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1 Introduction

Blue Coast Engineering (Blue Coast) prepared this Final (100%) Design — Basis of Design (BOD) Summary
Report to describe the design documents (drawings and technical specifications) for the estuary restoration
at Norwegian Point Park (NPP) in Hansville, Washington, developed by Blue Coast Engineering. The
summary information documented in this memorandum includes design assumptions, list of project
elements, material specifications, material volumes, and permitting considerations. The detailed BOD
information is provided in the Preliminary Design - Basis of Design Report (BODR) developed by Blue Coast
in December 2022 as part of the preliminary (60%) design effort for the restoration project.

1.1 Design Objectives

The design objectives for the project were identified during preliminary (60%) design and include the
following;

Restore the natural processes in lower Finn Creek that create and sustain habitats used by wild fish
populations, while meeting Kitsap County (landowner) flood objectives. These natural processes include fish
passage; sediment sorting, scour, delivery, and longshore drift; riparian shading, filtering, and bank stability;
and large wood recruitment (WFC 2019).

Provide a demonstration project in NPP to inform the public about the importance of protecting and
restoring watersheds in the context of wild-salmon recovery (WFC 2019).

The project will remove barrier culverts and the tide gate at the mouth of Finn Creek to restore natural
nearshore sediment transport and beach-forming processes, and provide fish access to nearly 2 miles of
spawning and rearing habitat within the watershed. The final project will provide the following:

Improve tidal inundation and saltmarsh habitats at the stream mouth and within the park.

Naturalize the ditched reach of Finn Creek through NPP by adding sinuosity, large woody debris, and a
native riparian corridor.

Incorporate interpretive signs within NPP.

Design criteria and assumptions are outlined in Section 11 of the Preliminary BODR (Blue Coast 2022) and
are summarized here for the 100% design.

1.2 Permitting Assumptions

The following permits are anticipated to be required for this project:

United States Army Corps of Engineers (USACE) Nationwide Permit 27

Washington Department of Fish & Wildlife (WDFW) Hydraulic Project Approval (HPA)
Washington State Department of Ecology (WA ECY) Section 401 Water Quality Certification
WA ECY Construction Stormwater General Permit

This project is anticipated to qualify for WDFW's Habitat Recovery Pilot Program, which is designed to
streamline the local and state environmental permitting process. As a result, the project is expected to be
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exempt from local permitting requirements through Kitsap County, except for the Flood Plain Development
Permit.
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2 Final Design Refinements

The following refinements were made to the preliminary (60%) design as part of the final (100%) design.

2.1 Levee Design

To prevent localized coastal flooding from the estuary onto neighboring properties, a levee will be
constructed around the proposed estuary restoration area. Aspect Consulting, LLC (Aspect) provided the
geotechnical basis of design for the levee in a technical memorandum, which is included as Attachment A.
Blue Coast provided the wave run-up and overtopping design criteria for the levee that were used to inform
the levee crest elevation and armoring requirements. Blue Coast's evaluation is provided in a technical
memorandum as Attachment B. Design constraints and design criteria from the geotechnical and coastal
engineering evaluations are summarized below.

2.1.1 Design Constraints

The design of the levee maximizes the restoration footprint despite space constraints of the site that include
the road and parking area along the western and southern perimeters, park amenities on the northwestern
perimeter, and private properties along the eastern perimeter.

2.1.2  Hydraulic Design Criteria

The hydraulic design criteria for coastal flooding and freshwater flooding at the site are as follows:

The project is designed to allow tidal inundation of the stream and estuary by removing the tide gate and
outfall, which will also decrease episodic freshwater flooding of adjacent properties caused by backwatering
of the stream channel when the tide gate is closed. Water levels in the proposed estuary project will be
dominated by the tidal water levels.

Coastal flooding and the FEMA-designated extent of the coastal floodplain will not be impacted by the
project. The defined coastal floodplain covers the entire project area and adjacent properties with or without
the project (see FEMA FIRM #53035C0050F). The levee is not designed to protect public or private property
adjacent to the project site from coastal flooding (i.e., tides, storm surge, and wave run-up).

The levee and estuary are designed to prevent localized freshwater flooding from the estuary onto
neighboring properties. In addition, complementing upstream culvert, stream channel, and other
improvements currently under design will reduce freshwater flood impacts south of the estuary. Based on
the above hydraulic design criteria, the levee crest elevation is designed to 14 feet NAVD88.! The crest
elevation provides more than 3 feet minimum freeboard from coastal overtopping during the highest
astronomical tide conditions (10.1 feet NAVD88) and more than 2 feet of minimum freeboard above the
design coastal flood elevation (11.8 feet NAVD88) in accordance with USACE guidelines (2000).

The wave run-up and overtopping design criteria are as follows:

The levee is designed for survivability against wave run-up and overtopping for a 50-year return interval
wave event combined with a design coastal flood elevation (11.8 feet NAVD88).

" North American Vertical Datum of 1988
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The allowable overtopping rate before concerns of breaching is 0.1 cubic feet per second (cfs)/feet (10
I/s/meter) for grass-covered earthen levees (USACE 2018; EurOtop 2018)—this is the design overtopping
threshold used for the project.

Based on the wave run-up and overtopping design criteria, Blue Coast recommends the following with
respect to the levee alignment and armoring (see Attachment B for more details):

Terminate the levee landward of the alignment termination point shown in the 60% design drawings to
move it landward of expected impacts from wave run-up. The toe of the levee slope should be at 12 feet
NAVD88 on the landward side of the beach berm. This applies to the north and south ends of the levee.

No action is needed to armor along the north and south side of the levee where there is bench at 12 feet
NAVDS88. This assumes the bench will dissipate wave energy and is relatively stable with respect to channel
migration as suggested by hydraulic modeling completed during the 60% design. However, higher water
levels in the future resulting from sea level rise may increase wave transmittal across the benches. This may
be addressed through adaptive management to add elevation to the benches, raise the levee crest elevation
or armoring along the levee slope.

The levee along the western slope of the estuary channel at the narrowest point of the estuary requires
armoring to protect against wave run-up and overtopping. The armoring should consist of two layers of
armor rock and a filter layer to protect the levee slope. The recommended median (Dso) rock size for
armoring is 1.0 feet (median weight = 175 Ib) with an armor layer thickness of 2.0 feet. The recommended
filter layer is 0.5 feet thick with a median rock diameter of 1.5 inches (0.13 feet). No geotextile fabric layer is
recommended based on the coastal engineering design criteria for the slope protection. The backside
(landward side) of the levee slope along the western levee alignment should be lined with quarry spalls
(filter rock material) to prevent against potential erosion from overtopping waves. Armoring on the levee
will transition back to earthen berm with tapered ends, as shown in the drawing detail.

The toe of the levee embankment along the eastern slope of the estuary channel at the narrowest point of
the estuary will be armored with WSDOT 12" Streambed Cobble that extends down the bank of the stream
channel to prevent scour of the stream channel bank at the toe of the levee at this location.

2.1.3  Geotechnical Design Criteria

The geotechnical engineering analysis of the levee design included the following components:
Review of the previous subsurface exploration and laboratory testing data.

Development of soil engineering properties.

Determination of critical levee section locations and geometry based on the coastal engineering analysis
completed by Blue Coast.

Settlement, stability, seepage, and liquefaction evaluations at the critical section.

2.14  Levee Design Criteria

Settlement analyses suggest that 6 to 8 inches of settlement will occur along the levee alignment; the
recommended overbuild thickness is 1 foot.
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Seepage guidelines from the USACE (2000) recommend a maximum vertical exit gradient at/near the
landside toe of the levee embankment of 0.5 (dimensionless). Additionally, Aspect assumed that excessive
levee seepage for the project is defined as 200 gallons per minute per 100 linear feet of embankment.

Liquefaction settlement (as a result of earthquake shaking) on the order of 4 to 8 inches is expected to
occur. Liquefaction will trigger evaluation of the levee post-seismic event.

Slope Stability was considered for three design cases: end-of construction, steady state seepage, and
sudden drawdown from full flood stage. The recommended levee geometry meets the minimum factors of
safety for levee stability.

Based on the above evaluated design criteria, the levee geometry is as follows:

Crown width of 6 feet; to be gravel-surfaced underlain with geotextile fabric for use as a trail/walking path
along Point No Point Road and Hansville Road. No gravel surface will be added to levee parallel to private
drive.

The top of the levee is defined as the top of the levee select fill and the base of the gravel surfacing.
The levee crown should be sloped at 2% away from the levee centerline to avoid water ponding.
The levee side slopes should not be steeper than 2.5H:1V (horizontal to vertical).

Additional recommendations for material (levee select fill, topsoil, base course, and geosynthetics),
construction, and additional geotechnical services are described in Attachment A.

2.2 Channel Scour and Migration Protection

The channel width and bank geometry, combined with the streambed sediment bed substrate, is designed
to reduce the risk of scour and lateral migration during flood events up to the 100-year flood.

2.2.1 Channel Bed Substrate

The channel bed will be composed of a 2-foot layer of WSDOT streambed sediment (section 9-03.11(1)),
which is a well-graded gravel and sand mix that is frequently used by WSDOT on constructed restored
streambeds. This bed composition will help to minimize the vertical scour and channel migration risk in the
restored estuary.

The Dso of WSDOT Streambed Sediment material can range between 0.25 and 1.0 inches. Using the critical
shear stress particle size reference table (USGS 2008), a median stable stone particle size (Dso) of 0.6 inches
or larger (Coarse Gravel) is predicted to be stable during the 100-year stream flow event in the estuary
channel coinciding with low tide conditions in Puget Sound. Therefore, the streambed sediment should
have a minimum Dsg of 0.6 inches. Some smaller fractions of the streambed sediment may become mobile
during high flow events, which is how a natural system would behave. These sediments will be gradually
replaced over time with deposition from sediment transported from upstream reaches of Finn Creek and
sediment entering the estuary from Puget Sound.

222 Bank Scour Protection

Riprap bank scour protection was designed to provide an additional level of long-term stability to the
estuary channel banks in key locations. The first key location is the areas of estuary channel bank adjacent
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to the outlet of the proposed culvert replacement project (Hansville — Buck Lake Road culvert replacement).
In this location, the width, height, and elevation of the diagonal crossing is yet to be determined; however,
it is anticipated that angular riprap revetment will be required in this critical location to provide bank scour
protection. The specific locations and size of this material will be determined after completion of the culvert
replacement design.

Downstream of the culvert outlet, there are four critical bends in the proposed estuary channel that will
require additional riverbank scour protection to limit the risk of long-term channel bank migration over
time. The computed stable particle size of this armoring was determined using the model-predictions of
the 2- and 100-year flood with MLLW tidal conditions. High stream flow combined with low tides is
representative of the steepest hydraulic gradient between upstream and downstream. Using the USACE
engineering manual (EM) 1110-2-1601 equations for riverbed armor sizing (USACE 1994), the computed
stable median grain size Dso on the channel banks is approximately 3.5 inches (cobble). The calculation
accounts for the bend curvature, the side slopes of the design channel, the model-predicted depth of flow
and velocity for both the 2- and 100-year flood events and includes a safety factor of 1.5.

The stable particle size for the channel banks immediately downstream of the culvert (approximate sta.
10+50 to sta. 9+00) will be revisited after the completion of the culvert design along with the large wood
design for this section of the channel. Cobble channel bank scour protection will be included at the three
additional bends downstream:

Sta. 8+00 to 7+30 left bank, next to the high marsh bench.
Sta. 5+50 to 3+50 right bank, where the channel is relatively close the east levee.
Sta. 4+00 to 2+00 left bank, where the channel is relatively close to the west levee.

Rounded cobble is more habitat friendly compared to traditional angular armor rock (i.e., riprap) and was
therefore selected as the bank protection material. WSDOT streambed cobble material was selected
because it provides a well-graded mix of cobble sizes and is habitat friendly in a stream and estuary
environment compared to angular stone. The corresponding WSDOT rounded cobble material (Standard
Specifications 9-03.11(2)) with a minimum Dso size of 3.5 inches is the 12" Streambed Cobble, which can
have conforming Ds sizes between 3.5 and 7 inches. The required thickness of the cobble layer will be a
minimum of 2 feet to provide a minimum of two layers of cobble (two times the D1go maximum grain size).
See sheet C-06 for locations of the bank scour protection locations.

2.3 Embedded Large Wood Design

The large wood design in the estuary was designed with a different intent than typical stream restoration
or culvert replacement projects. In stream restoration, large wood is often clustered together to provide
shade, shelter, and streambed complexity through scour and deposition. In coastal and estuarine
environments, the benefits of large wood can be similar, but placement is more critical due to the effects of
buoyancy on the wood stability. We also anticipate that some large wood from Puget Sound will be naturally
recruited to the restored estuary over time and provide habitat benefits at varying elevations in the estuary.

The intent of the embedded large wood design is to optimize the initial channel alignment to strategically
force tidal and freshwater flows to favor the opposite side of the estuary channel. This provides two key
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benefits: helps to discourage channel migration (in addition to the cobble armoring described above) and
reduces the flow velocity in the channel during outgoing tide conditions by breaking up the momentum of
the ebb tidal flows and freshwater flows.

The wood was designed in a series such that the flows during ebb tide would be redirected away from each
bend in the restored estuary channel (see sheets C-06 for locations of each large wood piece). In a tidal
environment, mechanical anchoring or chaining together multiple pieces of large wood is typically required
to maintain stability. Using the USDA large wood stability software (Computational Design Tool for
Evaluating the Stability of Large Wood Structures [Rafferty 2017]), it was determined that placement of the
exposed rootwad at the toe of the channel with the stem of the log embedded upstream and into the bank
would likely remain stable during flood tide conditions when the wood becomes completely inundated (the
details of this placement are shown on Sheet C-10). In addition, it was determined that the maximum size
of the large wood should be 20 feet in length with a mean diameter of 1.5 feet with an approximate rootwad
diameter of 4.5 feet. For large wood with typical dimensions, this would mean up to 18 ft of the stem could
be embedded on a 20-ft piece. The type of large wood selected is Douglas Fir.

After placement of the large wood, 2 feet of rounded cobble armoring will be placed on top of the
embedded large wood piece as shown on the drawings. This material is not required as ballast for the large
wood, but it will help to deter channel formation or channel migration into the channel bank behind the
large wood. These cobbles will only be placed on the channel banks adjacent to the rootwad and above the
embedded stem and because the cobble will be placed as a top-dressing and will protrude above the
surrounding grade (i.e., the channel bank), the cobble may move around over time—especially during
higher freshwater flows at lower tides. The cobble is not designed specifically as bank protection (Section
2.2.2) and is only intended to limit scour caused by the exposed rootwads. WSDOT 12" Streambed Cobble
was selected for the large wood scour protection. This is the same material that was determined to be
suitable for bank scour protection (Section 2.2.2) in accordance with EM 1110-2-1601 (ASCE 1994).

2.4  Stormwater Updates

Stormwater from the gravel parking lot and drive aisle areas were modeled by Pacific Surveying and
Engineering (PS&E) using the Western Washington Hydrology Model (WWHM v.3). Stormwater facilities
were sized in accordance with the WA ECY's Stormwater Management Manual for Western Washington
(SWMMWW; WA ECY 2019). Surface water runoff from these areas will be managed onsite with compost-
amended vegetated filter strips and washed rock infiltration trenches. The compost-amended vegetated
filter strips will be 18 inches deep and constructed per the SWMMWW Best Management Practice T7.40.
The 1.5-foot-wide infiltration trench will also be 18 inches deep. An 8-inch-diameter perforated pipe will
run the entire length of the infiltration trench adjacent to the gravel parking area to ensure that stormwater
is distributed throughout the trench to maximize infiltration. PS&E provided the stormwater design report
for the site in a technical memorandum which is included as Attachment C.

2.5  Planting Plan

Onsite plantings will consist of drought-resistant grasses, shrubs, and trees. Armored areas inside and
outside of the levee will not be planted. Unarmored interior and exterior sections of the levee surface will
be planted with erosion-control seed mix to prevent loss of levee soil materials. Plants in unarmored
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sections of the levee interior have been selected based on elevation, as some plantings will need to be
saltwater tolerant. The summary below lists proposed plantings based on elevation:

Levee and levee setback areas will be planted with a native erosion control see mix.

Riparian Area (defined as elevation 12 feet NAVD88 and above not on the levee) consists of a selection of
trees, shrubs, and live stakes, including maples, crabapple, spruce, pine, hemlock, willow, oceanspray,
serviceberry, twinberry, ninebark, rose, currant, and snowberry.

Transitional Area (elevation 11 feet to 12 feet NAVD88) consists of native grasses and groundcover,
including dune grass, strawberry, and gumweed.

Beach Backshore (elevation 9 feet to 11 feet NAVD88) along the shoreline will be planted with a variety of
salt-tolerant plants, including verbena, sedge, silverweed, sandwort, lupine, and burweed.

High Marsh (elevation 10 feet to 11 feet NAVD88) will be planted with aster, sedge, hairgrass, and gumweed.

Low Marsh (elevation 9 feet to 10 feet NAVD88) will be planted with jaumea, arrowgrass, silverweed, and
pickleweed.
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3 Project Elements

The Project elements included in the final (100%) design documents are summarized below:

Mobilization and site preparation: Construction will occur during the summer low-flow period and be
coordinated with the tides. To the extent possible, all work will be done in the dry.

Water management: Divert the stream at Hansville Rd NE through temporary bypass pipe to Puget Sound.
Install temporary fish block nets prior to coffer dam/bypass pipe installation. Install energy dissipation
splash pad at downstream bypass to reduce scour on beach.

Clearing and grubbing of vegetation within the work area limits: Remove and control of invasive species
(English ivy, bamboo, and Himalayan blackberry), trees, and timber rail fence.

Protect in place the existing boathouse and concrete bulkhead on shoreline in front of boathouse.
Remove the tidegate and manhole near the existing NPP parking area off Hansville Rd NE.

Remove concrete outfall from the shoreline area (approximately 5 feet landward of the OHWL) and fill
upland section of buried outfall with control density fill (CDF) prior to abandoning in place.

Relocate the existing gazebo, deconstruct, demolish concrete pad, build new concrete pad and reconstruct
gazebo. Relocation of existing fishing cabins will be completed by others prior to the start of construction.

Coordinate with Puget Sound Energy, who will be relocating identified overhead power poles and lines.

Remove the short, undersized culvert at the midpoint of the existing ditch adjacent to Hansville Rd NE and
backfill ditch.

Remove pump house at the midpoint of the existing ditch and backfill excavated area.

Excavate the upper estuary channel with a bottom width of 12 feet, a top width of approximately 38 feet
(varies), and a thalweg elevation of 5.5 feet NAVD88. The width of the channel will vary.

Transition excavation to that of the lower estuary channel with a bottom width of 26 feet, a top width of
approximately 70 feet (varies), and a channel bottom elevation of 5.0 feet NAVD88. The overall width of the
channel will vary.

Transition excavation to the outlet of estuary channel with a bottom width of 36 feet, a top width of
approximately 125 feet (varies), and a channel bottom elevation of 5.0 ft NAVD88.

Reuse excavated materials to create high marsh, fill, and levee areas, as required. Allow to dewater prior to
use, as required.

