Springs, Kent Springs, and Armstrong
Springs, the water supply derived from these three areas is actually a combination of spring
infiltration galleries and wells. Production records maintained by the City indicate the following
usage:

Clark Springs

» Provides 2,300 to 4,000 gpm (4 to 6 MGD) source of supply.
» Production is primarily from an infiltration gallery with occasional supplementation by
production wells.

Kent Springs

» Provides 700 to 2,300 gpm (1 to 3.3 MGD) source of supply.
» Production is primarily from the infiltration gallery with peak demand (late summer) supply
from Well Nos. 1 and 2.

Armstrong Springs

» Provides 70 to 700 gpm (0.1 to 1 MGD) source of supply.
» Production is from Well Nos. 1 and 2.

The City’s Operations staff provided a substantial amount of information on the production from
each of the spring areas as well as water level data and wellhead survey information for each of
the three Spring properties. The City Engineering Department provided several consulting
reports on their facilities, well construction, and well testing activities associated with each of
the Spring properties. Data used to characterize the City’s spring sources is discussed further in
Appendix A.
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2.0 HYDROGEOLOGY

The hydrogeologic setting provides the basis for the delineation of the wellhead protection area
and assessment of the management strategies for aquifer protection. The hydrogeology in the 7
to 8 square mile area between Armstrong Springs in the west and Clark Springs in the east is
complex because of the multiple geologic layers, varying recharge rates, and surface water-
groundwater interactions. This section describes the conceptual hydrogeologic model that
formed the basis for development of a regional groundwater flow model that allowed us to better
understand the area’s complexities, delineate the wellhead protection areas, and identify areas for
more focused hydrogeologic study.

2.1 Topography and Drainage

The project area lies within the central portion of the Covington Upland (SKCGWMP, 1989)
physiographic area (Figure 1-1). The Covington Upland is a glacial drift plain bounded on the
north by the Cedar River Valley, the south and west by the Green River Valley, and on the east
by the foothills of the Cascades. The topography of the central upland area ranges from bedrock
foothills at elevations of almost 1,000 feet in the east study area (near the Clark Springs
property) to gently sloping outwash plain at elevations of 500 to 400 feet in the west project area
(between the Kent Springs and Armstrong Springs properties). Occasional till-capped knobs
break up the outwash channels and several small kettle lakes and local marshy areas occur within
the study area.

The eastern portion of the study area lies within the middle portion of the Cedar River Drainage
Basin and the western portion of the study area lies within the Soos Creek Basin. Figure 2-12
shows the surface water divide between these two major drainage basins. The surface water
divides are important in defining potential rainfall runoff areas which contribute recharge to the
aquifers supplying the springs and in analysis of the overall system water budget.

2.2 Surface Water Features

The dominant surface water features of the study area include creeks which internally drain the
outwash plain area and numerous lakes scattered throughout (See Figure 2-12). Rock Creek is
the principal drainage feature in the east study area draining to the Cedar River. Rock Creek
was identified by King County (1993) originating in the southeastern corner of the study area
near Lake 12 with flow north then west through the City’s Clark Springs property, eventually
flowing northward to the Cedar River.

Ravensdale Creek, Covington Creek, Jenkins Creek, and the Little Soos Creek all originate in
the drift plain west of Clark Springs. Each of these streams has a predominantly southwest flow
pattern and eventually discharges to Soos Creek which flows into the Green River near Auburn.

Little is known about the hydraulic connection of the creeks to the groundwater system but it is

suspected that a substantial relationship exists between the creeks and the shallow aquifer in the
study area. For example, during the wet winter months the streams may be recharging the
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~ groundwater system, while during the drier summer/early fall months the groundwater may be
discharging to streams providing baseflows. These relationships may affect the amount of
recharge to the aquifer system and groundwater flow patterns, particularly in the vicinity of the
streams. Runoff from the till and bedrock knobs in the study area drains either into these
streams or directly into the coarse-grained outwash deposits which surround the base of these
till-capped hills.

Lake Sawyer is the largest lake in the study area. Ravensdale Creek flows into the lake on its
east side and Covington Creek flows out from the lake on its west side. The lake, situated very
close to the Covington and Kent Springs supply sources, appears to be situated in till over much
of its subsurface area; however, a recessional outwash channel appears to occur in the northeast
and southwest lake areas hydraulically connecting the lake to the recessional outwash aquifer.

