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1.0 INTRODUCTION

This report presents the approach for water supply at the proposed Pleasant Harbor Marina and
Golf Resort, and presents an analysis of the impacts and benefits of the water supply strategy on
the groundwater regime beneath Black Point and the proposed resort. The report is based on
our current understanding of the proposed development, climatic, and subsurface and
groundwater conditions.

The proposed marina and golf resort is located primarily on Black Point, bordering Hood Canal
in Jefferson County, Washington. The site is located within Water Resource Inventory Area
(WRIA) 16, in Sections 15 and 22 of T25N, R2W. As further discussed below, an existing
marina, campground, and other smaller commercial entities occupy the site; however, the site is
largely undeveloped. Figure 1 presents the proposed site plan.

The water supply approach for the development is an innovative mixture of use of existing
groundwater rights, aquifer infiltration, rainfall water harvesting, and treatment and reuse of
wastewater. Groundwater wells will be the potable water supply source for the resort. Water
for other uses, such as irrigation, will come primarily from wastewater and surface water
collected on the site. The resort water demand will be solely from on-site sources; as such, the
supply is dependant on climatic conditions. Irrigation requirements are highest during the drier
periods of the year; as such, water will be collected during the wetter periods and stored in a
central pond for use dunng the remainder of the year. Excess water collected from roads and
roof tops will be then infiltrated to the underlying aquifer to_maintain and enhance the aquifer
system beneath Black Point. ® 2 s¢ infe 1

The development will consist of construction of the golf course, lining of existing topographic
depressions, and construction of residences on the Black Point property; and remodeling and
construction of the marina facilities and additional housing.

This report presents the physical conditions of the site and groundwater observations and
analyses performed; we then provide analysis of the impacts and benefits to the aquifer system
based on the proposed site use. :

20  TOPOGRAPHY AND GEOGRAPHIC FEATURES

The proposed site plan and topographic features are shown in Figure 1. The majority of the
development encompasses a 220 acre part of Black Point. This area lies to the southeast of the
intersection of Highway 101 and Black Point Road. The ground surface throughout the area is
hummocky and reflects a site modified by glacial processes. The site includes a number of
kettles, which are large glacial depressions formed from melting of remnant ice blocks. Ground
surface elevations range from about 60 feet in the bottom of the deepest kettle, to elevation 320
feet on a hill in the southeast portion of the site. Though ground surface elevation varies
considerably across the site, the average site elevation is about 180 to 200 feet.
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Three of the larger kettles are located along about the central north-south axis of the site. The
northern kettle (A) is about 45 feet deep and roughly 1.4 acres in size at ground surface. The
central and largest kettle (B) is over 100 feet deep and about 13 acres in size. The southern
kettle (C) is also about 100 feet deep and about 4.5 acres in size. Most of the kettles on site are
roughly conical.

Three elongate ridges, or pronounced topographic highs, are found on the Black Point part of
the project area. These are roughly oriented in a northeast-southwest direction and range from
1,000 to 1,400 feet long. The upper surfaces of these ridges are fairly flat, and range between
270 and 320 feet elevation.

30 CLIMATIC CONDITIONS

Climatic conditions play an important role in the water balance of the resort and aquifer.
Climate governs irrigation requirements, infiltration requirements from harvested water, and
evaporation from ponds. As such, an understanding of local climatic conditions is necessary to
provide an understanding of water consumption, use, and availability at the site.

The site lies in southeastern Jefferson County adjacent to Hood Canal. The prevailing winds in
the region are from the west, as such, the site lies on the lee side of the Olympic Mountains, and
the area is buffered from large offshore storms. Low pressure off-shore weather systems
encounter the Olympic Mountains and are forced upward and over the mountains, releasing a
large percentage of the moisture on the west side of the mountains due to orographic effects. As
the systems move east over the crest of the mountains, temperatures increase and there is less
precipitation. This is locally referred to as the rain shadow effect of the Olympic Mountains.
The rain shadow effects in Jefferson County are strongest in the Port Townsend area; where less
than 20-inches of rainfall occur on average, and lessen toward the southern portion of the
County. Over 55 inches of precipitation fall in Quilcene, about 11 miles north of the site. Most
of the precipitation events in the site area are generated from southerly storms that move north
up the canal. The climate is marine; winter months are typically moderate and wet, while
summer months are typically mild and dry. The measured differences in precipitation at
stations along the east side of the County occur primarily in the winter months and are related to
rain shadow effects; most stations have similar summer month rainfall characteristics.