Place appropriate stream channel substrate and large wood within the excavated estuary channels.
Armor sections of the stream channel and levee areas, as required.
Construct private gravel roadway (east side of levee) and parking areas.

Protect in place stormwater system to the east of the project area adjacent to the new private gravel
roadway alignment.

Construct a crushed rock walking trail on the crown of the levee.

Final (100%) Design — Basis of Design Summary Report BLUE COAST
May 2024 9 ENGINEERING



May 29, 2024

Construct concrete stairs within levee embankment to access walking trail
Construct a crushed gravel parking area and paths along Hansville Road and within NPP.

Planting of native species along the levee, riparian corridor, transition area, back beach, high marsh bench
and low marsh areas.

3.1 Materials

Material specifications for the estuary restoration materials are provided below.

3.1.1 Levee Materials

Stockpiled soil from the channel excavation will be used to construct the levee. Levee Select Fill materials
shall be a well graded soil, free of organic and deleterious material. Suitable USCS soil types include ML,
SM, and SP-SM. Levee Select Fill may be from on-site or import sources. Levee Select Fill from onsite
sources should be screened and oversized particles and deleterious material removed. Fines (material
passing the No. 200 sieve) should have a maximum plasticity index of 40 and a maximum liquid limit of 45
percent. Levee Select Fill shall conform to the requirements shown in Table 3-1:

Table 3-1: Levee Select Fill Gradation

Sieve Size Levee Select Fill

3-inch 100
No. 200 (0.075 mm) 15 min.
Organic Content 1 max.

3.1.2 Streambed Sediment

Streambed sediment will consist of mixed sand and gravel that meets WSDOT 2022 standard specification
9-03.11(1) for streambed sediment. The material will be placed on the streambed of the channel to a
thickness of 1 foot to prevent scour and to reduce velocities in the channel. Streambed sediment has a
maximum diameter of 2.5 inches. For this project, the streambed sediment should have a minimum Dsg of
0.6 inches while meeting all other gradation requirements and WSDOT material specification requirements.

3.1.3 Rounded Cobble

The material selected for the top 2-foot layer of the cobble berm, as well as the apron for the embedded
large wood within the stream channel, is a well-graded rounded cobble stone that meets WSDOT 2022
standard specifications for 12" Streambed Cobbles Section 9-03.11(2) (WSDOQOT, 2021). This material is a
naturally rounded cobble material that provides a more natural-looking gravel berm and has less fine-
grained materials in the gradation. Like the pit run cobble, the design streambed cobble material has a
maximum particle size of 12 inches with a gradation presented below.

Table 3-2: 12 Inch! Rounded (Streambed) Cobble Gradation

Approximate Size Percent Passing (%)
12-inch 99-100
Final (100%) Design — Basis of Design Summary Report BLUE COAST
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Approximate Size

Percent Passing (%)

10-inch 70-90
5-inch 30-60
3/4-in 10 max.

May 29, 2024

Notes: 'WSDOT 2022 Standard Specifications for Road, Bridge, and Municipal Construction Division 9.

3.14 Large Wood (Beach Foreshore)

Logs should be placed irregularly (not anchored) above MHHW elevation and below elevation 12 feet
NAVD88, approximately four pieces per 25 feet. Large wood should consist of salvaged driftwood and
fallen tree logs (various species), stockpiled onsite prior to construction. Salvaged large wood can be reused
as driftwood, nurse logs, or woody debris.

3.1.5 Large Wood (Stream Channel)

Large wood will consist of 20-ft Douglas Fir logs with rootwad attached, and 1.5 ft average stem diameter.
Wood should be in good condition with no signs of rot.

3.1.6  Riprap Armor Rock

Armor rock will conform to WSDOT 2022 specification for Class A Rock for Erosion and Scour Protection, 9-
13.4(2). Class A Rock has a median diameter of 8 to 12 inches. Armor rock must be durable and angular
stone.

3.1.7 Filter Rock

Filter rock will consist of a well graded 4- to 8-inch angular quarry spall rock that is clean and free of debris.
The material should not contain significant quantities of elongated or flat rocks. The gradation shall conform
to WSDOT 2022 specification 9-13.1(5) Quarry Spalls material as shown below in Table 3-3.

Table 3-3: Filter Rock Gradation

Approximate Sieve Size (inches)

Percent Passing (%)

8" 100
3" 40 max.
3" 10 max.

3.1.8  Chinking Rock

A chinking material shall be a minimum of 4 inches average dimension. The maximum dimension of
chinking material shall not exceed 8 inches on any side. Individual imported filter rocks that meet the armor
rock chinking material size requirements can be used for chinking material.

3.1.9  Crushed Surfacing
Crushed surfacing base course and top course will conform to WSDOT 2022 specification 9-03.9(3).
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3.1.10 Topsoil and Amendments

Topsoil Type A will conform to WSDOT 2022 specification 9-14.2(1). Topsoil Type B will conform to WSDOT
2022 specification 9-14.2(2). Fertilizer will conform to WSDOT 2022 specification 9-14.4. Mulch and
amendment will conform to WSDOT 2022 specification 9-14.5(2). Bark and wood chips will conform to
WSDOT 2022 specification 9-14.5(3). Compost will conform to WSDOT 2022 specification 9-14.5(8).

3.1.11  Plant Materials and Appurtenances

Plant materials will conform to WSDOT 2022 specification 9-14.7. Seeding material will confirm to WSDOT
2022 specification 9-14.3. Stakes, guys, and wrapping materials will conform to WSDOT 2022 specification
9-14.8.

3.1.12  Temporary Erosion and Sediment Control

Biodegradable erosion control blanket materials for slopes (flatter than 3H:1V) will conform to WSDOT 2022
specification 9-14.6(2)B. Coir log materials will confirm to WSDOT 2022 specification 9-14.6(7). Wattle
materials will confirm to WSDOT 2022 specification 9-14.5(5). Silt fence materials will confirm to WSDOT
2022 specification 9-14.6(9). Permeable ballast for the construction entrance will conform to WSDOT 2022
specification 9-03.9(2).

3.2 Geometry and Material Volume Estimates

Engineer's estimates of material volumes are provided in Table 3-4:

Table 3-4: Material Volume Estimates

Description Estimated quantity
Mobilization/Demobilization LS 1
Construction Surveying and Record Drawings LS 1
Clearing and Grubbing ACRE 7
Relocate Pavilion LS 1
Creek Diversion Measures LS 1
Water Pollution Control LS 1
Excavation for Channel Construction cYy 13,171
Disposal of Structures and Obstructions TON 300
Furnish and Place Streambed Cobble TON 1,333
Furnish and Place Streambed Sediment TON 2,456
Furnish and Place Armor Rock TON 308
Furnish and Place Filter Rock cy 52
Furnish and Place Quarry Spalls cy 44
Furnish and Place Large Wood in the Estuary Channel EA 20
Place Large Wood in the Shoreline EA 20
Procure and Install Concrete Wheel Stops EA 65
Procure and Install Parking Signs EA 5
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Description Estimated quantity
Procure and Install Removable Bollard EA 2
Furnish and Place Geotextile Material SY 1,450
Place and Grade Levee Materials cYy 11,040
Furnish and Install Gravel Base Course for Parking, Driveway, TON 1,815
Spreader
Furnish and Install Crushed Surfacing Top Course for Parking, TON 406
Driveway
3/4" Crushed Rock TON 256
Compost Amended Vegetated Filter Strip SY 4,082
Construction Geotextile Sy 627
Underdrain Pipe 8 In. Diam. LF 850
Type 1 Catch Basin EA 7
Water Service Transfer - Replace 2-inch Potable Water line EA 435
Place and Grade Stockpiled Sand cy 325
Topsoil A Material cY 836
Topsoil B Material cy 312
Furnish and Place Compost Amendment cy 216
Furnish and Place Wood Chip Mulch cy 220
Waterfow! Exclosure Fencing SY 1,477
Furnish and Plant Trees (5 gal) EA 40
Furnish and Plant Shrubs (2 gal) EA 935
Furnish and Install 10 In-Cu plugs EA 7,783
Seeding SF 94,000
Furnish and Install Livestakes EA 593
Furnish and Install Coir Fabric Sy 1477
Furnish and Install Coir Log EA 130
Install Salvaged Tree Snag EA 3
Install Log Edging EA 1
Concrete Stairs SF 320
Furnish and Construct Rock Pedestrian Path TON 255
Galvanized Metal Hand Railing LF 128
Procure and Install Log Barrier in Parking Area LF 128
Relocate Utility Poles Along Private Driveway EA 2

Notes: All costs are in 2024 dollars.

3.3  Engineer’s Opinion of Construction Cost

Based on design elements illustrated in the final design drawings, which are included as Attachment D, and
narrative in this section, an engineer’s opinion of construction cost has been developed for the Project. The
total cost, which is included as Attachment E, for the Project elements shown on the design drawings is
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estimated at $3,000,000. This cost estimate does not include Kitsap County’s diagonal culvert replacement
as that will be completed during the next phase of design. Assumptions included in the cost estimate are:

e (Clearing and grubbing.

e Demolition of existing tide gate, outfall, derelict pumphouse, and culvert (located at the midpoint
of the existing ditch adjacent to Hansville Rd NE).

e Relocation of the gazebo structure, including the concrete foundation structure.
e Temporary diversion of Finn Creek away from active construction areas.
e Excavation and grading within the Work Area Limits.

e Furnishment and placement of 1,335 cubic yards (CY) of streambed cobble and 2,500 CY of
streambed sand for placement within the excavated streambed.

e Placement of re-use material within the project area, including estuary and levee areas.

e Furnishment and placement of 220 CY of armor rock, 52 CY or filter rock, and 44 CY of quarry spalls
for placement on a section of the levee vulnerable to wave action.

e  Furnishment and placement of 1,000 CY of crushed surfacing base course and 220 CY of top course
for the parking areas. private roadway, and pedestrian trail areas.

e Construction of approximately 4,400 square feet (SF) of Compost Amended Vegetated Filter Strips
and 2,750 SF infiltration trenches to manage surface water onsite.

e Furnishment and placement of large wood in the stream.

e Relocation of private driveway and a 2-inch potable water line serving private properties adjacent
to the Park.

e Relocation of two utility poles along the private driveway.

e Riparian plantings (trees, shrubs, grasses, seeding) and bird exclosure.

e Four sets of concrete stairs that provide access to the pedestrian trail on top of the levee.
e Mobilization and de-mobilization costs are 10% of the overall construction cost.

e A 9% sales tax for Kitsap County.

Fishing cabins will be relocated by others prior to the start of construction. Fish exclusion will be completed
by WFC prior to the stream diversion is in place. Additionally, costs for the culvert replacement and the
public utility pole relocations along Hansville Rd NE and NE Point No Point Rd are not included in this
estimate.
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To: Jennifer Allen
Senior Scientist
Blue Coast Engineering

From:
Kale D. Spina, EIT Andrew J. Holmson, PE
Staff Engineer Sr. Associate Geotechnical Engineer
kspina@aspectconsulting.com aholmson(@aspectconsulting.com
Re: Norwegian Point Park Restoration Project — Levee Basis of Design

This memorandum presents the results of Aspect Consulting, LLC’s (Aspect) geotechnical
engineering analyses and basis of design for the earthen levee associated with the Norwegian point
Park Restoration Project (Project). The Project is located on Kitsap County Parcels 162802-4-097-
2000 and 162802-4-086-2003, -2102, -2201, -2300, -2409, -2508, -2607 in Hansville, Washington
(Site; Figure 1).

Aspect previously completed subsurface explorations at the Site (Aspect 2019, 2022) and a
preliminary geotechnical engineering report for the Project. This memorandum utilizes the
previously completed subsurface exploration data along with design updates described below to
document the basis of design for the levee.

1 Project Description and Background

The primary goal of the Project is to restore estuary and floodplain processes near the mouth of
Finn Creek at the Site. Finn Creek enters the Site via a 3-foot-diameter corrugated metal pipe
(CMP) that carries the creek below the intersection of Hansville Road NE and NE Point No Point
Road and into a ditch at the southwest corner of the Site. The creek currently flows in a ditch along
the west boundary of the Site and through a culvert to Puget Sound.

To restore the mouth of the creek, the culvert and a tide gate will be removed, and a new tidally
influenced creek channel will be graded through the Site. During high tides, the Site will become
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inundated, necessitating a levee to provide flood protection to the adjacent properties. The culvert
beneath the intersection of Hansville Road NE and NE Point No Point Road will be replaced with a
larger structure as part of a forthcoming design managed by the Kitsap County Department of
Public Works. The culvert will be a penetration through the proposed levee.

We understand grade control in the form of 12-inch cobble and coarse streambed materials will
prevent appreciable creek channel vertical scour or lateral migration. Scour/erosion protection will
be required in constricted areas, around the outlet of the proposed culvert at the southwest corner of
the Site, along a northeastern portion of the levee, and on a section of the northwestern portion of
the levee in an area where wave runup and overtopping is anticipated.

Blue Coast Engineering (Blue Coast) has advanced the Project design with the current concept
shown on Figure 2.

1.1 Levee Design Criteria

We evaluated the proposed levee in general accordance with guidance provided in the following
USACE design manuals:

* Engineering Manual (EM) 1110-2-1913 Design and Construction of Levees (USACE,
2000).

* EM 1110-2-1902 Slope Stability (USACE, 2003)
e EM 1110-1-1904 Settlement Analysis (USACE, 1990)

* EM 1110-2-6053 Earthquake Design and Evaluation of Concrete Hydraulic Structures
(USACE, 2007), as referenced by the Engineering Regulation (ER) 1110-2-1806
Earthquake Design and Evaluation for Civil Works Projects (USACE, 2016)

* Engineering Technical Letter (ETL) 1110-2-569 Design Guidance for Levee Underseepage
(USACE, 2005)

The design levee heights and basic geometry used in our analyses were based on our preliminary
recommendations and communications with Blue Coast. The levee design heights were determined
based on the 1 percent annual probability of exceedance flood, or 100-year flood plus 2 feet of
freeboard. In addition to the 2 feet of freeboard, the levee design height includes an appropriate
allowance for future levee embankment settlement.

Source material for the levee is anticipated to come from the on-Site excavations for the new creek
channel or other local sources with materials meeting the design requirements.

1.2 Site Conditions

We previously provided a preliminary geotechnical engineering report which included our high-
level conclusions and recommendations regarding this Project, as well as a memorandum
addressing evaluation of impacts of groundwater hydrology and salinity (Aspect, 2019 and Aspect,
2022). We have included the exploration logs and lab results from our previous report as Appendix
A and Appendix B of this report, respectively.

The Site is relatively level and bound by Puget Sound to the north, NE Point No Point Road to the
south, single family residences to the east, and Hansville Road NE to the west. Finn Creek enters
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the Site in the southwest corner and flows north into the Puget Sound. See Section 2.1 of our
preliminary report for a full description of the Site surface and subsurface conditions.

2 Geotechnical Engineering Analyses

Our geotechnical engineering analyses for the proposed levee included reduction of the previous
subsurface exploration and laboratory testing data, development of soil engineering properties,
determination of critical levee section locations and geometry based on design updates by Blue
Coast, with settlement, stability, seepage, and liquefaction evaluations at the appropriate critical
section. The following sections describe the basis of our methodologies, key assumptions, and
results.

2.1 Soil Engineering Properties

We developed soil engineering and hydrogeologic properties based on the results of the previously
completed subsurface explorations, lab test results, empirical correlations with standard penetration
test (SPT) blow counts, empirical formulas for estimating hydraulic conductivity, literature review,
and our experience with the local geology.

For levee embankment materials, we assumed a uniform levee section consisting of levee select fill.
Based on our understanding of the Project design, we have assumed the levee select fill will be
derived from the excavations for the proposed creek channel. Based on this likely levee select fill
material, we developed representative engineering properties for use in our analyses. To account for
the range and variability of each material, we also varied the engineering properties used in our
analyses for sensitivity scenarios and to help verify the assumed engineering properties.

Specific references utilized in the development of the soil engineering and hydrogeologic properties
include the WSDOT Geotechnical Design Manual (GDM; WSDOT, 2019), the Navy Facilities
Engineering Command (NAVFAC) Design Manual 7.1 (NAVFAC, 1986), USACE EM 1110-2-
1904 Settlement (1990), and USACE 1110-2-1901 Seepage Analysis and Control for Dams (1993).

The soil engineering and hydrogeologic properties used in our geotechnical engineering analyses
are shown on Table 1, attached to this report.

2.2 Levee Section Analyzed

We evaluated a single critical section for the proposed levee, shown on Figure A and at the location
shown on Figure 2.
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Material Name Color

Levee Fill

Existing Fill

Wetland Deposits (Peat)

Beach Deposits

Beach Deposits (Lig)

Floodplain Fill

Figure A. Critical levee cross section analyzed using Slide2 (Rocscience, 2022).
The section we analyzed is located at approximately STA 20+00 along the levee alignment. We
deemed this location to be critical because it is where the planned creek channel is closest to the
levee. Consequently, this section will contain the smallest amount of flood plain fill between the

levee and the water in the creek driving seepage. We also assumed this section will have worst case
thickness of fibrous peat wetland deposits (four feet) underlying the levee.

2.3 Earthquake Engineering

Following the procedures outlined in United States Army Corps of Engineers (USACE)
Engineering Manual (EM) 1110-2-6053 Earthquake Design and Evaluation of Concrete Hydraulic
Structures (USACE, 2007), we have determined seismic parameters for design as presented in
Table 2 representing an Operating Basis Earthquake (OBE). The OBE is the level of ground motion
for which the levee is able to maintain operation with little to no damage. It corresponds to a 50-
percent probability of exceedance over a Project service life of 100 years, which corresponds to a
144-year return period event.

The OBE has an associated moment magnitude (Mw) and effective peak ground acceleration
(PGA).

The National Earthquake Hazard Mapping Program (NEHRP) expresses the effects of site-specific
subsurface conditions on the ground motion response in terms of the “Site Class” (NEHRP, 2003).
The Site Class can be correlated to the average standard penetration resistance (SPT) or average
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shear wave velocity in the upper 100 feet of the soil profile. Based on our observations from the
subsurface exploration programs, we recommend Site Class D/E as a representative site class
description of the upper 100 feet of the soil profile at the Site. Site Class D/E represents stiff soil on
a scale of soft clay soil to hard rock.

The USACE EM 1110-2-6053 presents guidelines for determining the effective PGA based on the
soil Site Class designation. The U.S. Geological Survey (USGS) has completed probabilistic
ground motion studies and design maps for Washington (USGS, 2014).

Table 2 below outlines the earthquake parameters used in our analyses.

Table 2. Design Ground Motion Parameters

Parameter OBE Value
Site Soil Class “D/E Boundary” — Stiff Soll
Return Interval 144-year
Mean Magnitude Earthquake, Mw®?® 71
Mean Distance to Epicenter, km®3) 68.94
Effective Peak Ground Acceleration, g (PGA) 0.227

Notes:

1) OBE = Operating Basis Earthquake

2) Based on the latitude and longitude of the Site: 47.916311°, -122.546262°
3) Values taken from the USGS Unified Hazard Tool (USGS, 2014)

4) g = acceleration of gravity

2.4 Settlement

We evaluated settlement using the software program Settle3D (Rocscience, 2023), a 3-dimensional
finite element analysis program that calculates settlement, stress, and pore pressures through a
3-dimensional soil volume.