A hydrogeologic study of the Lake Sawyer area (Hart Crowser, 1990) identifies at least 10 times
as much outflow to the groundwater system as inflow indicating the lake as a source of recharge
to the groundwater system. The study estimates an average outflow of between 1 and 4 cfs
(range of 0.4 to 40 cfs) with the higher amount occurring during the dry season. Flow from the
lake to the groundwater occurs primarily in the north and west sides of the lake. Several smaller
lakes including Retreat Lake, Ravensdale Lake, Wildemess Lake, and Pipe Lake occur within
the project area and may also provide recharge to the groundwater system.

2.3 Surficial Geology

The geology of the study area is characterized by Tertiary bedrock uplands in the eastern portion
of the study area and a thick sequence of Quaternary glacial and alluvial sediments in the
western portion of the study area. The bedrock is commonly mantled by till and interspersed
with former drainage channels now infilled with glacial meltwater deposits. Moving westward,
the bedrock dives deep beneath the subsurface, and a thick and variable sequence of glacial and
interglacial sediments occur.

The west half of the study area is dominated by recessional outwash deposits at the surface.
These deposits mark a major drainage pathway for meltwater streams during retreat of the last
major glacial advance, the Vashon. Till-capped knobs underlain by pre-Vashon glacial and
interglacial sequences are interspersed within the outwash of the western drift plain. Figure 2-1
presents a surficial geologic map for the study area.

2.4 Recharge and Infiltration Potential

Precipitation is the principal source of recharge to the groundwater system. The surficial
geology plays a major role in the amount of precipitation that infiltrates the ground to become
recharge. Likewise the surficial geology and infiltration potential help define the susceptibility
of the groundwater system to water quality impacts and the ease with which contaminants can
move into the subsurface. In.terms of infiltration potential and aquifer vulnerability, there are
two distinct surficial geologic material groups in the study area:
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» The outwash plain deposits which are relatively permeable and allow good infiltration of
precipitation. Recharge is likely highest in these areas as is aquifer vulnerability to
contamination. Recharge rates in these deposits are estimated to range between 30 and 40
inches per year.

» The bedrock and till-capped hills, which are relatively low in permeability, have a lower
infiltration potential. However, these areas provide good recharge because the relatively low
infiltration capacity and steeper slopes cause runoff to the permeable outwash deposits
surrounding these hills. In terms of aquifer susceptibility, these materials are important
where they occur in the subsurface because they can provide some protection to deeper
aquifers. An aquifer susceptibility map is developed for the WHPA as discussed in Section
3.5.

2.5 Water Quality

The groundwater quality from the spring and wells sources is good. Regular water quality
monitoring conducted under the state Department of Health (DOH) reguliations includes analyses
for inorganic and volatile organic compounds every three years. The last inorganics analyses
was conducted at each of the sources in 1993; the last volatile organics analyses conducted at
each of the sources was in 1994. No contaminant concerns were indicated by the sampling
results. No volatile organics were detected. No inorganics were detected above the drinking
water standards.

Other special sampling conducted voluntarily by the City included 1/90, 8/91, and 8/93 priority
pollutant analysis for metals, volatile organics, semivolatile organics, cyanide, PCBs and
pesticides at the Clark Springs because of concerns about the Landsburg mine contamination.
None of these compounds of potential concern were detected during these sampling events. The
City also participated in a voluntary DOH Area-Wide Groundwater Monitoring Project for
Synthetic Organic Compounds. No synthetic organic compounds were detected during this
sampling.

Nitrate levels were reviewed for all three water sources to assess any potential degradation. The
nitrate data available are presented in Table 2-1.
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Table 2-1 - Nitrate Levels in Kent’s Water Sources

Year Clark Springs Kent Springs Armstrong
| Springs
B Nitrate Concentration in mg/L

1983 1.09 0.4 —

1986 0.7 0.4 0.2

1989 0.7 0.9 0.7

1993 1.1 0.7 1.1

While these data are well within the drinking water standard of 10 mg/L, there is some

indication that nitrate levels may be increasing. Additional data are needed to evaluate whether
this is a statistically significant increase.

2.6 Principal Geologic Units

The surface and subsurface geology are evaluated and characterized by interpretation of geologic
units using the SKCGWMP Background Data report and well drilling records (SKCGWAC,
1989). The geologic units identified in this report are consistent with the nomenclature used in
the SKCGWMP Background Data Report. Geologic conditions in the area east of the
SKCGWMP area were based on USGS reports (Vine, 1969) and work completed by Derek
Booth for the King County Cedar Basin Study (1993). The major units delineated and described
for this study and their characteristics are outlined below and delineated significantly on

Figure 2-1.