3.1 Climatic Data

The climatic data used for the site analyses were from the Quilcene 2 SW weather station (No.
456846). The period of record for this station provides over 58 years of data between June 4,
1948 to present. The average precipitation at Quilcene over the period of record was 55.43
inches. The total average daily precipitation for one year is 56.7 inches. Quilcene lies about 11
miles north of Brinnon and Black Point. Only two other long-term weather stations are in the
region: Port Townsend and Bremerton. Table 1 compares climatic conditions at these stations.
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As mentioned above, Port Townsend experiences less than half of the precipitation at Quilcene,
this and other topographic and marine conditions make this site unsuitable. Bremerton lies
about 15 miles east of the site. Though this site experiences a precipitation rate of 51.57 inches
per year, which is more typical to the site than Port Townsend, the precipitation and temperature
monthly patterns are different from that of Quilcene. The Quilcene station was selected because
it is closer to the site and lies in a similar geographic and climatic environment. The data from
weather stations from Port Townsend to Shelton suggest that rainfall on the west side of Puget
Sound increases from north to south; as such, since Black Point lies to the south of Quilcene, the
Quilcene data may provide a conservative estimate of rainfall at Black Point. If actual rainfall
conditions are higher at Black Point, then the water supply and groundwater recharge estimates
provided herein may actually under predict site conditions, which is conservative from water
supply prediction and aquifer impact standpoints.

Average daily weather parameters were downloaded from the Western Regional Climate
Center for the Quilcene gage. The available data of interest to this evaluation are average daily
precipitation and average daily maximum and minimum temperatures.

3.2 Evapotranspiration

Evapotranspiration is a calculated value that describes the combined loss of water through
evaporation from site soils, plant transpiration, and evaporation of intercepted water from
foliage. Potential evapotranspiration describes the amount of water that can evaporate from an
area under given climatic conditions; actual evapotranspiration describes the amount of water
that can actually evaporate given the amount of water in storage in the soils and plants. Actual
evapotranspiration is always less than potential evaporation in the Pacific Northwest because of
a moisture deficit in the summer months. The deficit is due to low precipitation and soil
moisture that has been consumed due to transpiration and evaporation processes. This deficit is
also an important variable when describing groundwater recharge conditions.

Potential evapotranspiration was calculated using the FAO Penman-Monteith (1998) method on
a daily basis from the Qulicene data set. This method is considered the international standard
for calculation of evapotranspiration. For comparison, evapotranspiration values were obtained
from Geology and Ground-Water Resources of Eastern Jefferson County, Water Supply
Bulletin No. 54 (1981). Figure 2 shows a comparison of precipitation and potential
evapotranspiration on an average daily basis for the year. The calculated annual potential
evaporation was 24.1 inches per year using the Penman-Monteith method, and 24.2 inches per
year using the Thornthwaite method in WSB No. 54.

40 GEOLOGY
The geologic conditions at the site are important to describe the origin, location, and

characteristics of aquifers and aquitards at the site; they provide information used to evaluate the
water supply and recharge conditions at the site.
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The site geologic conditions were obtained from existing published data, performing site
reconnaissance and geologic mapping, excavating 66 exploratory test pits, 5 infiltration tests,
and drilling 15 deep geotechnical borings to depths of 160 to 175 feet. The exploration logs are
provided in the Final Geotechnical Investigation Report by Subsurface Group LLC, November
2008.

The following provides a description of the geologic setting and soil types found at the
development site. A more detailed description of the site geology and soils is presented by
Subsurface Group (November 2008). That report also provides boring and test pit logs
collected for these evaluations.