Key inputs into Settle3D are soil engineering parameters such as elastic modulus and time-
dependent consolidation parameters, groundwater conditions, and loading conditions. Through
finite element analysis within the subsurface, Settle3D computes three-dimensional stress changes
and one-dimensional (vertical) settlement and pore-pressures.

The key outputs from the settlement analyses are elastic settlement, primary consolidation, and
secondary compression at user-defined time intervals.

The results of our settlement analysis are presented in Table 3 below. The results of the settlement
analysis are the basis for our recommended overbuild thicknesses discussed in Section 3.9.

Table 3. Settlement Analysis Results

Elastic Consolidation Secondary Long-Term Total
Settlement, Settlement, Compression, | Settlement, | Settlement,
inch® inch® inch® inch® inch
0.18 6.7 1.27 6.97 8.11

Notes:

1) Elastic settlement is anticipated to occur as the levee is built.
2) Measured in 0.3,1 ,2 ,5-,10-, 25-, and 50-year time stages.

3) Long-term settlement = consolidation settlement + secondary compression
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2.5 Seepage

To evaluate seepage through the proposed levee embankment, we performed steady-state seepage
analyses using the finite element analysis groundwater module within the computer program Slide
(Rocscience, 2022). The Slide program groundwater module is a two-dimensional, finite-element
program that simulates fluid flow and estimates pore-water pressure distribution in saturated and
unsaturated porous material.

Key inputs into the Slide groundwater module are levee embankment geometry, soil hydraulic
properties (horizontal hydraulic conductivity, kn), and ratio of vertical to horizontal hydraulic
conductivity (kv:kn) and known boundary conditions (in this case, steady-state flood total head
conditions). Through iterative calculations of successive finite element runs, the groundwater
analysis module computes the pressure head throughout the model and determines the piezometric
surface, flow directions, gradients, and seepage potential.

Key outputs from the Slide groundwater module are the vertical exit gradients at/near the toe of the
levee and levee seepage through the levee toe per 100 linear feet of embankment.

2.5.1 Design Requirements

We performed seepage analyses in accordance with the United States Army Corps of Engineers
(USACE) Engineering Technical Letter (ETL) 1110-2-569 Design Guidance for Levee
Underseepage (USACE, 2005). These guidelines recommend a maximum vertical exit gradient
at/near the landside toe of the levee embankment of 0.5 (dimensionless). In addition, we have
assumed that excessive levee seepage for the Project can be defined as more than 200 gallons per
minute (gpm) over 100 linear feet of embankment (USACE, 2005).

2.5.2 Design Conditions for Analysis

We performed steady-state seepage analyses to evaluate groundwater flow through and beneath the
proposed levee at the critical section outlined in Section 2.2 of this report. We considered three
water levels in our steady-state seepage analyses representing the average tidal water surface
elevation (WSE), the 100-year WSE, and the bank-full WSE (BCE, 2023). These water levels are at
Elev. 7.4, Elev. 10.13, and Elev. 14, respectively, and are shown on Figure C-1.

2.5.3 Seepage Analyses Results

The results of our seepage analyses are presented in Table 4 below and shown graphically in the
attached analysis output Appendix C (Figures C-1 through C-4). Our steady-state seepage analyses
indicate that seepage through the levee embankment is unlikely to manifest in excessive vertical
exit gradients or excessive seepage, as defined in Section 2.5.1, indicating the proposed levee
sections and design are sufficient from a seepage perspective and meet the Project design and
USACE criteria.

! Elevations used in analysis are in reference to the NAVDSS vertical datum.
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Table 4. Seepage Analysis Results

Vertical Flow per 100
Analysis Levee Water Surface Hydraulic Exit linear feet of
Output Figure Conditions Elevation Gradient" levee, gpm®
C-1 Long-term } ) )
(Master Scenario)

C-2 Long-term 100-yr Flood 0.12 30.3

C-3 Long-term Average Tidal 0.04 9.9

Cc4 Long-term Bank-Full® 0.24 61.0

Notes:

1) Vertical hydraulic exit gradient measured within 5 feet of the levee toe.

2) Discharge in gallons per minute (gpm) per 100 linear feet of levee embankment, measured within 5 feet of
the levee toe.

3) Representing water levels up to the crest of the levee.

2.6 Liquefaction

We conducted liquefaction evaluations using WSliq, a liquefaction analysis software program that
was created as part of an extended research project supported by WSDOT. Liquefaction occurs
when loose, saturated, and relatively cohesionless soil deposits temporarily lose strength as a result
of earthquake shaking. Primary factors controlling the development of liquefaction include intensity
and duration of strong ground motion, characteristics of subsurface soil, in sifu stress conditions,
and the depth to groundwater. Potential effects of soil liquefaction include temporary loss of shear
strength and liquefaction-induced settlement and ground movement which could result in damage
to the levee.

Key inputs into WSIiq are the subsurface profile, including the relative density of the soil, standard
penetration blow counts (“N-values™), fines contents, moisture contents and groundwater levels,
grain-size dso values, Atterberg limits, earthquake magnitude, distance to epicenter, and peak
ground acceleration (PGA). With these inputs, WSliq computes the factor of safety (FS) of the soil
layers to liquefaction, which is defined as a ratio of cyclic resistance ratio (CRR) to cyclic stress
ratio (CSR), and CRR is defined as the capacity of soil to resist liquefaction and CSR is defined as
the seismic demand to a soil layer. A FS less than 1.0 indicates liquefaction will occur in that soil
layer. For soil layers with FS less than 1.0, WSliq can then compute the response spectrum of the
soils, potential for lateral spreading and settlement, and residual strength of liquefied soils after the
earthquake event.

Key outputs from WSIliq include anticipated settlement due to liquefaction, residual shear strengths,
and magnitude of lateral spreading.

2.6.1 Design Requirements

Following the procedures outlined in United States Army Corps of Engineers (USACE)
Engineering Manual (EM) 1110-2-6053 Earthquake Design and Evaluation of Concrete Hydraulic

Structures (USACE, 2007), we have determined seismic parameters for the OBE as presented in
Table 2.
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2.6.2 Liquefaction Analyses Results

The results of our liquefaction analyses indicate that liquefaction settlement can be anticipated
within isolated layers of the beach deposits which underlie the levee. We anticipate liquefaction
settlement on the order of 4 to 8 inches. Our results also indicate that lateral spreading is expected
to be on the order of a couple inches. Liquefaction of the isolated layers of the beach deposits will
trigger residual shear strength conditions and require evaluation of stability in the post-seismic case.

It should be noted that similar levels of ground deformation should be expected across the greater
floodplain at and near the Site with potential for damage to roadways, utility infrastructure, and
other structures. In our opinion, these predicted ground deformations resulting from liquefaction
can be repaired through conventional grading and earthwork-oriented methods along the levee and
the risk of a significant flood event coinciding with or occurring shortly after the OBE earthquake is
low.

2.7 Slope Stability

To evaluate slope stability of the proposed levee embankment, we performed analyses using the
slope stability module within the computer program Slide (Rocscience, 2022). The Slide slope
stability module is a two-dimensional, finite-element program that performs slope stability
computations based on the modeled slope conditions and calculates factors of safety against slope
failure. The factor of safety is defined as the ratio of resisting forces to driving forces. A factor of
safety of 1.0 indicates a “just-stable” condition, and a factor of safety less than 1.0 would indicate
unstable conditions.

Key inputs into the Slide slope stability module are levee embankment geometry, soil parameters
such as unit weight, soil shear strength parameters (friction angle and cohesion), and groundwater
conditions. We coupled the Slide groundwater and slope stability modules to determine pore
pressures and phreatic surfaces for each water surface elevation scenario. We used Spencer’s
method in our Slide analyses. Through iterative calculations of successive finite element runs, the
slope stability module computes forces and performs limit equilibrium calculations on each slip
surface.

Key outputs from the Slide slope stability module are the factors of safety of thousands of slip
surfaces throughout both the riverside and landside of the levee embankment. Analysis outputs for
this Project control slip surface searches to include only failures that intersect the levee crest or
beyond. Surficial failures (less than 3 to 5 feet thick) are considered maintenance issues and are not
included, since they do not affect the core of the levee.

2.7.1 Design Requirements

We performed slope stability analyses in accordance with the United States Army Corps of
Engineers (USACE) Engineering Manual (EM) 1110-2-1913 Design and Construction of Levees
(USACE, 2000). These guidelines recommend that three design cases be considered in design: end-
of-construction, steady state seepage, and sudden drawdown from full flood stage. Additionally, we
conducted a risk assessment of the slope stability scenario where steady-state flood conditions
reach the top of the levee crest (“bank-full conditions”), in recognition that these conditions can
quickly lead to failure.

The minimum factor of safety requirement for each design case is presented in Table 5 below. Each
design case is further described below.
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Table 5. Minimum Factors of Safety for Levee Stability

Analysis Case Minimum Factor of Safety (FS)
End-of-Construction 1.3
Steady-State Seepage 1.4
Sudden Drawdown 1.1
Seismic (Pseudostatic) 1.1
Post-Seismic (Liquefied Conditions) 1.1

2.7.2 Design Conditions for Analysis

We performed slope stability calculations at the critical section discussed in Section 2.2. We did not
perform additional slope stability analysis on an armored section of the levee because we
determined that the unarmored section governed stability. We considered three steady state water
levels in our stability analyses representing the average tidal WSE, the 100-year WSE, and bank-
full conditions (BCE, 2023). Additionally, we considered analysis of rapid drawdown conditions
between the 100-year WSE and the low tide WSE, as well as seismic and residual conditions
coinciding with average tidal conditions. We created the subsurface profiles used in the models
based on the previously completed subsurface explorations at the Site. Future scour or creek
channel migration was assumed to be minimal due to the incorporation of cobble scour protection
and utilization of coarse streambed sediment in the proposed creek channel.

Typical levee section geometry modeled in Slide are presented in Section 3.2.

2.7.3 Slope Stability Analyses Results

The results of our slope stability analyses are presented in Table 6 below and shown graphically in
the attached analysis output in Appendix C (C-5 through C-17). Our slope stability analyses
indicate that slope stability through both the waterward and landward sides of the levee
embankment meet the minimum required factors of safety. In our opinion, the levee sections and
design are sufficient from a slope stability perspective and meet the Project design and USACE
criteria.

Table 6. Slope Stability Analysis Results

Analysis Minimum

Output Water Surface Factor of Failure

Figures Analysis Case Elevation Safety (FS)®@ Location
C-5 Steady-State Seepage Aveéig_eo;l:ig(a)lrgt?lr;gtiit(i)(:‘ns / 2.27 Waterside
C-6 Seismic Average Tidal Conditions 1.58 Waterside
C-7 Post-Seismic® Average Tidal Conditions 1.58 Waterside
C-8 Steady-State Seepage 100-yr Flood 2.57 Waterside
C-9 Steady-State Seepage Bank-Full 2.65 Landside
C-10 Sudden Drawdown 100-yr Flood - Low Tide 1.41 Waterside

Notes:

1) Water surface elevations provided by Blue Coast (BCE, 2023).

2) Minimum factor of safety affecting the levee crest or beyond.

3) Post-seismic conditions represent conditions after liquefaction has occurred.
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3 Geotechnical Engineering Conclusions and Recommendations

Based on the previously completed subsurface explorations, our review of the updated design
concepts from Blue Coast, and our geotechnical engineering analyses, we have developed the
following design conclusions and recommendations for the Project.

3.1 Levee Embankment Design

In our opinion, the proposed levee may be comprised of a uniform material type with the
expectation that the primary source for levee select fill will be the on-Site excavations for the
proposed creek channel. Due to the wave runup and overtopping potential along a portion of the
northwest section of levee, typical sections with and without scour/erosion protection are required.

The foundation for the levee embankment should be stripped to an appropriate depth to remove the
primary rooted zone, organic topsoil, and other objectionable material. For design purposes, this
depth is assumed to be 6 inches; however, a geotechnical professional should observe stripping to
ensure proper removal of rooted zone, organic topsoil, or other objectionable material. A limited
inspection trench should also be excavated beneath the proposed levee foundation to identify any
unacceptable underground features, such as abandoned utilities, pockets of unsuitable material, or
other debris that could create adverse underseepage paths beneath the levee prism.

3.2 Levee Geometry

The crown width of the levee embankment is 6 feet and will be gravel-surfaced for use as a
trail/walking path. The top of levee, defined for the Project, should be taken at the top of the levee
select fill and at the base of the gravel surfacing. The levee crown should be sloped at 2 percent
away from the levee centerline to avoid water ponding on the levee crest. The levee embankment
should have side slopes that are no steeper than 2.5H:1V (horizontal:vertical). Our recommended
typical levee sections for the Project are shown below.

LANDSIDE ‘ WATERSIDE

LEVEE ACCESS TRAIL (B" CSBC)

TOP OF LEVEE ELEV. 14 (TYP.)~
SEPARATION GEOTEXTILE

6" TOPSOIL (TYP.)~
~ FLOODPLAIN FILL
LEVEE SELECT FILL /

INSPECTION TRENCH
DEPTH EQUAL TO LESSER
OF & OR HEIGHT OF LEVEE

TOPSOIL STRIPPING
DEPTH OF 6"

Figure B. Typical Non-Armored Levee Section (NTS)
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LANDSIDE WATERSIDE

1

v \CCESS TRAIL (87 CSBC)

SEPARATION GEOTEXTILE~ |  [LEVEE ACCESS TRAIL (67 CS5C)
TOP OF LEVEE ELEV. 14 (TYP)~ ,_\

\
\

RIPRAP ARMORING EXTENDS VARIABLE
HEICHT ABOVE TOP OF LEVEE (APPRX. 17)
8" FILTER ROCK

2" CLASS A RIPRAP ARMORING
2

6" 2X4 QUARRY SPALLS (TYP.)
LEVEE SELECT FILL~

EXISTING GRADE

FLOODPLAIN FILL -

A INSPECTION TRENCH
DEPTH EQUAL TO LESSER
OF &' OR HEIGHT OF LEVEE

TOPSOIL STRIPPING
DEPTH OF 6"

Figure C. Typical Armored Levee Section (NTS)

3.3 Levee Select Fill

We recommend the levee embankment (except for surfacing and scour/erosion protection where
needed) consist of a single, relatively uniform levee select fill material. The levee select fill should
consist of relatively well-graded soil free of organic and deleterious material, and meet the USCS
soil type classification of ML, SM, and SP-SM. The gradation of the material should have a
maximum particle size of 3 inches and a minimum fines content (material passing the No. 200
sieve) of 15 percent. The fines should have a maximum plasticity index of 40 and a maximum
liquid limit of 45 percent. The maximum organic content should not exceed 1 percent by dry
weight.

Based on our previous subsurface explorations at the Site, we anticipate the existing fill that
mantles the upper 2 to 5 feet of the Site and consists of silty sand (SM) with gravel will be suitable
for reuse as levee select fill. The organic-rich wetland deposits present below the fill are not
suitable for reuse as levee select fill due to their high organic content, low shear strength and high
compressibility characteristics.

Based on the results of laboratory testing and our observations of the existing fill at the Site,
presented in Appendices A and B, the moisture content is above the optimum moisture content for
compaction; therefore, existing fill will require moisture conditioning (drying) prior to use as levee
select fill for the Project. We recommend planning the levee construction for the dry season and to
allow an area of the Site to be used for spreading and aerating the existing fill. The existing fill is
also variable and will require some level of processing (screening and mixing) to remove oversized
particles and to create a uniform material type.
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If the Project material sources change prior to or during construction, and result in materials that are
significantly different from the recommendations above, Aspect should review samples and
gradations of the proposed material and update our geotechnical engineering analyses and design
recommendations, as needed.

The levee select fill should be compacted to a minimum of 90 percent of the maximum dry density
and within 2 percent of the optimum moisture content as determined by ASTM D1557 (Modified
Proctor).

3.4 Levee Scour/Erosion Protection and Filter

The levee scour/erosion protection rock for the armored levee section (Figure C) has been sized by
Blue Coast based on the anticipated wave runup forces and dynamics and stream flow. We
understand the scour/erosion protection on the waterside of the levee will consist of Class A Rock
for Erosion and Scour Protection, per WSDOT Standard Specifications Section 9-13.4(2), with a
minimum thickness of 2 feet (measured perpendicularly to the levee embankment side slope). A
filter layer between the scour/erosion protection rock and the levee select fill should be included in
the design and be a minimum of 6 inches thick and meet the requirements for Quarry Spalls, per
WSDOT Standard Specifications Section 9-13.1(5). The scour/erosion protection on the landside of
the levee will consist of Quarry Spalls, per WSDOT Standard Specifications Section 9-13.1(5),
with a minimum thickness of 6 inches (measured perpendicularly to the levee embankment side
slope).

3.5 Crushed Surfacing Base Course

For surfacing the levee crown, we recommend a minimum section of 6 inches of Crushed Surfacing
Base Course (CSBC) meeting the requirements of WSDOT Standard Specification 9-03.9(3). To
promote a finer surface for trail users, the surfacing may consist of Crushed Surfacing Top Course
(CSTO).

3.6 Topsoil

Topsoil will be placed on the levee side slopes over the levee select fill for the non-armored levee
section. We anticipate topsoil stripped from the levee and/or creek channel alignments may be
stockpiled and reused. Imported topsoil should meet the requirements of Topsoil Type C per
WSDOT Standard Specifications Section 9-14.2(3). We recommend a minimum topsoil thickness
on the levee side slopes of 6 inches.

3.7 Geosynthetics

We recommend separation geotextile between the CSBC surfacing and levee select fill to prevent
migration of the CSBC into the levee embankment and aid with long-term performance of the
trail/access path surface. The separation geotextile should meet the requirements for Geotextile for
Soil Separation as shown on Table 3 of WSDOT Standard Specifications Section 9-33.2(1)
(WSDOT, 2024).

3.8 Inspection Trench

Based on USACE guidance, we recommend an inspection trench be excavated below the levee
alignment to verify levee subgrade conditions, check for buried utilities, and to confirm that adverse
seepage conditions are not present beneath the setback levee (old drainage features, animal
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burrows, concentrated organics/logs, or other debris). We recommend the inspection trench be as
deep as the height of the levee and approximately 3 feet wide.

The subsurface conditions revealed by the inspection trench should be carefully evaluated and any
zones of unsuitable foundation soil should be removed or appropriately mitigated at the discretion
of the geotechnical engineer. The inspection trench may be backfilled with the excavated soil after
inspection, provided the soil can be placed back into the inspection trench to achieve compaction
and permeability conditions equal to or better (more compact and less permeable) than the
surrounding, near-surface native soil. If the excavated soil is unsuitable (contains excessive
organics/debris or cannot be replaced/compacted adequately), material meeting the requirements for
levee select fill described in Section 3.3 should be placed and compacted for the inspection trench
backfill. Compaction may be performed by placing up to 12 inches (loose lifts) of the excavated
soil or levee select fill material into the trench and tamping it using the excavator bucket to achieve
a degree of compaction that is equal to or better than the surrounding soil.