Vashon Recessional Qutwash (Qvr)

» Consists predominantly of well-sorted sand and gravel;

» Occurs at the surface as outwash plain throughout the study area with local areas of terrace
and valley train deposits in the easternmost study area;

» Has a relatively high infiltration capacity; and

» Is an important aquifer supplying water to the City’s spring sources.

Vashon Ice-Contact Deposits (Qvi)

» Consist primarily of sand and gravel but less sorted than the Qvr deposits;
» Occur at the surface east of Clark Springs;

» Have a moderate to high infiltration capacity; and

>

Are likely an important source of recharge for the Qvr aquifer in the eastern portion of the
study area.
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Vashon Till (Qvt)

»
>

Consists of a dense, unsorted mixture of clay, silt, sand, and gravel;

Occurs at the surface throughout the area capping bedrock knobs and uplands, and in the
subsurface beneath the Qvr in many areas;

Has low infiltration capacity restricting local recharge; and

Provides a protective layer to deeper aquifers from contaminant migration where it occurs in
the subsurface.

Second Coarse-Grained Unit Qc(2)

»
»
»

Oilder (than Vashon) glacial sequence possibly correlative with the Possession Drift sequence;
Consists predominantly of granular soils and may include till iayers;
Occurs at depth in western portion of the study area and in outcrops ata few locations in the

- southwest and northern portion of the study area; and

Is an important aquifer tapped by the Armstrong Springs, Kent Springs, and Covington
wells.

Second Fine-Grained Unit Qf(2)

»

Older interglacial sequence possibly correlative with the Whidbey Formation or the Kitsap
Formation,;

Consists primarily of fine-grained alluvial and lacustrine sand, silt, clay, and peat; and
Occurs primarily in the subsurface below the Qc(2) deposits and forms the lower boundary of
the Qc(2) aquifer tapped by the City’s wells.

Third Coarse-Grained Unit Qc(3)

»
| 4
>

»

Next older glacial sequence may be correlative with the Salmon Springs Drift;
Consists predominantly of coarse-grained materials and includes layers of till;
Occurs at depth below the Qc(2) aquifer tapped by the City’s wells and is typically
recognized by its oxidized condition; and

Next principal aquifer below the Qc(2).

Third Fine-Grained Unit Qf(3)

»
»

Next older fine-grained sequence may be correlative with the Puyallup Formation; and
Consists of a thick sequence of sand, silt, clay, and peat—difficult to distinguish from the

Qf(2).

Tertiary Bedrock (Thr)

»

»

Primarily sedimentary bedrock of the Puget Group but also includes local outcrops of igneous
rock;

Occurs at shallow depths and at ground surface in the eastern portion of the study area but
dives steeply to the west so that it is not a significant unit in the western portion of the study
area; and

Has low infiltration capacity restricting local recharge and generally considered to bound the
area aquifers.
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In addition to these primary units there are several other geologic units defined on the maps and
cross sections prepared for this report. These include the Recent Alluvium (Qal) which occurs
in the major river valleys along the margins of the study area, thin peat layers (Qp) which occur
locally throughout, and the Vashon Advance Qutwash (Qva) which, except for some minor
deposits beneath the Pipe Lake area, is largely absent from this area. Because these deposits
have no significant effect on the supply and transport of groundwater to the Kent supply sources,
they are not discussed much further herein.

2.7 Subsurface Geology and Groundwater Flow

As the surficial geology is important to the infiltration of precipitation, the characteristics and
distribution of geologic deposits in the subsurface are important to the movement of groundwater
to the wellhead. Subsurface cross sections were developed around each of the City’s Springs
properties to provide additional information on the subsurface stratigraphy, the layering and
occurrence of geologic units which define the aquifers, and the transport pathways for potential
contaminant movement to the wellheads.

The subsurface geology and its effect on groundwater flow around each of the source areas are
discussed below. Refer to the Surficial Geologic Map (Figure 2-1) and the Cross Sections
(Figures 2-2 through 2-11) which support the discussions.

2.7.1 Clark Springs Area

The Clark Springs are situated in a narrow, sediment-filted channel bounded by till-capped
bedrock knobs to the north and south. The infilled materials are very coarse-grained recessional
outwash sand and gravel deposited as the last glacier retreated from this area. These coarse-
grained glacial deposits, mapped as Qvr and Qvi on Figure 2-1, extend due east of the Clark
Springs property, then fan out to the north and south just beyond the Georgetown area. The Qvr
and Qvi comprise the aquifer which provides groundwater flow to Clark Springs. Cross sections
C1-C1’ through C4-C4’ (Figures 2-2 and 2-3) depict the generalized hydrogeology through the
Clark Springs aquifer area.