4.1 Regional Geologic Setting

The project site lies on the boundary of the Physiographic province of the Olympic Mountains
and the Puget Sound Lowland which has a complex history of orogeny (mountain building),
volcanism, faulting, erosion, deposition of sedimentary rocks, and several periods of glaciations.
Bedrock was mapped by others (Tabor and Cady, 1978) and identified during our field
reconnaissance of the shoreline from the southern shore of Pleasant Harbor Marina to about 750
feet south of the northeast comner of Black Point. Bedrock consists of Crescent formation
basalt: slightly weathered fine grained, hard, slightly weathered. Generally the basalt is not
friable (sound bedrock) and has widely to very widely-spaced fractures.

During the Pleistocene (10,000 to 200,000 years ago), continental glaciation advanced in the
Puget Sound Lowland and the Olympic Mountains at least four times. The Fraser Glaciation,
particularly the Vashon Stade (last glacial advance about 13,000 to 19,000 years ago) has
modified the project area to its present topography. As the glacial ice known as the Puget Lobe
advanced into the project area, meltwater streams began depositing advance outwash deposits
of silt, sand, gravel and cobbles over ancestral topography.

Portions of the Puget lobe blocked the drainages of the outwash meltwater streams producing
ice dammed impoundments such as glacial Lake Leland. In the relatively quiet waters of the
glacial lake, glacio-lacustrine deposits of sandy silts, silts, and clays were deposited at the
bottom of the glacial lake. As the Puget Lobe advanced into project area, glacio-lacustrine and
outwash deposits were overrun by the advancing ice and a homogeneous mixture of silts, sands,
gravel, cobbles and boulders known as Vashon glacial till were deposited in and under the
advancing glacial ice.

As the glacial ice retreated, the project site experienced active ice margin deposition and later
area ice stagnation. Deposits of ice contact stratified drift were deposited along the margins of
the Vashon Stade glacial ice. As the glacier wasted and ice retreated, large blocks of ice were
left in place (stagnant ice) and Glacial Lake Leland began draining and releasing large volumes
of water that flowed through the area and eroded the Vashon Stade glacial deposits creating
kame terraces and eskers consisting of coarsely bedded sands, gravelly sand, sandy gravel
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recessional outwash. The large stagnant blocks of ice eventually melted and produced deep
localized depressions known as kettles.

4.2 Site Geology

The project sites are comprised of predominantly Vashon Age glacial soils that are
predominantly dense to very dense sand and gravel with varying amounts of silt and cobbles.
Older Pre-Vashon non-glacial deposits consisting of dense to very dense fluvial sands and hard
lacustrine silts and clays were observed in test boring MW-2 and exposed in the bluffs along
Hood Canal. Bedrock outcrops were not present on the site areas or within the depth of the
exploratory test pits and borings performed for this project.

The glacial processes that formed the current project landscape left a complex assemblage of in-
place and reworked soils overlying an eroded or faulted bedrock surface. Figure 11 presents a
geologic map of the site formulated from exploration data, reconnaissance, professional
publications, and interviews. The surficial deposits consisted predominantly of ice contact till
and advance outwash deposits. Recessional outwash was observed on most of the higher
elevation elongate ridge features observed at the site. The bluffs along the southern edge of the
property indicate advance outwash overlying older non-glacial fluvial deposits. The
assemblage of these and other soils form a complex stratigraphy that directly relates to the
aquifer conditions at the site. A summary of the significant soil types encountered is presented
below so the reader can gain an understanding of the differences between the soil types;
Subsurface Group 2008 provides a more thorough description of the soils on site. Descriptions
of the geologic deposits are presented in the following sections from youngest to oldest.

4.2.1 Vashon Glacial Deposits
Recessional Outwash (Qvro)

This deposit consists of a loose to medium dense stratified sand, gravelly sand, and sand and
gravel with scattered boulders. This unit is typically pervious.

Ice Contact Deposits (Qvi)

Ice contact deposits have been subdivided based on soil gradation characteristics into three
separate sub-units: glacial till, glacial outwash, and glacio-lacustrine. These units may grade
between each other in both the horizontal and vertical directions.

Glacial Till (Qvit)

The ice contact glacial till consists of a dense to very dense homogenous mixture of silt
sand, gravel, and cobbles. The glacial till in the kettle features can grade to sandy gravel
and gravelly sand with trace amounts of silt. The thickness of this unit can vary from a
few feet to tens of feet. Till typically acts as an aquitard due to its low permeability.

Glacial Outwash (Qvio)
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