3.8.1 Known Relic Features

During our previous subsurface investigation, we attempted to excavate a test pit near the waterside
toe of the existing 4-foot-tall berm near the northeast corner of the Site. The excavation
encountered a shallow layer of clean, rounded rock which indicated a drain could be present. The
excavation was terminated to avoid damaging the potential drain. Upon further reconnaissance of
the berm, we observed a corrugated plastic pipe daylighting from the waterside toe of the berm and
into the ditch. With this, we conclude a French drain is present along portions of the waterside toe
of the existing berm. The locations and extent of the French drain should be further evaluated
during construction and depending on its location relative to the levee embankment alignment, it
should be properly removed and backfilled with levee select fill.

3.9 Settlement Mitigation

Settlement along the levee alignment should be mitigated through staged construction and
overbuilding the height of the levee. As discussed in Section 2.4, our settlement analyses predict
between 6 and 8 inches of total settlement will occur along the proposed levee alignment. To
mitigate this settlement, we recommend overbuilding the levee section by 1 foot. Alternatively,
settlement can be monitored and additional material can be added to re-establish/maintain the
required levee crest elevation as-needed after construction as the levee settles.

Our settlement analysis assumes construction of the proposed levee will occur over several weeks,
during which all the elastic settlement and some of the consolidation settlement will occur. We
expect that most of the consolidation settlement will occur within the first year after construction is
completed. Up to approximately 4.5 inches of consolidation settlement and secondary compression
settlement are expected to occur after the first year. We recommend monitoring settlement during
construction and up to 2 years after construction. Based on the monitoring and degree of settlement,
the levee section can be built back up to desired elevation. The monitoring data should be evaluated
to ascertain if additional significant settlement is expected and/or additional monitoring is required.
After the settlement is determined to be substantially complete, any portions of the levee that are
below the design elevation, should be raised to or above the design elevation. In areas where the
levee is above the design elevation, it may be graded down to the design elevation or left at the
higher elevation.
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3.10 Woody Vegetation-Free Zone

We recommend incorporating a woody vegetation-free zone on both sides of the levee in
accordance with USACE EP 1110-2-18 (USACE, 2019). Woody vegetation is defined as trees,
shrubs, vines, and other woody vegetation that can create structural and seepage instabilities in a
levee and/or prevent adequate access for inspections, maintenance, and flood-fighting activities.
The woody vegetation-free zone should extend a minimum of 15 feet horizontally from the toe of
the levee embankment. Native, perennial grasses that can withstand regular mowing are allowed
within the woody vegetation-free zone for ground cover and erosion protection.

3.11 Culvert Penetration

The Project is connected to the adjacent Finn Creek Culvert Replacement project that is under
design (by others) and includes the replacement of the culvert which conveys Finn Creek
underneath the intersection of NE Point No Point Road and NE Buck Lake Road. The culvert
replacement structure will penetrate through the levee embankment to connect Finn Creek with the
restored estuary and will require specific design considerations as a result.

In accordance with guidance from USACE EM 1110-2-1913, structures (including culverts) that
create a penetration through a levee embankment should be provided with drainage fill around the
‘landside’ third of the structure (USACE, 2000). In this case, ‘landside’ refers to the side of the
culvert away from the estuary. This will help provide a controlled and filtered release of hydrostatic
pressure and seepage while minimizing the potential for soil piping (soil loss during seepage).

We recommend the primary structural fill around the culvert consist of material meeting the
requirements of Select Borrow per Section 9-03.14(2) of the WSDOT Standard Specifications. For
the landside third of the culvert and within 18 inches of the culvert walls, the structural fill should
consist of Gravel Backfill for Walls meeting the requirements of Section 9-03.12(2) of the WSDOT
Standard Specifications. For the waterside two thirds of the culvert, Select Borrow should be used
as structural fill directly against the culvert walls.

A geotextile filter fabric should be placed between the Gravel Backfill for Walls and the rest of the
culvert backfill. This includes at the interface between Gravel Backfill for Walls and Select Borrow
at the landside third of the culvert walls. This added measure will help control and prevent soil
piping. The geotextile should be woven and meet the requirements for soil separation as specified

on Table 3 of Section 9-33.2(1) of WSDOT Standard Specifications (WSDOT, 2024).

4 Construction Recommendations

Based on the subsurface exploration data across the Site and our understanding of the Project, it is
our opinion that the contractor should be able to complete planned excavations and earthwork
activity with relatively standard construction equipment. We did encounter organic material and
oversized cobbles in some of the completed explorations. Although not encountered in the
explorations, regional experience and the depositional history of the overbank and alluvial deposits
in the floodplain indicate that oversized materials, such as buried stumps, logs, cobbles, and
boulders, could be present in excavations near the ground surface across the Site.

The Project will include excavations for the proposed creek channel, preparing the levee footprint,
habitat area creation, and the removal of the existing culvert and tide gate. It is our opinion that the
Contractor should be able to complete all required excavation and earthwork activity with relatively
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standard construction equipment. The Contractor should be prepared to encounter some debris and
oversized materials, such as cobbles within the existing fill and logs within the wetland deposits.

Shallow groundwater conditions should be expected within the lower portions of the proposed
excavations during the dry season, and shallow groundwater or ponded water may be present near
or at the ground surface during the wet season and during high tide periods. The Contractor should
anticipate wet excavations and soil conditions that may not support excavation equipment. We
recommend maintaining working platforms for equipment a minimum of 3 feet above the
groundwater level and strategically planning excavations to allow for elevated working platforms
and access/haul routes. Other strategies for completing wet excavations include:

* Using long-reach excavators and/or wide-tracked and low-pressure equipment.

* Use hog fuel, spalls, and/or geosynthetics to create stabilized temporary access/haul roads
and working pads.

Scarifying and moisture conditioning of the subgrade materials may be required prior to placing
embankment fill.

4.1 Temporary Excavation Slopes

Maintenance of safe working conditions, including temporary excavation stability, is the
responsibility of the contractor. For worker safety, all temporary cuts in excess of 4 feet in height
that are not protected by trench boxes or otherwise shored, should be sloped in accordance with
Part N of Washington Administrative Code (WAC) 296-155 (WAC, 2023). This guidance generally
applies to cuts or trenches in which workers will be working. The inspection trench included in the
levee design does not necessarily require workers to enter it.

In general, the near surface soils across the Project area classify as Occupational Safety and Health
Administration (OSHA) Soil Classification Type C. Temporary excavation side slopes within the
shallow fill, wetland, and beach deposits are anticipated to stand as steep as 1.5H:1V, up to a
maximum height of 10 feet. The cut-slope inclinations estimated above are for planning purposes
only and are applicable to excavations above the groundwater table and without inflowing
stormwater. Excavations below the groundwater table should be sloped at 2.5H:1V initially and
monitored for performance and adjusted accordingly to achieve stable conditions.

With time and the presence of seepage, tidal fluctuations, and/or precipitation, the stability of
temporary unsupported cut slopes can be significantly reduced. The contractor should monitor the
stability of the temporary cut slopes and adjust the construction schedule and slope inclination
accordingly. Vibrations created by traffic and construction equipment may cause caving and
raveling of the cut slopes. In such an event, the cut slopes should be flattened by the Contractor to
prevent loss of ground support.

4.2 Wet Weather Earthwork and Erosion Control

Existing Site soils may prove to be difficult to handle or traverse with construction equipment
during periods of wet weather.

Therefore, general recommendations relative to earthwork performed in wet weather or in wet
conditions are presented below. These recommendations should be incorporated into the contract
specification and should be required when earthwork is performed in wet conditions:
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* Site stripping and fill placement should be accomplished in small sections to minimize
exposure to wet weather. Excavation or removal of unsuitable soil should be followed
promptly by placement and compaction of a suitable thickness of clean structural fill. The
size and type of construction equipment used may have to be limited to prevent soil
disturbance.

* No soil should be left uncompacted so it can absorb water. Stockpiles of excavated soil
should either be shaped and the surface compacted or be covered with plastic sheets. Soils
that become too wet should be removed and replaced with clean granular materials.

* Excavation and placement of fill should be monitored by someone experienced in wet
weather earthwork to determine that the work is being accomplished in accordance with the
project specifications and the recommendations contained herein.

Soil erosion can be minimized by implementing these recommendations, careful grading practices,
and the appropriate use of silt fences and/or straw bales. Surface runoff control during construction
should be the responsibility of the contractor. All collected water should be controlled and
discharged in accordance with local regulations. Grading measures, slope protection, ditching,
sumps, dewatering, and other measures should be employed, as necessary, to permit proper
completion of the work. Permanent control of surface water should be incorporated in the final
grading design. Water should not be allowed to pond immediately adjacent to the levee.

4.3 Subgrade Preparation

Based on the results of our subsurface explorations at the Site, we estimate a typical stripping depth
(topsoil, sod, and roots greater than about 0.5-inch diameter) of approximately 4 to 8 inches will be
required. In isolated areas, the stripping depth and/or presence of unsuitable foundation soil may
result in greater stripping depths, but it is our opinion that these areas will comprise approximately
10 percent of the levee footprint or less. Unsuitable foundation soil is defined as unstable, soil that
has significantly higher permeability than the surrounding subgrade soil (significant void space),
and/or organic-rich material. Based on our evaluations, the older topsoil horizon present below the
existing fill can be left in-place and is not expected to adversely impact the levee performance.

Levee embankment subgrade should be inspected by visual inspection, probing, and/or proof
rolling with a loaded dump truck or similar construction equipment to determine its suitability to
receive fill materials for embankment construction. The embankment subgrade should be graded
and compacted, as-needed, to achieve a relatively smooth, firm, drained (no standing water), and
consistent surface. Just prior to placing levee select fill, the subgrade should be scarified to a depth
of about 6 inches to help ensure a good bond between the foundation subgrade and the levee select
fill to reduce the potential for ponding water on the subgrade and to eliminate preferential slide
planes along the interface.

An inspection trench, as described in Section 3.8, should be completed along the levee alignment
prior to placing levee fill.

4.4 Compaction Requirements

For compaction of the levee select fill, we recommend the material be placed in lifts no greater than
8 inches thick (loose) and compacted to a minimum of 90 percent of the maximum dry density, as
determined by ASTM D1557 (Modified Proctor). The moisture content of the levee select fill
should be controlled to within +/- 3 percent of the optimum moisture content, as determined by
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ASTM D1557. The equipment and methods used for compacting the levee embankment should be
approved by the Project Engineer.

The levee trail CSBC/CSTC should be compacted to a minimum of 90 percent of the maximum dry
density, as determined by ASTM D1557.

The procedure to achieve the specified minimum relative compaction depends on the size and type
of compacting equipment, the number of passes, thickness of the layer being compacted, and
certain soil properties. When the size/constraints of the fill area restrict the use of heavy equipment,
smaller equipment can be used, but the soil must be placed in thin enough lifts to achieve the
required compaction. A sufficient number of in-place density tests should be performed as the fill is
placed to verify the required relative compaction is being achieved.

Generally, loosely compacted soils are a result of poor construction technique or improper moisture
content. Soils with a high percentage of silt or clay are particularly susceptible to becoming too wet,
and coarse-grained materials easily become too dry, for proper compaction. Silty or clayey soils
with a moisture content too high for adequate compaction should be dried, as necessary, or
moisture conditioned by mixing with drier materials, or other methods.

5 Recommendations for Continuing Geotechnical Services

Throughout this memorandum, we have provided recommendations where we consider it would be
appropriate for Aspect to provide additional geotechnical input to the design and construction
process. Additional recommendations are summarized in this section.

5.1 Additional Design and Consultation Services
Before construction begins, we recommend that Aspect:

* Continue to meet with the design team, as needed, to address geotechnical questions that
may arise throughout the remainder of the design process.

* Review the geotechnical elements of the Project plans to see that the geotechnical
engineering recommendations are properly interpreted.

5.2 Additional Construction Services

We are available to provide geotechnical engineering and monitoring services during construction.
The integrity of the geotechnical elements depends on proper Site preparation and construction
procedures. In addition, engineering decisions may have to be made in the field if variations in
subsurface conditions become apparent.

During the construction phase of the Project, we recommend that Aspect be retained to perform the
following tasks:

* Review applicable submittals.

* Observe and evaluate stripping and grubbing activities, inspection of trench excavation and
backfilling, levee subgrade preparation, and levee embankment fill placement.

* Attend meetings, as needed.

* Address other geotechnical engineering considerations that may arise during construction.
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The purpose of our observations is to verify compliance with design concepts and
recommendations, and to allow design changes or evaluation of appropriate construction methods if
subsurface conditions differ from those anticipated prior to the start of construction.
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Limitations

Work for this project was performed for Blue Coast Engineering (Client), and this report was
prepared consistent with recognized standards of professionals in the same locality and involving
similar conditions, at the time the work was performed. No other warranty, expressed or implied, is
made by Aspect Consulting (Aspect).

Recommendations presented herein are based on our interpretation of site conditions, geotechnical
engineering calculations, and judgment in accordance with our mutually agreed-upon scope of
work. Our recommendations are unique and specific to the project, site, and Client. Application of
this report for any purpose other than the project should be done only after consultation with
Aspect.

Variations may exist between the soil and groundwater conditions reported and those actually
underlying the site. The nature and extent of such soil variations may change over time and may not
be evident before construction begins. If any soil conditions are encountered at the site that are
different from those described in this report, Aspect should be notified immediately to review the
applicability of our recommendations.

Levees and flood protection systems include many components like earthen embankments, filters,
scour protection, and drainage elements that must work together to ensure effective performance. It
is not practical to know and/or control all of the engineering properties of the components and
system; therefore, inherent uncertainty about the system performance exists. Regular inspections
and flood monitoring of the flood protection components and system should be performed by a
qualified professional with any deficiencies mitigated appropriately.

It should be understood that some seepage through and beneath the flood protection system is
normal and expected during significant flood events. Uses incompatible with this type and
frequency of seepage should not be allowed in areas protected by the flood protection system.
Excavations near or within the levee could compromise the system and should not be performed
without adequate engineering and construction controls. Similarly, any future penetrations through
or beneath the flood protection system should be assessed on a case-by-case basis by a qualified
professional as penetrations can result in failures or undesirable performance if not appropriately
designed.

Risks are inherent with any site involving levees and flood control structures subject to flooding
and geologic hazards and no recommendations, geologic analysis, or engineering design can assure
performance. Our observations, findings, and opinions are a means to identify and reduce the
inherent risks to the Client.
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It is the Client's responsibility to see that all parties to this project, including the designer,
contractor, subcontractors, and agents, are made aware of this report in its entirety. At the time of
this report, design plans and construction methods have not been finalized, and the
recommendations presented herein are based on preliminary project information. If project
developments result in changes from the preliminary project information, Aspect should be
contacted to determine if our recommendations contained in this report should be revised and/or
expanded upon.

The scope of work does not include services related to construction safety precautions. Site safety is
typically the responsibility of the contractor, and our recommendations are not intended to direct
the contractor’s site safety methods, techniques, sequences, or procedures. The scope of our work
also does not include the assessment of environmental characteristics, particularly those involving
potentially hazardous substances in soil or groundwater.

All reports prepared by Aspect for the Client apply only to the services described in the
Agreement(s) with the Client. Any use or reuse by any party other than the Client is at the sole risk
of that party, and without liability to Aspect. Aspect’s original files/reports shall govern in the event
of any dispute regarding the content of electronic documents furnished to others.

Please refer to Appendix D titled “Report Limitations and Guidelines for Use” for additional
information governing the use of this report.

We appreciate the opportunity to perform these services. If you have any questions please contact
Andrew Holmson, PE, Senior Associate Geotechnical Engineer.

Attachments: Table 1 — Soil Engineering and Hydraulic Properties
Figure 1 — Site Location Map
Figure 2 — Exploration Plan
Appendix A — Subsurface Exploration Logs
Appendix B — Laboratory Test Results
Appendix C — Seepage and Slope Stability Analysis Results
Appendix D — Report Limitations and Guidelines for Use
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Table 1. Soil Engineering and Hydraulic Properties
Project No. 190092, Norwegian Point Park

General Soil Parameters for Settlement Analyses Soil Parameters for Seepage Analyses Soil Parameters for Slope Stability Analyses
. . . . . 3
Soil Unit Weight Consolidation Parameters Vertical/Horizontal
Soil . Cv Hydraulic Soil Seismic Residual
Layer Moist, Saturated, | E|astic Modulus, Cce (ftA2/day) Cae | eo [OCR|Horizontal Hydraulic| Conductivity Ratio | Cohesion, |Soil Friction| Undrained Shear
1,2 1,2
Number Soil Layer pcf pcf ksf' Conductivity, cm/s’ (K,/K,) psf* Angle, deg1’4 Strength, psf"*
1 Existing Fill 115 120 200 - - - - - 5x 107-3 1 25 32 -
2 Older Topsoil Horizon 100 105 - - - - - - 1x10%-2 0.1 0 29 -
3 Wetland Deposits 70 75 - 0.35 0.0147 |0.02(1.13| 1 1x 107-2 0.1 250 20 -
4 Beach Deposits 110 115 720 - - - - - 5x 107-2 0.1 0 30 -
5 Levee Embankment Fill 120 125 - - - - - - 3 x10"4 1 50 34 -
Beach Deposits (Fully i ) ) i ) i A i i 75 increasing at
6 Liquified) 110 15 5x10%-2 01 5psf/ft of depth
Notes

1. pcf = pounds per cubic foot; ksf = kips per square foot; ft/s = feet per second; psf = pounds per square foot; deg = degrees

2. Moist unit weights were applied above the water table; saturated unit weights were applied below the water table.

3. C. = coefficient of consolidation; C, = Recompression Index; C, = Time Rate of Consolidation; C, = Coefficient of Secondary Compression; e, = initial void ratio; OCR = Overconsolidation Ratio. All consolidation parameters are unitless.