Bedrock confinement of the permeable outwash deposits to a narrow channel at the Clark
Springs property may be the cause of the springs which naturally emanate in this area. As
shown on Figure 2-1, bedrock surfaces again east, southeast, and southwest of Retreat Lake over
2 miles east of Clark Springs. In the area by Retreat Lake and southwestward, shallowing
bedrock causes the Qvr and Qvi to rise in elevation (See Well group 32A, Figure 2-3). This rise
distinguishes a nmorthwest-southeast trending trough of recessional outwash that occurs along the
east side of the bedrock knobs north and south of Georgetown and west of Retreat Lake. This
trough may represent former meltwater discharge pathways to the Cedar and Green Rivers and a
preferred pathway for groundwater flow through this area today.

Groundwater flow through the glacial deposits east of Clark Springs appears to be predominantly
east to west as shown on the Groundwater Elevation Contour Map, Figure 2-12. However,
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within the trough of recessional deposits along the east side of the bedrock knobs north and
south of Georgetown, a northward flow pattern is indicated.

There appears to be significant volume of groundwater flow moving through this foothills
recharge area. In addition to the groundwater flow toward the Clark Springs area (over 3,000
gpm), the existing data indicate there is a component of groundwater flow northward that
discharges to the Cedar River, and a component of flow southwestward moving through the
Ravensdale area toward the Kent Springs and Covington wellfields. In addition to supporting
these large water supply systems, King County (1993) maintains that the groundwater in this
area also provides a significant contribution to Rock Creek flow, the only major surface water
drainage in the eastern portion of the study area and an important fishery resource stream in the
Cedar River Basin.

2.7.2 Kent Springs Area

The Kent Springs property lies just north of Lake Sawyer within the glacial drift plain in the
western portion of the study area. In this area the bedrock dives steeply beneath a thick
sequence of glacial and interglacial sediments. The surficial deposits are predominantly Qvr, the
permeable recessional outwash deposits seen further east. Till-capped knobs are interspersed
within the flatter outwash channels. In this area the subsurface stratigraphy becomes more
complex with a thicker sequence of variable material types. Cross sections K1-K1* through
K3-K3’ (Figures 2-4 and 2-5) show interpreted subsurface stratigraphy around the Kent Springs
area.

The Kent Springs aquifer appears to be made up of two coarse-grained glacial sequences, the
Qvr and the Qc(2) units. At the Kent Springs property these units appear to be in direct contact
with each other, while to the north, east, and south, till typically separates these units. The till
occurrence is illustrated on Figures 2-4 and 2-5. Till appears to occur beneath the Covington
wells (Figure 2-4, Section K2-K2), parts of Lake Sawyer (Figure 2-5, Section K3-K3’), and
stretches beneath the ground surface between till-capped knobs to the northeast (Figure 2-1).
However, as you near the Kent Springs property, the till deposits thin or are absent. Limited
data also suggest that the till may also be absent for some distance west-southwest of the Kent
Springs (Figure 2-4, Section K1-K1’).

Geologic materials and seasonal behavior suggest the Kent Springs are derived from the
shallower recessional outwash (Qvr) and the wells are completed in the Qc(2) deposits. Use of
the springs occurs primarily in the wetter months of year and this would correlate with renewed
recharge of the shallower Qvr deposits. In the drier summer and early fall months the deeper
and more continuous Qc(2) unit provides a more reliable source. Well log data indicate the
Qc(2) extends throughout the area beneath the till-capped knobs while the extent of the Qvr
aquifer is limited by the till.

Groundwater flow through the Kent Springs vicinity is a continuation of the east to west flow

pattern discussed for the Clark Springs property. Moving westward from the Georgetown area
toward the Kent Springs property, groundwater passes through the bedrock-bounded recessional
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outwash channel around Ravensdale Lake into the drift plain in the western portion of the study
area. Water level and well log data suggest that much of the groundwater supplying the Kent
Springs property flows through the Ravensdale channel toward Lake Sawyer.

Near Lake Sawyer, the groundwater flow bends slightly northwest as it flows toward the Kent
Springs property. The aquifer supplying the Kent Springs also supplies the Covington Lake
Sawyer wellfield just south of the Kent Springs property (see Figure 2-1). The effect of Lake
Sawyer on groundwater flow is not well-studied. In the area of the Kent Springs, the geologic
data suggest hydraulic separation; however, as previously discussed, some recharge (range
between 0.4 and 40 cfs) to the groundwater system occurs. :

2.7.3 Armstrong Springs Area

The geology around the Armstrong Springs property is similar to the Kent Springs property.