Aspect Consulting
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APPENDIX A

Subsurface Exploration Logs



)
<050 MC = Natural Moisture Content GEOTECHNICAL LAB TESTS
o
8 A Well-graded GRAVEL PS = Particle Size Distribution
g 299 Gw Well-graded GRAVEL WITH SAND FC = Fines Content (% < 0.075 mm)
(i < Nl GH = Hydrometer Test
© B oo AL = Atterberg Limits
2 | 8 2659596 C = Consolidation Test
% 8 g Vil ggggg GP Poorly-graded GRAVEL Str = Strength Test
o | 8| [eg900 Poorly-graded GRAVEL WITH SAND ocC = Organic Content (% Loss by Ignition)
L %3 [680%0 Comp = Proctor Test
s | 3 S TiTo K = Hydraulic Conductivity Test
Z | s5| PP SILTY GRAVEL SG = Specific Gravity Test
c | 29 [2]giem
o = [ON[e
o | og| g0l | SILTY GRAVEL WITH SAND Organic Chemicals CHEMICAL LAB TESTS
o i D
£ | =2|efgie BTEX = Benzene, Toluene, Ethylbenzene, Xylenes
— ' [Te) _ . .
o |0 |4 TPH-Dx = Diesel and Oil-Range Petroleum Hydrocarbons
o 9] Al CLAYEY GRAVEL _ .
< > TPH-G = Gasoline-Range Petroleum Hydrocarbons
) S CLAYEY GRAVEL WITH SAND VOCs = Volatile Organic Compounds
Q SVOCs = Semi-Volatile Organic Compounds
S | c PAHs = Polycyclic Aromatic Hydrocarbon Compounds
se Well-graded SAND PCBs = Polychlorinated Biphenyls
S8 g Well-graded SAND WITH GRAVEL Metals
E, "c',') e RCRA8 = As, Ba, Cd, Cr, Pb, Hg, Se, Ag, (d = dissolved, t = total)
% % Q § , MTCA5 = As, Cd, Cr, Hg, Pb (d = dissolved, t = total)
a | QoI Poorly-graded SAND PP-13 = Ag, As, Be, Cd, Cr, Cu, Hg, Ni, Pb, Sb, Se, Tl, Zn (d=dissolved, t=total)
3 % g i Poorly-graded SAND WITH GRAVEL
% 03 PID = Photoionization Detector FIELD TESTS
5 § = Sheen = Oil Sheen Test
2 |5 § 111 SILTY SAND SPT? = Standard Penetration Test
G |2, 8o 1| SM SILTY SAND WITH GRAVEL NSPT = Non-Standard Penetration Test
S [5a|g) DCPT = Dynamic Cone Penetration Test
[Te) [T
_g E’ g CLAYEY SAND Descriptive Term  Size Range and Sieve Number COMPONENT
s |V Boulders = Larger than 12 inches DEFINITIONS
© CLAYEY SAND WITH GRAVEL
n Cobbles = 3inchesto 12 inches
Coarse Gravel = 3inchesto 3/4 inches
SILT Fine Gravel = 3/4 inchesto No. 4 (4.75 mm)
o S ML gﬁ_'\%%%:%ﬁl\/DELLY SILT Coarse Sand = No. 4 (4.75 mm) to No. 10 (2.00 mm)
P o Medium Sand = No. 10 (2.00 mm) to No. 40 (0.425 mm)
(]
®| 28 SILT WITH GRAVEL Fine Sand = No. 40 (0.425 mm) to No. 200 (0.075 mm)
8 8 - LEAN CLAY Silt and Clay = Smaller than No. 200 (0.075 mm)
N ° 3 CcL SANDY or GRAVELLY LEAN CLAY
2| &2 LEAN CLAY WITH SAND % by Weight Modifier % by Weight _Modifier ESTIMATED!
9 | 2 £ LEAN CLAY WITH GRAVEL <1 = Subtrace 15t025 = Little PERCENTAGE
3 « E— 1to<5 = Trace 30to45 = Some
€ — ORGANIC SILT
§ % | oL | SANDY or GRAVELLY ORGANIC SILT 51010 = Few >50 = Mostly
5 e ORGANIC SILT WITH SAND
s — ORGANIC SILT WITH GRAVEL Dr_y o= Absence_z of moi;ture, dusty, dry to the touch MOISTURE
é ELASTIC SILT Sllg_htly Moist = Perceptible moisture CONTENT
S o ik | SANDY or GRAVELLY ELASTIC SILT Moist = Dampbutnovisible water
3 § ELASTIC SILT WITH SAND Very Moist = V\(a_ter visible but not free draining
_(}’ 03 ELASTIC SILT WITH GRAVEL Wet = Visible free water, usually from below water table
S < 3 0 . P
2S5 // A RAVELLY FAT CLAY Non-Cohesive or Coarse-Grained Soils RELATIVE DENSITY
2 £ 2 CH| o1 CLA(\)(rWITH SAND Density3 SPT?2 Blows/Foot Penetration with 1/2" Diameter Rod
g 2k A FAT CLAY WITH GRAVEL Very Loose - 0wod 22
7 %) 77 oose = 5to 'to 2'
g1 3 ////// ORGANIC CLAY Medium Dense = 111030 3t 1"
L — [ "
S v /// OH SANDY or GRAVELLY ORGANIC CLAY Dense = 31to50 1"to 3
- ////////// ORGANIC CLAY WITH SAND Very Dense = >50 <1"
// ORGANIC CLAY WITH GRAVEL
o EESEEE Cohesive or Fine-Grained Soils CONSISTENCY
% < 2 B ey PEAT and other Consistency® SPT2 Blows/Foot Manual Test
T %D 2 e mostly organic soils Very Soft = 0Otol Penetrated >1" easily by thumb. Extrudes between thumb & fingers.
b Soft = 2to4  Penetrated 1/4" to 1" easily by thumb. Easily molded.
Medium Stiff = 5t08 Penetrated >1/4" with effort by thumb. Molded with strong pressure.
. o ) %si e y Stiff = 9to15 Indented ~1/4" with effort by thumb.
n\grq: 2'? s"ésﬁ'ﬁsc.ﬁ?v 2eag&$£$ir:e/ailst fié‘?'iﬁt 2?3"2?2‘; t.)y“awansH:ueDg“rgr PWiTH Very Stiff = 1610 30 Indented easily by thumbnail.
GRAVEL” means 15 to 30% sand and gravel. e “SANDY” or “GRAVELLY” means >30% sand and Hard = >30 Indented with difficulty by thumbnail.

gravel. o “Well-graded” means approximately equal amounts of fine to coarse grain sizes e “Poorly
graded” means unequal amounts of grain sizes e Group names separated by “/” means soil
contains layers of the two soil types; e.g., SM/ML.

Soils were described and identified in the field in general accordance with the methods described in
ASTM D2488. Where indicated in the log, soils were classified using ASTM D2487 or other
laboratory tests as appropriate. Refer to the report accompanying these exploration logs for details.

1. Estimated or measured percentage by dry weight
2. (SPT) Standard Penetration Test (ASTM D1586)
3. Determined by SPT, DCPT (ASTM STP399) or other field methods. See report text for details.

GEOLOGIC CONTACTS

Observed and Distinct Observed and Gradual Inferred
—_— \ o
Aspect Exploration Log Key
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NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ June 20, 2019

Norwegian Point Park Ring Levee - 190092 Geotechnical Exploration Log
ect Project Address & Site Specific Location Coordinates Exploration Number
CONSULTING Norwegian Point Park, Hansville, WA, See Figure 2 NA TP 01
Contractor Equipment Sampling Method Ground Surface (GS) Elev. (NGVD29 =
High Meadows Excavating Mini Excavator Grab 7
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NGVD29) | Depth to Water (Below GS)
Andrew Test Pit 3/27/2019 NA 4.67' (Static)
) ) Blows/foot A )
Depth| Elev.|  Exploration Completion | Sample ) V:gter: c}sné%‘n’t 9 Blowsis]  Tess | Matel Description Depth
2% 20 TOPSOIL; (4 inches thick)
% .
; FILL
1| SILTY SAND (SM); loose, moist, gray; fine to coarse
{1:I'] sand; fine to coarse, subrounded to rounded gravel.
116 L Becomes brown -
2Tt 5 T-probe = 3-6 inches T 1 -2
T4 B OLDER TOPSOIL HORIZON 3
w | SILTY SAND (SM); loose, moist, black; fine to medium
1-[| sand; some organics.
| BEACH DEPOSITS
44 3 Seepage and sidewall I O .. SAND (SP); loose, wet, gray; mostly medium sand with L4
caving observed below -.’| few fine and coarse sand.
4 feet -
W 3/27/2019
57 2 — -5
¥ PS FC=19" - -
6T 1 — T T - 6
7+ 0 Test pit backfilled with =T — 1 — = - 7
excavated soils. Bottom of exploration at 7 ft. bgs.
8+ -1 T -8
9 -2 T -9
10 -3 T10
Legend Plastic Limit ——— Liquid Limit ] .
o |B Grabsample ¥ Static Water Level gfe g E:(g (L(I:\Sratlon Log Key for explanation Exploration
g3 o ’ Log
8 e =3 Logged by: ECS TP-01
Approved by: ECS Sheet 1 of 1




Norwegian Point Park Ring Levee - 190092 Geotechnical Exploration Log
ect Project Address & Site Specific Location Coordinates Exploration Number
CONSULTING Norwegian Point Park, Hansville, WA, See Figure 2 NA TP 02
Contractor Equipment Sampling Method Ground Surface (GS) Elev. (NGVD29 =
High Meadows Excavating Mini Excavator Grab 7
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NGVD29) | Depth to Water (Below GS)
Andrew Test Pit 3/27/2019 NA
) ) Blows/foot A )
Depth| Elev.| - Exploation Completion | Sample| yyater Content ()@ [Blows/6]  Tests [ Mateil Description Depth

0 10 20 30 4050

2537 TOPSOIL; (2 inches thick)

1) FILL

SILTY SAND WITH GRAVEL (SM); loose, moist, brown;

"I fine to coarse sand; fine to coarse, subrounded to rounded

SAEEEN gravel.

116 — T 1111 SAND WITH SILT (SP-SM); loose, maist, gray; mostly 1 1
-..| I{.| medium sand with few fine and coarse sand; few fine to

| coarse, subrounded to rounded gravel.

OLDER TOPSOIL HORIZON
1| SILTY SAND (SM); loose, moist, dark gray; some
1-[ organics and roots.

BEACH DEPOSITS
34 4 T-probe = 2 inches I I (S B ~..-.”| SAND (SP); very loose, moist, gray; mostly medium sand | 4
“.-_ | with some fine and coarse sand.
4+ 3 Moderate sidewall — ——— 1 ~ . . T4
caving from 3to 5 S Becomes very moist

feet.

9 3/27/2019 {!}

Becomes wet

- - -| SAND WITH GRAVEL (SP); very loose, wet; mostly
_-.-’| medium sand with some fine and coarse sand; fine to
-~ | coarse, rounded gravel; occassional cobbles.

710 Test pit backfilled with N R IR [ o .

NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ June 20, 2019

excavated soils. Bottom of exploration at 7 ft. bgs.
8+ -1 T -8
9 -2 T -9
101 -3 T
Legend Plastic Limit ——— Liquid Limit . .
o |8 Grabsample _ Q Water Level (Seepage) gfe gyﬁ:(g (L(I:\Sratlon Log Key for explanation Exploration
o
S =9 Logged by: ECS TP-02
Approved by: ECS Sheet 1 of 1




NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ June 20, 2019

Norwegian Point Park Ring Levee - 190092 Geotechnical Exploration Log
ect Project Address & Site Specific Location Coordinates Exploration Number
CONSULTING Norwegian Point Park, Hansville, WA, See Figure 2 NA TP 03
Contractor Equipment Sampling Method Ground Surface (GS) Elev. (NGVD29 =
High Meadows Excavating Mini Excavator Grab 6'
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NGVD29) | Depth to Water (Below GS)
Andrew Test Pit 3/27/2019 NA
) ) Blows/foot A )
Depth| Elev.|  Exploration Completion | Sample ) V:gter: c}sné%‘n’t 9 Blowsis]  Tess | Matel Description Depth
251 TOPSOIL; (4 inches thick)
RO
; FILL
SILTY SAND WITH GRAVEL (SM); loose, slightly moist,
_|'| gray-brown; fine to coarse sand; fine to coarse,
14 5 I T I A B '| subrounded to rounded gravel, occassional cobbles. Ly
T-probe = 3 inches
214 — T - 2
W .
3+ 3 T-probe = 6-12 inches [— —t—r—1—1 :. T~ 3
41 2 — T . . T4
Becomes with less gravel; zones of SILT (ML) with sand.
) °
54 4 9 3/27/2019 || ! :_ it Ls
M WETLAND DEPOSITS
@ PEAT (PT); soft, moist, brown; fibrous; contains
6+ 0 - I I I D decomposed sticks, logs and other organics; strong L6
organic odor.
275
w L4 0C=55%
71 -1 i -7
8 -2 T -8
9+ -3 T -9
- - Test pit backfilled with
107 -4 eig;\’/)e;tteda Soils. e Bottom of exploration at 10 ft. bgs. 10
Legend Plastic Limit ——— Liquid Limit ] .
o |8 Grabsample Q Water Level (Seepage) gfe g E:(g (L(I:\Sratlon Log Key for explanation Exploration
g3 o ” Log
8 e =3 Logged by: ECS TP-03
Approved by: ECS Sheet 1 of 1




NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ June 20, 2019

Norwegian Point Park Ring Levee - 190092 Geotechnical Exploration Log
ect Project Address & Site Specific Location Coordinates Exploration Number
CONSULTING Norwegian Point Park, Hansville, WA, See Figure 2 NA TP 04
Contractor Equipment Sampling Method Ground Surface (GS) Elev. (NGVD29 =
High Meadows Excavating Mini Excavator Grab 6'
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NGVD29) | Depth to Water (Below GS)
Andrew Test Pit 3/27/2019 NA No Water Encountered
) ) Blows/foot A )
Depth| Elev.|  Exploration Completion | Sample ) V:gter: c}sné%‘n’t 9 Blowsis]  Tess | Matel Description Depth
223 TOPSOIL; (8 inches thick)
Ry
T FILL
1 [ SILTY SAND WITH GRAVEL (SM); loose, wet, gray; fine |
1+ 5 : 5 1
{1-|'| to coarse sand; fine to coarse, subrounded to rounded
11| gravel.
2T 4 T-probe = 1-2 feet —] T 1 -2
W ®
3+ 3 — T -3
WETLAND DEPOSITS
41 2 T T PEAT (PT); soft, moist, brown; fibrous; contains -4
decomposed sticks, logs and other organics; strong
organic odor.
511 -5
6T 0 T T - 6
71 -1 I el s Bl -7
8+ -2 Test pit backfilled with = —r——T— 1 - 8
excavated soils. Bottom of exploration at 8 ft. bgs.
9+ -3 T -9
10+ 4 T10
Legend Plastic Limit ——— Liquid Limit ] .
o |8 Grabsample No Water Encountered gfe g E:(g (L(I:\Sratlon Log Key for explanation Exploration
g3 o ” Log
g =3 Logged by: ECS TP-04
Approved by: ECS Sheet 1 of 1




NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ June 20, 2019

Norwegian Point Park Ring Levee - 190092 Geotechnical Exploration Log
ect Project Address & Site Specific Location Coordinates Exploration Number
CONSULTING Norwegian Point Park, Hansville, WA, See Figure 2 NA TP 05
Contractor Equipment Sampling Method Ground Surface (GS) Elev. (NGVD29 =
High Meadows Excavating Mini Excavator Grab 6'
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NGVD29) | Depth to Water (Below GS)
Andrew Test Pit 3/27/2019 NA 8' (Static)
) ) Blows/foot A )
Depth| Elev.|  Exploration Completion | Sample ) V:gter: c}sné%‘n’t 9 Blowsis]  Tess | Matel Description Depth
y FILL
| SILTY SAND WITH GRAVEL (SM); loose, moist, gray;
1-[1 fine to coarse sand; fine to coarse, rounded gravel.
1+ 5 T 1
T-probe = 6-12 inches
214 — T - 2
3+ 3 T . -3
Becomes very moist
41 2 o e et i e ~ 4
- T-probe = 2 f —
ST1 probe = 2feet WETLAND DEPOSITS S
PEAT (PT); soft, moist, brown; fibrous; contains
w 300y _— decomposed sticks, logs and other organics.
0C=57% Log encountered at 5.5 feet
6T 0 — T T - 6
71 -1 I el s Bl -7
g4 2 ¥ 3/27/2019 I I S B B | g
| BEACH DEPOSITS
-.-’| SAND (SP); loose, wet, gray; mostly medium sand with
9+ -3 {'} I IO I R —— :': some fine and coarse sand. L9
Test pit backfilled with — - -
excavated soils. Bottom of exploration at 9.5 ft. bgs.
10 -4 T
Legend Plastic Limit ——— Liquid Limit ] .
o |8 Grabsample ¥ Static Water Level gfe g E:(g (L(I:\Sratlon Log Key for explanation Exploration
g3 o ” Log
8 e =3 Logged by: ECS TP-05
Approved by: ECS Sheet 1 of 1




Norwegian Point Park Ring Levee - 190092 Geotechnical Exploration Log

ect

Project Address & Site Specific Location

Coordinates Exploration Number

NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ June 20, 2019

CONSULTING Norwegian Point Park, Hansville, WA, See Figure 2 NA TP 06
Contractor Equipment Sampling Method Ground Surface (GS) Elev. (NGVD29 =
High Meadows Excavating Mini Excavator Grab 5'
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NGVD29) | Depth to Water (Below GS)
Andrew Test Pit 3/27/2019 NA
) ) Blows/foot A )
Depth| Elev.|  Exploration Completion | Sample ) V:gter: ((\flosn;%gt 9 Blowsis]  Tess | Matel Description Depth
y FILL
SILTY SAND WITH GRAVEL (SM); loose, moist, gray;
{-.|'| fine to coarse sand; fine to coarse, subrounded to rounded
1] gravel.
11 4 T 1
2+ 3 T-probe = 3-24 inches =T — 1 — - 2
3+ 2 — T -3
WV . .
Becomes very moist
411 o e et i e ~ 4
9 3/29/2019
510 )
WETLAND DEPOSITS
PEAT (PT); soft, moist, brown; fibrous; contains
decomposed sticks, logs and other organics.
6 + -1 Test pit backfilled with =T — 1 — - 6
excavated soils. Bottom of exploration at 6 ft. bgs.
7T -2 T T -7
8+ -3 T -8
9+ 4 T -9
101 -5 T
Legend Plastic Limit ——— Liquid Limit . .
o |B Grabsample S Water Level (Seepage) gfe : E:(g (L(I:\Sratlon Log Key for explanation Exploration
g3 o ” Log
8 e =3 Logged by: ECS TP-06
Approved by: ECS Sheet 1 of 1




NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ June 20, 2019

Norwegian Point Park Ring Levee - 190092 Geotechnical Exploration Log
ect Project Address & Site Specific Location Coordinates Exploration Number
CONSULTING Norwegian Point Park, Hansville, WA, See Figure 2 NA TP 07
Contractor Equipment Sampling Method Ground Surface (GS) Elev. (NGVD29 =
High Meadows Excavating Mini Excavator Grab 6.5'
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NGVD29) | Depth to Water (Below GS)
Andrew Test Pit 3/27/2019 NA 9' (Static)
) ) Blows/foot A )
Depth| Elev.|  Exploration Completion | Sample ) V:gter: c}sné%‘n’t 9 Blowsis]  Tess | Matel Description Depth
2537 TOPSOIL; (2 inches thick)
FILL
6 SILTY SAND WITH GRAVEL (SM); loose, moist,
|| gray-brown; fine to coarse sand; fine to coarse,
|| subrounded to rounded gravel; occasional cobbles.
1 — T 1
5 v
2T — T T . . - 2
Becomes moist to very moist
S
4 w * FC=P35%
3T — T -3
3
Becomes blue-gray
4T T T 4
WETLAND DEPOSITS
PEAT (PT); soft, moist, brown; fibrous; contains
2 decomposed sticks, logs and other organics.
5T )
1
6 T T T - 6
0
7T T T -7
-1
8T T -8
-2
9 W 3/27/2019 I I S B B 9
BEACH DEPOSITS
_-.-/| SAND (SP); very loose, wet, gray; mostly medium sand
3 -~ | with some fine and coarse sand.
10+ Test pit backfilled with - - 10
excavated soils. Bottom of exploration at 10 ft. bgs.
-4
Legend Plastic Limit ——— Liquid Limit ] .
o |8 Grabsample ¥ Static Water Level gfe g E:(g (L(I:\Sratlon Log Key for explanation Exploration
g3 o ” Log
8 = =8 Logged by: ECS TP-07
Approved by: ECS
Sheet 1 of 1




NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ June 20, 2019

Norwegian Point Park Ring Levee - 190092 Geotechnical Exploration Log
ect Project Address & Site Specific Location Coordinates Exploration Number
CONSULTING Norwegian Point Park, Hansville, WA, See Figure 2 NA TP 08
Contractor Equipment Sampling Method Ground Surface (GS) Elev. (NGVD29 =
High Meadows Excavating Mini Excavator Grab 7.5
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NGVD29) | Depth to Water (Below GS)
Andrew Test Pit 3/27/2019 NA
) ) Blows/foot A )
Depth| Elev.|  Exploration Completion | Sample ) V:gter: c}sné%‘n’t 9 Blowsis]  Tess | Matel Description Depth
2% 20 TOPSOIL; (4 inches thick)
%
7 ; FILL
SILTY SAND WITH GRAVEL (SM); loose, moist,
_|'| blue-gray; fine to coarse sand; fine to coarse, subrounded
14 I O '| to rounded gravel, occasional cobbles. L
6
2T T-probe = 2 feet —] T 1 -2
5 ¥
3T — T 3
WETLAND DEPOSITS
| SILTY SAND (SM); very loose, moist, brown; fine to
4 {4} 1-['| medium sand; abundant organics and wood debris.
4T o e et i e ~ 4
3
Log encountered at 4.5 feet
5T )
2
A4 3/27/2019 I I S B B
6 9 BEACH DEPOSITS 6
_-.-/| SAND (SP); very loose, wet, gray; mostly medium sand
1 -~ | with some fine and coarse sand.
WETLAND DEPOSITS
7+ - I A N Y B PEAT (PT); soft, very moist, brown; fibrous; contains .
decomposed sticks, logs and other organics.
175
0 ¥ * 0C=28%
8T — T -8
A 9 3/27/2019
BEACH DEPOSITS
_-.-/| SAND (SP); very loose, wet, gray; mostly medium sand
9+ I I I D - | with some fine and coarse sand. L9
-2
10+ Test pit backfilled with - - 10
excavated soils. Bottom of exploration at 10 ft. bgs.
-3
Legend Plastic Limit ——— Liquid Limit ] .
o |8 Grabsample Q Water Level (Seepage) gfe g E:(g (L(I:\Sratlon Log Key for explanation Exploration
g3 o ” Log
8 e =3 Logged by: ECS TP-08
Approved by: ECS Sheet 1 of 1




NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ June 20, 2019

Norwegian Point Park Ring Levee - 190092 Geotechnical Exploration Log
ect Project Address & Site Specific Location Coordinates Exploration Number
CONSULTING Norwegian Point Park, Hansville, WA, See Figure 2 NA TP 09
Contractor Equipment Sampling Method Ground Surface (GS) Elev. (NGVD29 =
High Meadows Excavating Mini Excavator Grab 7.5
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NGVD29) | Depth to Water (Below GS)
Andrew Test Pit 3/27/2019 NA 9' (Static)
) ) Blows/foot A )
Depth| Elev.|  Exploration Completion | Sample ) V:gter: c}sné%‘n’t 9 Blowsis]  Tess | Matel Description Depth
2% 51 TOPSOIL; (4 inches thick)
RO
7 ; FILL
SILTY SAND WITH GRAVEL (SM); medium dense,
_|'| slightly moist, gray-brown; fine to coarse sand; fine to
14 T-probe = 2-3 inches I O 11 coarse, subrounded to rounded gravel; occasional cobbles; | 1
"|| iron-oxide staining.
6
Becomes blue-gray
2T T T - 2
5
Becomes mixed gray and brown; abundant organics.
3T T -3
4
4T T T ~ 4
3 WETLAND DEPOSITS
PEAT (PT); soft, moist, brown; fibrous; contains
51 T-probe = 2 feet | decomposed sticks, logs and other organics. Ls
190
2 ¥ ® 0C=31%
6 T — T T - 6
1
7T T T -7
0
8T T -8
-1
94 W 3/27/2019 IS NN IV H R A 9
TR BEACH DEPOSITS
~._-.~’| SAND (SP); very loose, wet, gray; mostly medium sand
2 ) " "+ -"| with some fine to coarse sand.
"-.". ]| Becomes with fine to coarse, rounded to subrounded
" ._.-| gravels and cobbles
10+ Test pit backfilled with — — - 10
excavated soils. Bottom of exploration at 10 ft. bgs.
-3
Legend Plastic Limit ——— Liquid Limit ] .
o |8 Grabsample ¥ Static Water Level gfe g E:(g (L(I:\Sratlon Log Key for explanation Exploration
g3 o ” Log
8 = =8 Logged by: ECS TP-09
Approved by: ECS Sheet 1 of 1




NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ June 20, 2019

Norwegian Point Park Ring Levee - 190092 Geotechnical Exploration Log
ect Project Address & Site Specific Location Coordinates Exploration Number
CONSULTING Norwegian Point Park, Hansville, WA, See Figure 2 NA TP 1 0
Contractor Equipment Sampling Method Ground Surface (GS) Elev. (NGVD29 =
High Meadows Excavating Mini Excavator Grab 6'
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NGVD29) | Depth to Water (Below GS)
Andrew Test Pit 3/27/2019 NA
) ) Blows/foot A )
Depth| Elev.|  Exploration Completion | Sample ) V:gter: c}sné%‘n’t 9 Blowsis]  Tess | Matel Description Depth
2% 20 TOPSOIL; (4 inches thick)
%
; FILL
SILTY SAND WITH GRAVEL (SM); loose, moist, brown;
-|'| fine to coarse sand; fine to coarse, subrounded to rounded
1 [ O | gravel B
1+ 5 - 1
214 — T - 2
343 93/27/2019 - I I S B B | 3
M OLDER TOPSOIL HORIZON
4 T 2 w i e e SILTY SAND (SM); loose, moist, black; fine to medium -4
- ‘| sand; abundant organics.
WETLAND DEPOSITS
PEAT (PT); soft, moist, brown; fibrous; contains
decomposed sticks, logs and other organics.
511 -5
6T 0 — T - 6
409
7711 w el i e . 4 0OC=56% 7
8 -2 — T -8
9+ -3 Test pit backfilled with = —r——T— 1 - 9
excavated soils. Bottom of exploration at 9 ft. bgs.
10+ 4 T10
Legend Plastic Limit ——— Liquid Limit ] .
o |8 Grabsample Q Water Level (Seepage) gfe g E:(g (L(I:\Sratlon Log Key for explanation Exploration
g3 o ” Log
8 = =8 Logged by: ECS TP-10
Approved by: ECS Sheet 1 of 1




NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ June 20, 2019

Norwegian Point Park Ring Levee - 190092 Geotechnical Exploration Log
ect Project Address & Site Specific Location Coordinates Exploration Number
CONSULTING Norwegian Point Park, Hansville, WA, See Figure 2 NA TP 1 1
Contractor Equipment Sampling Method Ground Surface (GS) Elev. (NGVD29 =
High Meadows Excavating Mini Excavator Grab 6'
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NGVD29) | Depth to Water (Below GS)
Andrew Test Pit 3/27/2019 NA 6' (Static)
) ) Blows/foot A )
Depth| Elev.|  Exploration Completion | Sample ) V:gter: c}sné%‘n’t 9 Blowsis]  Tess | Matel Description Depth
251 TOPSOIL; (4 inches thick)
RO
; FILL
SILTY SAND WITH GRAVEL (SM); loose, moist, gray-
"'l brown; fine to coarse sand; fine to coarse, subrounded to
145 [ O ‘| rounded gravel. Ly
214 T T - 2
3+ 3 T -3
] AASEAR OLDER TOPSOIL HORIZON
w ~21| SILTY SAND (SM); loose, moist, black; fine to medium
4+ 2 (N I [ A O L \sand; abundant organics. [_ 4
: BEACH DEPOSITS
< .-| SAND (SP); very moist, gray; mostly medium sand with
- | some fine and coarse sand.
WETLAND DEPOSITS
511 — PEAT (PT); soft, very moist, brown; fibrous; contains T5
w 198 decomposed sticks, logs and other organics.
oC=17%
| BEACH DEPOSITS
-.~’| SAND (SP); very loose, wet, gray; mostly medium sand
6+ 0 ¥ 3/27/2019 I R N N -~ | with some fine and coarse sand. L6
741 Test pit backfilled with — 1 —F——1 - - - . 7
excavated soils. Test pit terminated upon practical refusal on possible log
Bottom of exploration at 7 ft. bgs.
8 -2 T -8
9+ -3 T -9
10+ 4 T10
Legend Plastic Limit ——— Liquid Limit ] .
o |8 Grabsample ¥ Static Water Level gfe g E:(g (L(I:\Sratlon Log Key for explanation Exploration
g3 o ” Log
8 = =8 Logged by: ECS TP-11
Approved by: ECS Sheet 1 of 1




NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ May 18, 2022

Norwegian Point Park - 190092 Geotechnical Exploration Log
pect Project Address & Site Specific Location Coordinates (Lat,Lon WGS84) Exploration Number
CONSULTING | Norwegian Point Park, Hansville, WA, see Figure 2 for specific location. 47.9155, -122.5457 (est) AMW 01
Contractor Equipment Sampling Method Ground Surface Elev. (NAVD88) =
Ecology Well Tag No.
Holocene Dirilling, Inc. CME-85 Truck Mount Autohammer; 140 Ib hammer; 30" drop 10.6' (est) Ogng024 o
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NAVD88) | Depth to Water (Below GS)
8.5" OD X 4.25" ID
Eric Hollow-Stem Auger 11/22/2021 13.9' (est) 5.3' (ATD)
. Blows/foot A .

Depth| Elev. Exploration Notes and Sampl o | Material i Depth
(f‘;‘;t) (fei‘{) é’; ?r:?:llaolir:)n %leaﬁg T?;T;?IS , V:gterz (gon\t;znt (4 f;)zo Blows/6|  Tests '?y?)rela Description ®
- 3.3 ft casing stickup =T 1T— 1 -

1 inside 6 inch diam.
steel monument with
1 locking cap I N I A ~
0+ 0
TOPSOIL
10 i SILTY SAND WITH GRAVEL (SM); moist, brown; fine to
T Concrete surface seal . ‘1. IMcoarse sand; fine to coarse gravel. B
FILL
T 2-inch-diameter Sch T || SILTY SAND (SM); very loose, very moist, brown; fine -
40 PVC casing o os ‘1| sand; trace fine gravel; few organics.
4 o e et e T L
o |* ’
1 3 . S e 1 1 N L
® Hidi g agbenionte 0 OLDER TOPSOIL HORIZON °
5 < o 0 SILT (ML); very loose, moist, dark brown; low plasticity;
T O ST ] © some organics. B
0 BEACH DEPOSITS
-+ ol T~ o ~.-.-’| SAND (SP); medium dense, wet, gray; fine to medium o
N 3 .. -."| sand; trace silt.
T 3 PS 3_:_ - 10
0 < < 7 .
4 LC S [N B, G 11 U . . . . -
- 1-inch pockets of silt- and sand-sized organics.
1 [ T I ;.: -~ { Heaving sands packed sampler. Blow counts not L
2 20 - .| representative.
A4 o
- — T 1-inch pockets of silt- and sand-sized organics. o
15 1 Switched to mud . - 15
rotary drilling at 15 ft 2 - Trace fine gravel.
5 bgs © 3 -
— @ — & — +— — — +— — 5 _:. -
o
20 + -+ 18-35 ft bgs 2x12 o —_————— = — — — — — — — — — — — — — 120
.| silica sand | 18 e GRAVEL WITH SILT AND SAND (GP-GM); medium
-10 |- 5 16 094 V| dense, wet, brown; fine to medium sand; fine gravel.
=+ O ——t — &t — +— — 9 8 -
. — [e]
- o
- 1{ 21-31 ft bgs, =t —t—1—1 o =
| 2-inch-diameter Sch [e}
| 400.010" slotted o
A1 .| screen L [¢] |
[e]
o
[e]
4 I I (S G o L
i [e]
o o
Legend Plastic Limit ——— Liquid Limit . .
° No Soil Sample Recovery Y Water Level ATD gfe gyﬁ:(g (L(I:\Sratlon Log Key for explanation Exploration
2 8| split Barrel 2" X 1.375" (SPT) 29 Log
3 =3 Logged by: DCB AMW-01
Approved by: AJD 5/15/2022 Sheet 1 of 2

Review Stage:DRAFT Rev.2



NEW STANDARD EXPLORATION LOG TEMPLATE P:\GINTW\PROJECTS\190092 - NORWEGIAN POINT PARK RING DIKE.GPJ May 18, 2022

Norwegian Point Park - 190092 Geotechnical Exploration Log
pect Project Address & Site Specific Location Coordinates (Lat,Lon WGS84) Exploration Number
CONSULTING | Norwegian Point Park, Hansville, WA, see Figure 2 for specific location. 47.9155, -122.5457 (est) AMW 01
Contractor Equipment Sampling Method Ground Surface Elev. (NAVD88) =
Ecology Well Tag No.
Holocene Dirilling, Inc. | CME-85 Truck Mount Autohammer; 140 Ib hammer; 30" drop 10.6' (est) Ogng024 9
Operator Exploration Method(s) Work Start/Completion Dates Top of Casing Elev. (NAVD88) | Depth to Water (Below GS)
8.5" OD X 4.25" ID
Eric Hollow-Stem Auger 11/22/2021 13.9' (est) 5.3' (ATD)
. Blows/foot A .
Depth| Elev. Exploration Notes and Sampl o | Material i Depth
ool fuy|  Pgomenieesd ISRl wwaterContnt (e Blowsi]  Tess | Milers i
T B <
25+ - Htrre_——————= Y ———— — — — - 25
! 18 211l SAND WITH SILT (SP-SM); medium dense, wet, gray;
gl == ] 19 “111] fine to medium sand.
e = O F1—F1—1a1 25 NE3 B
0T H 8 T30
20 |- - o 7
£+ :;: L —ta— - — — — 6 -
35+ e 8 + 35
25 =) 15
=+ D~ —— &t 19 L
+ 35-51.5 ft bgs ———F—4—t+— -
bentonite grout
40+ 8 T 40
-30 A 14
4 o4 tat—+— 10 L
45+ 13 + 45
-35 o 18
4 o1t at— g L
50 + I ————————————————— — — — — — 50
8 |{[| SILTY SAND (SM); medium dense, wet, gray; fine sand,
-40 2 15 “I'['| with thin beds of silt.
4 [ Y Y 171 L
| I O O Bottom of exploration at 51.5 ft. bgs. L
Legend Plastic Limit ——— Liquid Limit . .
° No Soil Sample Recovery Y Water Level ATD gfsylrinxg(l)?éahon Log Key for explanation Exploration
g é’ P Split Barrel 2" X 1.375" (SPT) 29 Log
3 =9 Logged by: DCB AMW-01
Approved by: AJD 5/15/2022 Sheet 2 of 2

Review Stage:DRAFT Rev.2



APPENDIX B

Laboratory Test Results



Materials Testing & Consulting, Inc.

Geotechnical Engineering * Special Inspection * Materials Testing ¢ Environmental Consulting MATERIALS TESTING & CONSULTING, INC.

Sieve Report

Project: Q.C. Norwegian Point Park Date Received: February 5, 2022 ASTM D-2487 Unified Soils Classification System
Project #: 225029-02 Date Sampled: November 22,2021  ||SM, Silty Sand
Client: Aspect Consulting Sampled By: Client Sample Color:
Source: Boring AMW-01 at 2.5 ft Date Tested: February 21, 2022 Brownish Grey %“
Sample#: $22-0036 Tested By: Mark Peterson o
ASTM D-2216, ASTM D-2419, ASTM D-4318, ASTM D-5821
D = 0.010 mm % Gravel = 3.4% Coeff. of Curvature, Cc = 0.72
Specifications Dggy= 0.020 mm % Sand = 59.7% Coeff. of Uniformity, C,, = 12.50
No Specs D5 = 0.030 mm % Silt & Clay = 36.9% Fineness Modulus = 1.26
Sample Meets Specs ? N/A D)= 0.061 mm Liquid Limit = n/a Plastic Limit = n/a
D(sgy= 0.182  mm Plasticity Index = n/a Moisture %, as sampled = 17.9%
Doy = 0.254 mm Sand Equivalent = n/a Req'd Sand Equivalent =
Dgp= 0.905 mm Fracture %, 1 Face = n/a Req'd Fracture %, 1 Face =
Dust Ratio = 33/68 Fracture %, 2+ Faces = n/a Req'd Fracture %, 2+ Faces =
ASTM C-136, ASTM D-6913
Actual Interpolated Grain Size Distribution
Cumulative | Cumulative
Sieve Size Percent Percent Specs Specs bt e s o . 22 258923385988
uUs Metric Passing Passing Max Min 100% 40980 SRS A B8 S dvared 100.0%
12.00" 300.00 100% 100.0% 0.0% .
10.00" 250.00 100% 100.0% 0.0% \‘
8.00" 200.00 100% 100.0% 0.0% 0% 90.0%
6.00" 150.00 100% 100.0% 0.0% \
4.00" 100.00 100% 100.0% 0.0% o 0o
3.00" 75.00 100% 100.0% 0.0% \‘
2.50" 63.00 100% 100.0% 0.0% \
2.00" 50.00 100% 100.0% 0.0% 70% 700%
1.75" 45.00 100% 100.0% 0.0% \
1.50" 37.50 100% 100.0% 0.0% \
1.25" 31.50 100% 100.0% 0.0% 0% * €00%
1.00" 25.00 100% 100.0% 0.0% 2 \ 2
3/4" 19.00 100% 100.0% 0.0% ; o ot ;
5/8" 16.00 100% 100.0% 0.0% \’
172" 12.50 100% 100.0% 0.0% \
3/8" 9.50 100% 100.0% 0.0% 0% * 40.0%
1/4" 6.30 100% 100.0% 0.0% *
#4 4.75 97% 97% 100.0% 0.0%
#8 2.36 95% 95% 100.0% 0.0% o 0o%
#10 2.00 94% 94% 100.0% 0.0%
#16 118 91% 100.0% 0.0% o oor
#20 0.850 90% 90% 100.0% 0.0%
#30 0.600 82% 100.0% 0.0%
#40 0.425 76% 76% 100.0% 0.0% 10% 100%
#50 0.300 64% 100.0% 0.0%
#60 0.250 60% 60% 100.0% 0.0%
#80 0.180 50% 50% 100.0% 0.0% o 100000 10,000 1.000 0.100 0010 o001
#100 0.150 46% 46% 100.0% 0.0%
#140 0.106 41% 100.0% 0.0% Porticte ize {mm)
#170 0.090 39% 100.0% 0.0%
#200 0.075 36.9% 36.9% 100.0% 0.0% +  Sievesies s = MaxSpecs s — Min Specs e Sieve ResUS
Copyright | Spears Engineering & Technical Services PS, 1996-98
All results apply only to actual locations and materials tested. As a mutual protection to clients, the public and ourselves, all reports are submitted as the confidential property of clients, and authorization for publication of statements, conclusions or extracts from or regarding our reports is reserved pending our written approval.