The property lies within the recessional outwash plain and the wells appear to tap into the deeper
Qc(2), lying below the Qvr, in an area where the till seems to be thin or absent. Till occurs on
hills to the southeast and northwest and till-like material appears to extend beneath the Qvr in
these same directions away from the Armstrong Springs property. The till also appears eroded
away in the area 1-1/2 miles to northeast of the property within the recessional outwash channel.

Cross sections A1-Al’ through A6-A6’ (Figures 2-6 through 2-11) present generalized geologic
cross sections through the area around the Armstrong Springs. Sections Al-Al’, A2-A2’, and
A3-A3’ (Figures 2-6, 2-7, and 2-8) illustrate the apparent thinning of the till at the well site and
along the outwash channel to the northeast of Armstrong Springs. Figures 2-9, 2-10, and 2-11
indicate significant thicknesses of till to the east and west of the property.

Groundwater flow patterns around the Armstrong Springs property are more complex than at the
other properties because of multiple hydrogeologic boundary conditions. That is, several
regional recharge and discharge factors appear to affect groundwater flow in this area. Regional
recharge from the Lake Youngs area (SKCGWMP, 1989) creates a north to south flow pattern
toward the Armstrong Springs property. This fiow pattern converges with the regional east to .
west flow (dominating the Kent Springs property) in this same area. The Soos Creek valley,
located less than a mile west of the spring property, is a central discharge area for both of these
regional groundwater flow systems. Further complicating the groundwater flow interpretation is
the likely location of a groundwater divide two miles to the northeast of Armstrong Springs
where groundwater flow may be directed toward the Cedar River.
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3.0 WELLHEAD PROTECTION AREA (WHPA) DELINEATION

The hydrogeology described around each of the spring sources forms the basis for delineation of
the wellhead protection areas. A wellhead protection area is defined as the surface and

~ subsurface area surrounding a well {or spring) that supplies a public water supply through which
potential contaminants are likely to pass and eventually reach the water source (DOH, 1993).
Determination of the wellhead protection area (WHPA) is the first step toward development of a
wellhead protection program (WHPP) to manage the quality of groundwater-based drinking
water supplies.

Delineation of the WHPA is an important component of the WHPP to ensure that the area
managed will be protective of water quality and that no undue burden is placed on land use.
Under the state’s guidelines, the WHPA is determined based primarily on time-of-travel capture
zones. Time-of-travel capture zones are estimates of the area constituting the most likely travel
paths (based on travel times) of a hypothetical particle of water moving through the aquifer to
the pumping well.

Three travel time zones are defined; the 1-, 5-, and 10-year time-of-travel capture zones. In
addition, a buffer zone is considered to provide additional protection and compensate for any
errors in calculating the WHPA. The intent of protection within each of these areas is outlined
below.

» 1-Year Capture Zone. This zone is managed to protect the drinking water supply from
viral, microbial, and direct chemical contamination, and is the most intensely managed zone.
The 1-year zone corresponds to the area with the most acute need for protection because
there is not a great deal of time to identify a problem and take remedial action if a
contaminant enters the aquifer.

» 5-Year Capture Zone. This zone should be actively managed to control potential chemical
contaminants with an emphasis on pollution prevention. While there is more time for
response within the 5-year zone, all potential sources should be identified and controlled.

» 10-Year Capture Zone. Within this zone, existing medium and high risk potential
contaminant sources should be targeted to receive increased regulatory attention and technical
assistance to prevent pollution and reduce risk.

» Buffer Zone. This zone includes the area upgradient of the groundwater capture zones

which may include the remaining area of contribution and the recharge area to the aquifer
providing the water supply.

3.1 Capture Zones Based on Numerical Modeling
The wellhead protection area for the City of Kent’s spring sources was delineated primarily

using numerical modeling and hydrogeologic mapping. A humerical modeling approach was
used because of the size of the water system, the complexity of the hydrogeology and boundary
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conditions in the vicinity of the City’s Spring properties, and the susceptibility of the water
sources to contamination. Results of the numerical modeling were used to define time-related
capture zones.