Comments:

Wank Fetarasn

Reviewed by:

Corporate ~ 777 Chrysler Drive ¢ Burlington, WA 98233 e« Phone (360) 755-1990 + Fax (360) 755-1980

Regional Offices:  Olympia ~ 360.534.9777 Bellingham ~ 360.647.6111 Silverdale ~ 360.698.6787 Tukwila ~ 206.241.1974
Visit our website: www.mtc-inc.net



Materials Testing & Consulting, Inc.

Geotechnical Engineering * Special Inspection * Materials Testing ¢ Environmental Consulting

Sieve Report

MATERIALS TESTING & CONSULTING, INC.

Project: Q.C. Norwegian Point Park
Project #: 225029-02

Date Received:
Date Sampled:

February 10, 2022
November 22, 2021

ASTM D-2487 Unified Soils Classification System
SP, Poorly graded Sand

Client: Aspect Consulting Sampled By: Client Sample Color:
Source: Boring AMW-01 at 10 ft Date Tested: February 21,2022  |[Grey ACGCREDITED] |
Sample#: $22-0037 Tested By: Mark Peterson o

ASTM D-2216, ASTM D-2419, ASTM D-4318, ASTM D-5821

D = 0185 mm % Gravel = 0.2% Coeff. of Curvature, Cc = 0.88
Specifications Dgugy= 0.254 mm % Sand = 97.1% Coeff. of Uniformity, C, = 2.21
No Specs D5 = 0.279 mm % Silt & Clay = 2.8% Fineness Modulus = 2.18
Sample Meets Specs ? N/A D3 = 0.355 mm Liquid Limit = n/a Plastic Limit = n/a
Dsgy= 0.476  mm Plasticity Index = n/a Moisture %, as sampled = 29.5%
Dg)= 0.563 mm Sand Equivalent = n/a Req'd Sand Equivalent =
Dgpy= 0.822 mm Fracture %, 1 Face = n/a Req'd Fracture %, 1 Face =
Dust Ratio = 1/16 Fracture %, 2+ Faces = n/a Req'd Fracture %, 2+ Faces =
ASTM C-136, ASTM D-6913
Actual . Interpol;ted Grain Size Distribution
Cumulative | Cumulative
Sieve Size Percent Percent Specs Specs bt e s «© 25893385958
uUs Metric Passing Passing Max Min 100% 40980 WIS S Siarated 100.0%
12.00" 300.00 100% 100.0% 0.0% N\ |
10.00" 250.00 100% 100.0% 0.0% ’“‘01
8.00" 200.00 100% 100.0% 0.0% 0% ‘ 900%
6.00" 150.00 100% 100.0% 0.0%
4.00" 100.00 100% 100.0% 0.0% o w00
3.00" 75.00 100% 100.0% 0.0%
2.50" 63.00 100% 100.0% 0.0%
2.00" 50.00 100% 100.0% 0.0% 70% 700%
1.75" 45.00 100% 100.0% 0.0%
1.50" 37.50 100% 100.0% 0.0%
1.25" 31.50 100% 100.0% 0.0% 0% o0%
1.00" 25.00 100% 100.0% 0.0% 2 2
3/4" 19.00 100% 100.0% 0.0% ; o ot ;
5/8" 16.00 100% 100.0% 0.0%
172" 12.50 100% 100.0% 0.0% L
3/8" 9.50 100% 100.0% 0.0% 0% 00%
1/4" 6.30 100% 100.0% 0.0%
#4 4.75 100% 100% 100.0% 0.0%
#8 2.36 99% 99% 100.0% 0.0% o 0%
#10 2.00 99% 99% 100.0% 0.0% ‘
#16 118 95% 100.0% 0.0% 0% 200%
#20 0.850 93% 93% 100.0% 0.0%
#30 0.600 64% 100.0% 0.0% \
#40 0.425 44% 44% 100.0% 0.0% 10% Y 100%
#50 0.300 19% 100.0% 0.0% \"
#60 0.250 9% 9% 100.0% 0.0% | oo
#80 0.180 5% 5% 100.0% 0.0% o 100000 10.000 1.000 T0.100 0010 o001
#100 0.150 4% 4% 100.0% 0.0%
#140 0.106 3% 100.0% 0.0% Poricle size (mm)
#170 0.090 3% 100.0% 0.0%
#200 0.075 2.8% 2.8% 100.0% 0.0% +  Sievesies s = Max Specs e — Min Specs e Sicve Resuils
Copyright | Spears Engineering & Technical Services PS, 1996-98
All results apply only to actual locations and materials tested. As a mutual protection to clients, the public and ourselves, all reports are submitted as the confidential property of clients, and authorization for publication of statements, conclusions or extracts from or regarding our reports is reserved pending our written approval.

Comments:

Wank Fetarasn

Reviewed by:

Corporate ~ 777 Chrysler Drive ¢ Burlington, WA 98233 e« Phone (360) 755-1990 + Fax (360) 755-1980

Bellingham ~ 360.647.6111 Silverdale ~ 360.698.6787 Tukwila ~ 206.241.1974

Visit our website: www.mtc-inc.net

Regional Offices:  Olympia ~ 360.534.9777



Materials Testing & Consulting, Inc.

Geotechnical Engineering * Special Inspection « Materials Testing ¢ Environmental Consulting

Project: Q.C. - NPP Ring Dike
Project #: 18B011-15

Date Received: April 5,2019

Date Tested: April 8,2019

Client: Aspect Consulting

i o

am

Ma ~ e - \ﬁ‘
ferialg Testing & Consu\m\

Sampled by: Client
Tested by: A. Eifrig

Moisture Content - AASHTO T-265

Sample # Location Tare Wet + Tare Dry + Tare |Wgt. Of Moisture] Wgt. Of Soil % Moisture
B19-0190 TP-3 @ 2-3' 378.2 1652.5 1495.5 157.0 1117.3 14.1%
B19-0191 TP-3 @ 4-5' 380.1 1647.8 1462.8 185.0 1082.7 17.1%
B19-0193 TP-4 @ 2-3' 413.8 1475.8 1298.5 177.3 884.7 20.0%
B19-0196 TP-6 @ 3-4' 379.8 1362.8 12357 127.1 855.9 14.8%

All results apply only to actual locations and materials tested. As a mutual protection to clients, the public and ourselves, all reports are submitted as the confidential property of clients, and authorization for publication of statements, conclusions or extracts from or regarding our reports is

Reviewed b

reserved pending our written approval.

y:

Meghan Blodgett-Carrillo

Corporate ~ 777 Chrysler Drive ¢ Burlington, WA 98233 < Phone (360) 755-1990 < Fax (360) 755-1980

Regional Offices:

Olympia ~ 360.534.9777

Bellingham ~ 360.647.6111

Silverdale ~ 360.698.6787

Visit our website: www.mtc-inc.net

Tukwila ~ 206.241.1974



Materials Testing & Consulting, Inc. '

Geotechnical Engineering ¢ Special Inspection ¢ Materials Testing ¢ Environmental Consulting Y, &.l“’

— o
Lateriy Testing & CansulnB

Project: Q.C. - NPP Ring Dike Client: Aspect Consulting
Project #: 18B110-15
Date Received: April 5,2019 Sampled by: Client
Date Tested: April 9, 2019 Tested by: A. Eifrig

Moisture Content - AASHTO T-265

Sample # Location Tare Wet + Tare Dry + Tare |Wgt. Of Moisture] Wgt. Of Soil % Moisture
B19-0192 TP-3 @ 6-7' 707.9 1807.8 1001.4 806.4 293.5 274.8%
B19-0194 TP-5 @ 5-6' 731.1 1896.0 1022.0 874.0 290.9 300.4%
B19-0199 TP-8 @ 7-8' 759.4 1830.2 1145.3 684.9 385.9 177.5%
B19-0200 TP-9 @ 5-6' 724.1 1879.1 1175.6 703.5 451.5 155.8%
B19-0201 TP-10 @ 6-8' 645.4 1752.4 863.1 889.3 217.7 408.5%
B19-0202 TP-11 @ 5' 688.8 2026.9 1139.4 887.5 450.6 197.0%

Organic Content - AASHTO T-267

Sample # Location Tare Soil + Tare, Pre-Ignition Soil + Tare, Post Ignition % Organics
B19-0192 TP-3 @ 6-7' 49.9 68.8 58.5 54.5%
B19-0194 TP-5 @ 5-6' 52.7 63.3 57.3 56.6%
BI19-0199 TP-8 @ 7-8' 51.7 70.1 65.5 25.0%
B19-0200 TP-9 @ 5-6' 51.5 82.6 77.6 16.1%
B19-0201 TP-10 @ 6-8' 49.1 63.0 55.2 56.1%
B19-0202 TP-11 @ 5' 40.4 76.1 72.7 11.4%

AT TCSUTS APPTY ONTY {0 ACTUAT TOCATIONS ANd MATCIIATS [CSICA. S & MUTUAT PTOTCCTION 10 CTICNTS, (NG PUDIIC ANG OUTSCIVS, A1l TCPOTTS ATC SUDMITICA A5 NC CONTIACITIAT PIOPCITY OT CTICITS, ANQ AUTNOTIZATION TOT PUDTICATION OT SIAICTICATS, CONCIUSIONS OF CXITACLS TTOM OF TCEATAINE OUT TCPOTTS

is reserved pending our written approval.

Reviewed by:

Meghan Blodgett-Carrillo
Corporate ~ 777 Chrysler Drive ¢ Burlington, WA 98233 < Phone (360) 755-1990 < Fax (360) 755-1980

Regional Offices:  Olympia ~ 360.534.9777 Bellingham ~ 360.647.6111 Silverdale ~ 360.698.6787 Tukwila ~ 206.241.1974

Visit our website: www.mtc-inc.net



Materials Testing & Consulting, Inc.

Geotechnical Engineering * Special Inspection ¢ Materials Testing ¢« Environmental Consulting

Project: Q.C. - NPP Ring Dike

Client: Aspect Consulting

Project #: 18B110-15

Sampled by: Client

Date Received: April 5, 2019
Date Tested: April 15, 2019

Tested by: A. Eifrig

Moisture Content - AASHTO T-265

i o

||
- -

Sample # Location Tare Wet + Tare Dry + Tare [wagt. Of Moisture] Wgt. Of Soil % Moisture
B19-0199 Re-test TP-8 @ 7-8' 690.0 1250.5 893.7 356.8 203.7 175.2%
B19-0200 Re-test TP-9 @ 5-6 719.3 1621.9 1031.0 590.9 311.7 189.6%
B19-0202 Re-test TP-11 @5 686.9 1317.2 898.8 418.4 211.9 197.5%

Organic Content - AASHTO T-267

Sample # Location Tare Soil + Tare, Pre-Ignition Soil + Tare, Post Ignition % Organics
B19-0199 Re-test TP-8 @ 7-8' 68.5 106.2 95.9 27.3%
B19-0200 Re-test TP-9 @ 5-6' 64.0 112.9 97.6 31.3%
B19-0202 Re-test TP-11 @ 5' 68.1 122.0 112.9 16.9%

he confidential property of clients, and authorization for publication of statements, conclusions or extracts from or regarding our reports Is

All'results apply only to actual locations and materials tested. As a mutual protection to clients, the public and ourselves, all reports are submitted as
reserved pending our written approval.
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Materials Testing & Consulting, Inc.

Geotechnical Engineering ¢ Special Inspection * Materials Testing * Environmental Consulting

Sieve Report

Project: Q.C. - NPP Ring Dike Date Received: 5-Apr-19 Unified Soil Classification System, ASTM-2487
Project #: 18B011-15 Sampled By: Client SP, Poorly graded Sand
Client: Aspect Consulting Date Tested: 8-Apr-19 Sample Color:
Source: TP-1 @ 5-6' Tested By: A. Eifrig Gray
Sample#: B19-0189

AASHTO T-176, AASHTO T-255, AASTHO T-335, AASHTO T-89, AASHTO T-90

D)= 0.174 mm % Gravel = 1.6% Coeff. of Curvature, C= 0.62
Specifications D= 0.203 mm % Sand = 97.8% Coeff. of Uniformity, Cy; = 4.02
No Specs D(5= 0.232 mm % Silt & Clay = 0.6% Fineness Modulus = 2.53
Sample Meets Specs ? N/A Dg0= 0.320 mm Liquid Limit = n/a Plastic Limit = n/a
D(sgy= 0.495 mm Plasticity Index = n/a Moisture %, as sampled = n/a
Doy= 0.817 mm Sand Equivalent = n/a Req'd Sand Equivalent =
Dggy= 1.782 mm Fracture %, 1 Face = n/a Req'd Fracture %, 1 Face =
Dust Ratio= 1/87 Fracture %, 2+ Faces = n/a Req'd Fracture %, 2+ Faces =
ASTM C136 - AASHTO T11/T27
Actual Interpolated Grain Size Distribution
Cumulative| C lativ
Sieve Size Percent Percent Specs Specs .
US Metric Passing Passing Max Min 100% 9999 1000%
12.00" 300.00 100% 100.0% 0.0%
10.00" 250.00 100% 100.0% 0.0%
8.00" 200.00 100% 100.0% 0.0% 0% 900%
6.00" 150.00 100% 100.0% 0.0%
4.00" 100.00 100% 100.0% 0.0%
80% 80.0%
3.00" 75.00 100% 100.0% 0.0%
2.50" 63.00 100% 100.0% 0.0%
2.00" 50.00 100% 100% 100.0% 0.0% 70% 700%
1.75" 45.00 100% 100.0% 0.0%
1.50" 37.50 100% 100.0% 0.0%
1.25" 31.50 100% 100.0% 0.0% 0% 0o%
1.00" 25.00 100% 100% 100.0% 0.0% 2 \ 2
3/4" 19.00 100% 100% 100.0% 0.0% 4 A 8
3 50% 50.0% e
5/8" 16.00 100% 100.0% 0.0% K
172" 12.50 100% 100% 100.0% 0.0%
3/8" 9.50 99% 99% 100.0% 0.0% 40% 40.0%
1/4" 6.30 99% 100.0% 0.0%
#4 4.75 98% 98% 100.0% 0.0%
#8 2.36 97% 100.0% 0.0% o 00
#10 2.00 97% 97% 100.0% 0.0%
#16 118 71% 100.0% 0.0% o \- oox
#20 0.850 61% 100.0% 0.0% *
#30 0.600 53% 100.0% 0.0%
#40 0.425 48% 48% 100.0% 0.0% 10% 100%
#50 0.300 27% 100.0% 0.0% .
#60 0.250 18% 100.0% 0.0% e
#30 0.180 6% 100.0% 0.0% ekt - % o oot oot
#100 0.150 1% 1% 100.0% 0.0%
#140 0.106 1% 100.0% 0.0% Fertietesize (mm)
#170 0.090 1% 100.0% 0.0%
#200 0.075 0.6% 0.6% 100.0% 0.0% +  Sieve Sizes 4 == Max Specs e = Min Specs e Sieve ReSUITS
Copyright | Spears Engineering & Technical Services PS, 1996-98
mitied as the confidential property of clients, and authorization for publication of statements, concIUSIONs or exracts [Fom O regarding our reports is reserved pending our writien approval.
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Materials Testing & Consulting, Inc.

Geotechnical Engineering ¢ Special Inspection * Materials Testing * Environmental Consulting

Sieve Report

"All results apply only (o actual locations and materials (ested. As a mufual protection o clients, the public and ourselves, all reports are s

Project: Q.C. - NPP Ring Dike Date Received: 5-Apr-19 Unified Soil Classification System, ASTM-2487
Project #: 18B011-15 Sampled By: Client SP, Poorly graded Sand
Client: Aspect Consulting Date Tested: 8-Apr-19 Sample Color:
Source: TP-5 @ 8.5-9.5' Tested By: A. Eifrig Gray
Sample#: B19-0195
AASHTO T-176, AASHTO T-255, AASTHO T-335, AASHTO T-89, AASHTO T-90
D)= 0.172 mm % Gravel = 7.0% Coeff. of Curvature, C= 0.60
Specifications D(9p= 0.200 mm % Sand = 92.3% Coeff. of Uniformity, Cy= 4.13
No Specs Dgs5= 0.229 mm % Silt & Clay = 0.7% Fineness Modulus = 2.70
Sample Meets Specs ? N/A Dgp= 0.315 mm Liquid Limit = n/a Plastic Limit = n/a
Dspy= 0.450 mm Plasticity Index = n/a Moisture %, as sampled = n/a
Dgoy= 0.826  mm Sand Equivalent = n/a Req'd Sand Equivalent =
Dggy= 1.953 mm Fracture %, 1 Face = n/a Req'd Fracture %, 1 Face =
Dust Ratio= 1/71 Fracture %, 2+ Faces = n/a Req'd Fracture %, 2+ Faces =
ASTM C136 - AASHTO T11/T27
Actual Interpolated Grain Size Distribution
Cumulative| C lativ
Sieve Size Percent Percent Specs Specs
US Metric Passing Passing Max Min 100% 9999 1000%
12.00" 300.00 100% 100.0% 0.0%
10.00" 250.00 100% 100.0% 0.0%
8.00" 200.00 100% 100.0% 0.0% 0% 900%
6.00" 150.00 100% 100.0% 0.0%
4.00" 100.00 100% 100.0% 0.0%
80% 80.0%
3.00" 75.00 100% 100.0% 0.0%
2.50" 63.00 100% 100.0% 0.0% \
2.00" 50.00 100% 100% 100.0% 0.0% 70% 8 700%
1.75" 45.00 100% 100.0% 0.0% \
1.50" 37.50 99% 100.0% 0.0%
1.25" 31.50 99% 100.0% 0.0% 0% ‘ 0o%
1.00" 25.00 98% 98% 100.0% 0.0% 2 \ 2
3/4" 19.00 98% 98% 100.0% 0.0% ¢ h 4
® 50% 3 50.0% 1
5/8" 16.00 97% 100.0% 0.0%
12" 12.50 96% 96% 100.0% 0.0%
3/8" 9.50 95% 95% 100.0% 0.0% 40% 40.0%
1/4" 6.30 94% 100.0% 0.0%
#4 4.75 93% 93% 100.0% 0.0%
#8 2.36 91% 100.0% 0.0% o 00
#10 2.00 91% 91% 100.0% 0.0%
#16 118 69% 100.0% 0.0% o oox
#20 0.850 61% 100.0% 0.0%
#30 0.600 54% 100.0% 0.0%
#40 0.425 49% 49% 100.0% 0.0% 10% 100%
#50 0.300 27% 100.0% 0.0% &
#60 0.250 19% 100.0% 0.0% Mesie
#30 0.180 6% 100.0% 0.0% ekt - % o0 oot oot
#100 0.150 1% 1% 100.0% 0.0%
#140 0.106 1% 100.0% 0.0% Fertietesize (mm)
#170 0.090 1% 100.0% 0.0%
#200 0.075 0.7% 0.7% 100.0% 0.0% +  Sieve Sizes 4 == Max Specs e = Min Specs e Sieve ReSUITS
Copyright | Spears Engineering & Technical Services PS, 1996-98
iticd as the confidential proparty of cients, and authorization for publicalion of s@lcrerts, conclusTons of exiracts Fom or regarding our Feports Is reserved pending our writien approval.