The 1-, 5-, and 10-year capture zones were based primarily on development of a groundwater
flow model using MODFLOW. The hydrogeologic conditions discussed previously and
presented in the surficial geologic map, in subsurface cross section diagrams, and water level
contour data formed the basis for the model construction. To accommodate the expected overlap
of capture zones between the three spring sources, we developed an approximately 53-square-
mile model. The model was calibrated to the measured water level data and achievement of a
reasonable water balance for the overall system. Appendix B describes the numerical modeling
approach and presents the model configuration.

The groundwater flow model was linked to a particle tracking model, PATH3D, to define the
time-related capture zones. This particle tracking model releases particles from the wellhead and
tracks the movement of these particles backward in time to their point of origin. The analysis
was performed at each source area for a 1-, 5-, and 10-year period. The results of this analysis
are presented on Figure 3-1.

Because groundwater flow is generally from east to west in the study region, the predicted
capture zones generally extend east from the groundwater production areas. Because of the
relatively high hydraulic conductivities of the aquifers providing the supply, the capture zones
for the three City Springs sources overlap each other. The specific capture zone modeling
results for each of the City’s Springs properties are described below.

3.1.1 Armstrong Springs

The 1-year capture zone for Armstrong Springs extends approximately 5,000 to 6,000 feet east
of the production area. The 5-year zone extends another 6,000 feet east of the 1-year zone.
The 10-year zone extends roughly 10,000 feet further east in its northern portion and almost to
Ravensdale along its southern portion. Lower groundwater velocities predicted southeast of
Lucerne Lake and the till knob south of Clark Springs limit the northern portion of the 10-year
zone, while higher permeability sediments east of the Kent Springs area cause the capture zone
to extend further east in this area. The Armstrong 10-year capture zone overlaps with the Kent
Springs 1- and 5-year capture zones.

3.1.2 Kent Springs

The 1-year capture zone for the Kent Springs source also extends approximately 5,000 to 6,000
feet east of the source area. Following the course of highly permeable recessional outwash
deposits, the 5-year capture zone for Kent Springs extends east to the vicinity of Retreat Lake.
The 10-year capture zone moves further down the valley south of Retreat Lake in the area of the
glacial meltwater trough. The 10-year zone may extend as far as the surface water divide
between the Green River and the Rock Creek drainage basin where a groundwater divide is also
suspected to occur.
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3.1.3 Clark Springs

The 1-year capture zone for Clark Springs is approximately 11,000 feet, approximately twice as
long as the 1-year zone for the other source areas. The Clark Springs 1-year zone is
substantially longer than the others because more groundwater is produced from Clark Springs
and more permeable sediments were encountered east of Clark Springs compared to those
encountered in the other two production areas. The 5-year capture zone for Clark Springs
extends further east, ending in an area where the aquifer thins rapidly as the bedrock shallows.
Bedrock outcrops on the eastern edge of the study region form the eastern limit of the 10-year
capture zones.

The 1-, 5-, and 10-year capture zones from Clark Springs probably overlap the 5- and 10-year
capture zones from Kent Springs. The dividing line drawn on the map is based on the concept
of a dividing streamline. In reality, natural mixing in the aquifer, seasonal changes in
groundwater elevation, and variable groundwater withdrawals will cause this dividing line to
move somewhat north and south from the fixed position shown on Figure 3-1.

3.2 Surface Water Divide as Recharge Area

The surface water divide is used to distinguish the area providing recharge to the recessional
outwash channel areas surrounding the spring sources. This divide is delineated where surface
water runoff would move toward the capture zones. This area is particularly important in areas
where till and bedrock hills occur because of the potential for runoff and infiltration into the
more permeable recessional outwash deposits which surround these hills. The surface water
divides were identified based on review of King County Surface Water Management group
maps, local topography, and the predicted locations of the groundwater capture zones. The
surface water divides are depicted on Figure 3-1 by a bounding dash-dot line and shading.

3.3 Assessment of Data Uncertainties

There are a number of areas within the study area where hydrogeologic data are limited or
lacking. In these areas, hydrogeologic judgement based on experience in other similar
environments and interpretations presented in the SKCGWMP Background Data report were
used as the basis for our conceptual and numerical modeling. There are only a few areas where
limited data are most likely to impact the capture zopes. These are discussed below.

3.3.1 Groundwater Flow North-Northeast of Armstrong Springs

Little data exist on the aquifer properties north-northeast of Armstrong Springs. The relative
magnitude of the groundwater flow contribution from the north versus the east influences the
size and orientation of the capture zones. If more flow is derived from the northern area, the
Armstrong Springs capture zone could orient more northeasterly. Additional data need to be
developed in this area to better understand the flow contribution and its potential effect on
groundwater capture at the Armstrong Springs property, particularly since till may be absent in a
portion of this area. We address this uncertainty in development of a wellhead management area
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discussed later and with additional data collection recommendations in Section 7.0 Monitoring
Plan.

3.3.2 Quantity of Recharge

The groundwater moving through the aquifers is wholly derived from precipitation recharge.

The amount of recharge will have a significant effect on overall development of the groundwater
flow model. Recharge rates are, at best, rough estimates. Precipitation amount and patterns,
soil types, topography, and land use all affect the amount of recharge to the groundwater system.
We relied primarily on Landsburg precipitation data and the USGS summary graph of
precipitation-recharge relationships (USGS, 1993). Since the summary graph was based on a
recharge model for the Covington Upland area, this document should be reviewed when
available and consideration given to updating the groundwater flow model and capture zone
delineation using these data.

3.3.3 Agquifer Interaction with Surface Waters

A better understanding of surface water-groundwater interactions is needed to develop a more
accurate hydrologic budget for the area. Adquifer-surface water interactions could also impact
capture zones. For example, if we underestimated the degree to which Lake Sawyer is a source
of groundwater to the underlying aquifers, the actual Kent Springs and Lake Sawyer wellfield
capture zones may be substantially smaller than predicted. Likewise, a hazardous materials spill
or release to a stream could adversely affect groundwater quality in losing reaches of the stream.

Stream gaging with nearby groundwater level monitoring such as has been completed on Rock
Creek (a weir has been installed and is being monitored by the City of Kent) should be
conducted on Ravensdale, Covington, Jenkins, and the Little Soos Creeks for better
understanding of the surface water-groundwater interactions in the area.

3.3.4 Retreat Lake Area Groundwater Flow

Groundwater elevations, water table gradients, and groundwater flow rates through the drainage
leading from Lake 12 past Retreat Lake toward the Georgetown area and northward to the Cedar
River are not well known. Because the predicted capture zones for both the Kent Springs and

Clark Springs properties extend into this area, additional data need to be developed to more

accurately assess flow rates through this area and boundaries of the 5- and 10-year capture zones
for the Clark Springs, Kent Springs, and Covington sources.

3.4 Composite Wellhead Management Area - Kent/Covington WHPA

A composite map was made for wellhead protection management purposes to address
uncertainties in the hydrogeologic data and to include the capture zones for Covington’s Lake
Sawyer wellfield. Coordination of the wellhead protection activities has been a goal of program
development since the work began and is particularly important for the Kent Springs and Lake
Sawyer wellfields because of their close proximity. Additionally, capture zone delineation
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indicates overlap of the three City sources and the Lake Sawyer wellfield. To accommodate
these factors a proposed composite wellhead protection management area, the Kent/Covington
(after the two major purveyors) Wellhead Protection Area, is identified. This proposed
Kent/Covington Wellhead Protection Area is presented on Figure 3-2 and discussed below. The
specific time-of-travel capture zones for this proposed composite Wellhead Protection Area, are
delineated as Zone 1 (1-year zone), Zone 2 (5-year zone), and Zone 3 {(10-year zone).

3.4.1 Armstrong Springs

Zone 1 at Armstrong Springs includes the 1-year capture zone plus the area to the northeast
where the till appears to be thin or absent. As shown on Figure 3-2, Zone 1 is expanded
northward to the surface water divide. Without any confining layers between ground surface and
the aquifer supplying water to the Armstrong wells, the Qvr and Qc(2) aquifers are highly
vulnerable to any contaminant release. Given the absence of till, the lack of pumping test data,
and a poorly understood groundwater flow pattern, we believe inclusion of this area is
appropriate to ensure adequate protection. Zones 2 and 3 use this same concept of expanding
the 5-year and 10-year zones toward the surface water divide to incorporate uncertainties.

3.4.2 Kent Springs/Lake Sawyer Wellfield

Because of the proximity of the Kent and Lake Sawyer wellfield water supply sources we have
developed composite Zones 1, 2, and 3, based on the 1-, 5-, and 10-year capture zones
delineated by Hart Crowser and Robinson & Noble for their respective study areas. The Zone 1
boundary of both the Kent Springs and Lake Sawyer welilfield capture zones are slightly
expanded beyond the 1-year capture area to account for the more southerly location of the Lake
Sawyer wellfield, the more northerly location of the Kent wellfield, and to err on the
conservative side with respect to uncertainty in the outer 1-year boundary. The composite
protection area for Zone 2 also expands Kent’s 5-year capture zone to the south to account for
the more southerly location of the Lake Sawyer wellfield.

Precipitation on the small till-capped bedrock knob north of Ravensdale is likely to drain water
into the highly permeable outwash deposits around Clark Springs and within the Ravensdale
outwash channel. For this reason the protection area boundaries are extended to the surface
water divide in this area for both the Kent Springs/Lake Sawyer Zone 2 and the Clark Springs
Zone 1.

Zone 2 for the Kent Springs/Lake Sawyer wellfield source extends the 5-year zone modeled for
the Kent Springs source roughly 4,000 to 5,000 feet further south of Retreat Lake. Zone 2 is
thus a composite of the modeled 5-year boundary for the Kent Springs and the modeled 5-year
boundary for the Lake Sawyer welifield. Differences in the 5-year boundary for the Kent
Springs and Lake Sawyer wellfield stem from uncertainties in the amount of recharge occurring
in this area and a lack of good water level and hydraulic conductivity data.
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3.4.3_Clark Springs

Zone 1 for the Clark Springs source is proposed to include the City’s property and north and
south to the surface water divides. The surface water divide boundary is included based on the
likelihood that runoff from the low permeability till-capped bedrock surrounding the property
infiltrates into the high permeability outwash deposits comprising the aquifer. Because this could
happen over a very short period of time, we have extended these boundaries outward to include
this area.

The boundary of the Clark Springs Zone 2 is extended northward to the Rock Creek surface
water divide and bedrock outcrop. This larger area is proposed to account for uncertainties in
the amount of flow to the Cedar River through this area.

3.4.4 Consider Surface Water Divide as a Buffer Zone

The surface water divide should be considered a buffer zone for groundwater quality protection.
The hydrogeologic conditions indicate the potential for land use practices on adjacent upland
areas to affect groundwater quality by degrading surface water recharge quality. Examples
include; urban street runoff containing traces of gasoline or other petroleum products in areas
providing surface water recharge to the Armstrong Springs, and surface water runoff from
agricultural areas upland of the Clark Springs containing traces of fertilizers or pesticides.

The surface water boundary provides a margin of safety that addresses data uncertainties and
natural variability in aquifer characteristics. Incorporating surface water recharge into the
wellhead protection area is particularly important near Clark Springs. Because till-capped
upland areas and bedrock outcrops dominate the recharge area for the Clark Springs and Kent
Springs/Lake Sawyer wellfield source areas, runoff is a significant contributing factor to
groundwater quality as well as quantity. )

3.4.5 Future Data Collection Needs

Additional data could be collected to refine our understanding of groundwater flow to the water
supply source areas. Hydrogeologic data collection should primarily include water level
measurements, aquifer characteristics data, streamflow data, and water quality information.
These data will provide a means to more accurately describe the groundwater flow system and
refine the area model; thus providing a better tool for making groundwater-related decisions.
The primary data needs include:

» Water level and aquifer characteristics data {geologic description and transmissivity
estimates) north and west of Armstrong Springs in the Zone 1 area;

» Water level and aquifer characteristics data in the eastern portion of the Clark Springs Zone
1 to understand groundwater movement toward the Cedar River.
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» Review the USGS recharge model for the Covington Upland when it is available and assess
any model revisions that may be desirable;

» Water level and aquifer characteristics data in the Kent Springs/Lake Sawyer Zone 2 around
Retreat Lake; and '

» Streamflows gaging water level measurements around the Ravensdale, Covington, Jenkins,
and Little Soos Creeks to better understand the interaction of surface water with
groundwater.

Additional water quality monitoring is also recommended. Collection of regular water quality
data from appropriately placed wells could help provide an early warning of potential water
quality impacts as well as additional data for aquifer characterization. These data collection
efforts are discussed in more detail in Section 7.0 Groundwater Monitoring Plan.

3.5 Areas Highly Susceptible to Contamination

An evaluation of the aquifer susceptibility was performed to characterize the WHPA in
accordance with the Seattle/King County Health Department’s Sensitive Aquifer Recharge Area
designations. Although a portion of the study area was already mapped for susceptibility in the
South King County groundwater management planning process, more detailed hydrogeologic
analyses have been conducted for this wellhead protection study. Furthermore a significant
portion of the recharge area and WHPA extends beyond the eastern boundary of the South King
County Groundwater Management Planning area and the area mapped by King County. We
used the County’s methodology to delineate areas of high, moderate, and low infiltration
potential. This map will be used to achieve County recognition of the sensitive nature of the
welihead area.

The methodology used was consistent with the predominant method used by the Seattle/King
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