Comments:
/A
A o 00
Reviewed by:
Meghan Blodgett-Carrillo
Corporate ~ 777 Chrysler Drive ¢ Burlington, WA 98233 < Phone (360) 755-1990 « Fax (360) 755-1980
Regional Offices:  Olympia ~ 360.534.9777 Bellingham ~ 360.647.6111 Silverdale ~ 360.698.6787 Tukwila ~ 206.241.1974

Visit our website: www.mtc-inc.net



Materials Testing & Consulting, Inc.

Geotechnical Engineering ¢ Special Inspection * Materials Testing * Environmental Consulting

Sieve Report

Project: Q.C. - NPP Ring Dike Date Received: 5-Apr-19 Unified Soil Classification System, ASTM-2487
Project#: 19B110 Sampled By: Client SM, Silty Sand
Client: Aspect Consulting Date Tested: 8-Apr-19 Sample Color:
Source: TP-7 @ 2-3' Tested By: A. Eifrig Brown
Sample#: B19-0197

AASHTO T-176, AASHTO T-255, AASTHO T-335, AASHTO T-89, AASHTO T-90

D)= 0.011 mm % Gravel = 10.1% Coeff. of Curvature, C= 0.62
Specifications D= 0.021 mm % Sand = 54.8% Coeff. of Uniformity, Cy = 14.49
No Specs D(5y= 0.032 mm % Silt & Clay = 35.1% Fineness Modulus = 1.69
Sample Meets Specs ? N/A Dg0)= 0.064 mm Liquid Limit = n/a Plastic Limit = n/a
Disgy= 0211 mm Plasticity Index = n/a Moisture %, as sampled = 15.5%
Doy= 0.309 mm Sand Equivalent = n/a Req'd Sand Equivalent =
Dgpy= 4.887 mm Fracture %, 1 Face = n/a Req'd Fracture %, 1 Face =
Dust Ratio = 45/91 Fracture %, 2+ Faces = n/a Req'd Fracture %, 2+ Faces =

ASTM C136 - AASHTO T11/T27

Actual Interpolated Grain Size Distribution
Cumulative| C lativ
Sieve Size Percent Percent Specs Specs L
US Metric Passing Passing Max Min 100% 99999 1000%
12.00" 300.00 100% 100.0% 0.0%
10.00" 250.00 100% 100.0% 0.0%
8.00" 200.00 100% 100.0% 0.0% 0% 900%
6.00" 150.00 100% 100.0% 0.0%
4.00" 100.00 100% 100.0% 0.0%
80% 80.0%
3.00" 75.00 100% 100.0% 0.0% \
2.50" 63.00 100% 100.0% 0.0% \
2.00" 50.00 100% 100% 100.0% 0.0% 70% % 700%
1.75" 45.00 100% 100.0% 0.0%
1.50" 37.50 99% 100.0% 0.0%
1.25" 31.50 99% 100.0% 0.0% 0% 0o%
1.00" 25.00 98% 98% 100.0% 0.0% 2 \, 2
3/4" 19.00 97% 97% 100.0% 0.0% 4 8
3 50% 50.0% e
5/8" 16.00 96% 100.0% 0.0% \’
12" 12.50 95% 95% 100.0% 0.0% \
3/8" 9.50 94% 94% 100.0% 0.0% 40% \, 40.0%
1/4" 6.30 91% 100.0% 0.0% * X
#4 4.75 90% 90% 100.0% 0.0%
#8 2.36 88% 100.0% 0.0% % 0o
#10 2.00 88% 88% 100.0% 0.0%
#16 118 84% 100.0% 0.0% o oo
#20 0.850 82% 82% 100.0% 0.0%
#30 0.600 76% 100.0% 0.0%
#40 0.425 71% 71% 100.0% 0.0% 10% 100%
#50 0.300 59% 100.0% 0.0%
#60 0.250 54% 54% 100.0% 0.0%
#30 0.180 47% 100.0% 0.0% et - % A o010 oot
#100 0.150 43% 43% 100.0% 0.0%
#140 0.106 38% 100.0% 0.0% Fertietesize (mm)
#170 0.090 37% 100.0% 0.0%
#200 0.075 35.1% 35.1% 100.0% 0.0% +  Sieve Sizes 4 == Max Specs e = Min Specs e Sieve ReSUITS
Copyright | Spears Engineering & Technical Services PS, 1996-98
"All results apply only (0 actual locations and materials (estcd. As a muttal protection o clients, the public and ourselves, all reports are submiticd as the confidential property of clients, and authorization for publication of staicments, CONCIUSIONS O extracts from or regarding our reports 1s reserved pending our witten approval.
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Materials Testing & Consulting, Inc.

Geotechnical Engineering ¢ Special Inspection * Materials Testing * Environmental Consulting

Proctor Report

Project: Q.C. - NPP Ring Dike Date Received: 5-Apr-19 Unified Soils Classification System, ASTM D-2487 AASHTO T11/T27
Project #: 19B110 Sampled By: Client SM, Silty Sand Sieve Size Percent Specifications
Client: Aspect Consulting Date Tested: §8-Apr-19 Sample Color US mm Passing Max Min
Source: TP-7 @ 2-3' Tested By: A. Eifrig Brown 12.00" 300.00 100% 0%
Sample#: B19-0197 10.00" 250.00 100% 0%
Sample Prepared: Moist: X Manual: 8.00"  200.00 100% 0%
Dry: Mechanical: X 6.00" 150.00 100% 0%
Test Standard:  ASTM D698: AASHTO T 99: Method 4.00"  100.00 100% 0%
ASTM D 1557: X AASHTO T 180: A 3.00"  75.00 100% 0%
Assumed Sp. Gr. Point Percent Dry Uncorrected Proctor Value 2.50"  63.00 100% 0%
2.70 Number Moisture Density Max. Dry Density Optimum Moist|| 2.00"  50.00 100% 100% 0%
1 5.4 % 126.3 130.7 Ibs/ft” 8.3 % 1.75"  45.00 100% 0%
2 7.5% 130.5 1.50"  37.50 100% 0%
3 9.5% 129.9 Value w/ Oversize Correction Applied 1.25"  31.50 100% 0%
4 11.4% 125.6 Max. Dry Density Optimum Moist|| 1.00" 25.00 98% 100% 0%
|ACCRED|TED| 133.8 Ibs/ft” 7.5% 3/4" 19.00 97% 100% 0%
5/8"  16.00 100% 0%
12" 1250  95% 100% 0%
Moisture Density Relationship 3/8" 9.50 94% 100% 0%
140.0 e 1/4" 6.30 100% 0%
138.0 . #4 4.75 90% 100% 0%
1360 e efo-Air Voids #8236 100% 0%
1340 B #10 2.00 8% 100% 0%
e T #16 118 100% 0%
E 1300 S S e T #20 0850 82% 100% 0%
- e #30 0.600 100% 0%
a e #40 0425 71% 100% 0%
1260 \ — #50 0.300 100% 0%
1240 —— #60 0250 54% 100% 0%
1220 - — #80 0.180 100 % 0%
120-04% 5% 6% 7% 8% 9% 10% 1% 12% 13% 14% ;S"A; # 1 OO 0 1 50 43 % 1 00 % 0 %
Percent Moisture #140 0.106 100 % 0%
#170  0.090 100% 0%
o Datons Jero Airveids Curve conefit #200  0.075 35.1% 100.0% 0.0 %
Annex Al, Misc. Oversize Correction Values Specs:N0lSO=c MeetslSpecs N/
% Oversize Mat'l: 10% % Gravel: 10.1% Ce: 0.62 D(j0): 0.021
% Oversize Corrected Optimum % Sand: 54.8% Cy: 14.49 D)t 0.064
Retained Density Moisture % Silt&Clay: 35.1% FM: 1.69 Digo): 0.309
5% 132.2 7.9%
10% 133.7 7.5% LL: n/a PL: n/a PI: n/a
15% 135.3 7.1%
20% 136.9 6.8% Sand Equivalent: n/a Req'd Sand Equivalent:
25% 138.5 6.4%
30% 140.2 6.0% Fracture %, 1 Face: n/a Req'd Fracture %, 1 Face:
Copyright Spears Engineering & Technical Services PS, 1996-98 Fracture %, 2+ Faces: n/a Req'd Fracture %, 2+ Faces:
All results apply only to actual locations and materials tested. As a mutual protection to clients, the public and ourselves, all reports are submitted as the confidential property of clients, and for of statements, or extracts from or regarding our reports is reserved pending our written
approval.
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APPENDIX C

Seepage and Slope Stability
Analysis Results



o |
] . Unit Weight | Strength | Cohesion | Phi | Cohesion Cohesion .
1 Material Name | Color | 0 e N e |tdeg | Type | chanes (petitt) Material Name Color | KS (cm/s) | K2/K1
| ~ Mohr- Levee Fill | | 0.003 1
B Levee Fill |:| 120 Coulomb 50 34
1 Bxisting il | [ 115 Cxcl’:;b 25 32 Existing Fill . 0.05 1
o Wetland Mohr- Wetland Deposits (Peat 0.1 0.1
<] Deposits (Peat) . 70 Coulomb 250 20 P ( )
E . Mohr- B D i 1
1 Beach Deposits . 110 Coulomb 0 30 each eposits 0.5 0.
- Beach . H H
] Depoits (Lid) B 110 Undrained| 75 FDepth 5 Beach Deposits (Liq) 0.5 0.1
b A Mohr- . .
o] Floodplain Fill | [ 110 o 0 33 Floodplain Fill 0.05 1
™
& | 100yr Design Flood Stage - Elev. 10.13]
1 ‘ Discharge (gpm) and vertical exit gradient measured within 5 feet of levee toe ‘ ‘
] Average Tidal WSE - Elev. 7.4
1 ‘ Representative Average Groundwater Level - Elev. 6.0 ‘ Low Tide WSE - Elev. 5-2‘
‘9; [ u u N N N BN B B B N | - I .
— L u N N N N N N BN ] L N N |
-_—
-_—
o
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del Seepage and Slope Stability Analysis
Setup MO e . Geotechnical Basis of Design Memo
Master Scenarlo Norwegian Point Park Levee
Hansville, Washington
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Maximum vertical hydraulic gradient = 0.04
Maxiumum discharge per 100 feet of levee = 9.9 gpm
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Average Tidal Conditions
Master Scenario

Seepage and Slope Stability Analysis

Geotechnical Basis of Design Memo
Norwegian Point Park Levee
Hansville, Washington

SLIDEINTERPRET 9.024

SCALE: 1:120

C:\Users\kspina\Desktop\Norwegian Pt Levee Seepage\Seepage and SSA
10.18.2023\Levee Waterward Failure.simd
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Maximum vertical hydraulic gradient = 0.121
Maxiumum discharge per 100 feet of levee = 30.3 gpm
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Master Scenario

Seepage and Slope Stability Analysis

Geotechnical Basis of Design Memo
Norwegian Point Park Levee
Hansville, Washington

SLIDEINTERPRET 9.024

SCALE: 1:120

C:\Users\kspina\Desktop\Norwegian Pt Levee Seepage\Seepage and SSA
10.18.2023\Levee Waterward Failure.simd
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Maximum vertical hydraulic gradient = 0.24

Maxiumum discharge per 100 feet of levee = 61.0 gpm
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Full Levee
Master Scenario

Seepage and Slope Stability Analysis

Geotechnical Basis of Design Memo
Norwegian Point Park Levee
Hansville, Washington

SCALE: 1:120

SLIDEINTERPRET 9.024

C:\Users\kspina\Desktop\Norwegian Pt Levee Seepage\Seepage and SSA
10.18.2023\Levee Waterward Failure.simd
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Static Norwegian Point Park Levee
Hansville, Washington

SCALE: 1:120 10/18/2023 o APPENDIX:
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Seepage and Slope Stability Analysis
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Seismic Norwegian Point Park Levee
Hansville, Washington
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Seepage and Slope Stability Analysis
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Residual Norwegian Point Park Levee

Hansville, Washington

SCALE: 1:120 10/18/2023 o APPENDIX:
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C:\Users\kspina\Desktop\Norwegian Pt Levee Seepage\Seepage and SSA PROJECT NO. REVIEWED BY: -
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REPORT LIMITATIONS AND GUIDELINES FOR USE
Geoscience is Not Exact

The geoscience practices (geotechnical engineering, geology, and environmental science) are far
less exact than other engineering and natural science disciplines. It is important to recognize this
limitation in evaluating the content of the report. If you are unclear how these "Report Limitations
and Guidelines for Use" apply to your project or property, you should contact Aspect Consulting
(Aspect).

This Report and Project-Specific Factors

Aspect’s services are designed to meet the specific needs of our clients. Aspect has performed the
services in general accordance with our agreement (the Agreement) with the Client (defined under
the Limitations section of this project’s work product). This report has been prepared for the
exclusive use of the Client. This report should not be applied for any purpose or project except the
purpose described in the Agreement.

Aspect considered many unique, project-specific factors when establishing the Scope of Work for
this project and report. You should not rely on this report if it was:

e Not prepared for you;
e Not prepared for the specific purpose identified in the Agreement;
e Not prepared for the specific subject property assessed; or

e Completed before important changes occurred concerning the subject property, project, or
governmental regulatory actions.

If changes are made to the project or subject property after the date of this report, Aspect should be
retained to assess the impact of the changes with respect to the conclusions contained in the report.

Reliance Conditions for Third Parties

This report was prepared for the exclusive use of the Client. No other party may rely on the product
of our services unless we agree in advance to such reliance in writing. This is to provide our firm
with reasonable protection against liability claims by third parties with whom there would
otherwise be no contractual limitations. Within the limitations of scope, schedule, and budget, our
services have been executed in accordance with our Agreement with the Client and recognized
geoscience practices in the same locality and involving similar conditions at the time this report
was prepared

Property Conditions Change Over Time

This report is based on conditions that existed at the time the study was performed. The findings
and conclusions of this report may be affected by the passage of time, by events such as a change in
property use or occupancy, or by natural events, such as floods, earthquakes, slope instability, or
groundwater fluctuations. If any of the described events may have occurred following the issuance



ASPECT CONSULTING

of the report, you should contact Aspect so that we may evaluate whether changed conditions affect
the continued reliability or applicability of our conclusions and recommendations.

Geotechnical, Geologic, and Environmental Reports Are Not
Interchangeable

The equipment, techniques, and personnel used to perform a geotechnical or geologic study differ
significantly from those used to perform an environmental study and vice versa. For that reason, a
geotechnical engineering or geologic report does not usually address any environmental findings,
conclusions, or recommendations (e.g., about the likelihood of encountering underground storage
tanks or regulated contaminants). Similarly, environmental reports are not used to address
geotechnical or geologic concerns regarding the subject property.

We appreciate the opportunity to perform these services. If you have any questions, please contact
the Aspect Project Manager for this project.
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MEMORANDUM

Date: November 29, 2023

To: Project File, 2303_2101

From: Greg Curtiss, PE, Blue Coast Engineering

Project: Norwegian Point Park Estuary Restoration Project

Subject:  Wave Run-up Update

INTRODUCTION

The purpose of this technical memorandum is to estimate the wave run-up and overtopping to
inform design of the levee, a component of the Norwegian Point Park Estuary Restoration Project.
Previously, Blue Coast initially completed a 1-D wind-wave hindcast for the site and a wave run-up
analysis for the existing condition (nearshore beach slope) which is documented in the 60% Basis of
Design (BOD) report (Blue Coast 2022). The wave run-up analysis has been updated to provide a
more detailed analysis of wave run-up and overtopping conditions on the proposed levee
embankment cross-section being designed by Aspect Consulting (Aspect). Recommendations for
levee crest elevation and armoring are provided as a result of the analysis.

BACKGROUND AND DESIGN CRITERIA

A levee embankment will be constructed around the perimeter of the proposed estuary restoration
area to prevent localized tidal flooding from the estuary onto the neighboring properties. The levee
design will use compacted levee select fill and the side slopes may be lightly vegetated with grasses
and occasional woody vegetation with stems less than 4" in diameter at maturity (Aspect 2019). The
side slopes of the levee shall be 2.5H:1V or flatter. Based on Aspect’s evaluation (Aspect 2022), the
levee can be constructed with soils excavated from within the proposed estuary area.

Design guidance used for coastal and hydraulic aspects of the levee design include the following:

e Design and Construction of Levees (USACE 2000);
e Hydrologic Analysis of Interior Areas (USACE 2018);
e EurOtop Manual on wave overtopping of sea defences and related structures (EurOtop 2018).

The hydraulic design criteria for the levee are provided below for coastal flooding and freshwater
flooding at the site.

e The coastal levee is not designed to protect public or private property adjacent to the project
site from coastal flooding (i.e., tides, storm surge and wave runup). The FEMA 100-year
floodplain for the project area and vicinity (FEMA FIRM #53035C0050F) shows coastal
flooding will occur over the entire project area and adjacent properties with and without the



project (see FEMA flood hazard map layer, Figure 1). Coastal flooding and the FEMA
designated extent of the coastal floodplain will not be impacted by the project.

e The levee and estuary were designed to prevent localized freshwater flooding from the
estuary on to neighboring properties.

o Water levels in the proposed estuary project will be dominated by the tidal water
levels. The 100-year return period freshwater flow rate in the estuary (Finn Creek)
does not affect the design levee height because coastal flooding dominates
freshwater flood elevations (Blue Coast 2022).

e Based on a review of existing information and hydrodynamic modeling results, the levee
elevation crown should be designed to 14 feet NAVD88.

o The crest elevation provides 3 feet minimum freeboard from coastal overtopping
during the highest astronomical tide conditions (10.1 feet NAVD88).

o The crest elevation provides 2 feet of minimum freeboard above the design coastal
flood elevation (11.8 feet NAVD88) (USACE 2005)

e The levee is designed for survivability against wave run-up and overtopping for a 50-year
return interval wave event combined with a design coastal flood elevation (11.8 feet
NAVD88).

o The allowable overtopping rate before concerns of breaching is 0.1 cfs/feet (10
I/s/meter) for grass covered earthen levees (USACE 2018; EurOtop 2018). This is the
design overtopping threshold used for this project.

The design of the levee is also limited by space constraints of the site which include the road and
parking along the western and southern perimeter, the park on the northwestern perimeter, and
private properties along the eastern perimeter.

WAVES AND WATER LEVELS

Table 1 summarizes tidal datums and potential extreme water level conditions which were previously
documented in the BOD report (Blue Coast 2022). In addition, SLR in the year 2080 (approximately 50
years in the future) is expected to raise Puget Sound water levels by 1.7 ft higher than current
conditions for the high emissions scenario (RCP 8.5) at Norwegian Point (Miller et al. 2018). The
FEMA 1% annual chance is also included in the table which is a total water level and already includes
wave run-up.

Norwegian Point Park Estuary Restoration Project BLUE COAST



Table 1. Tidal Datums and Extreme Water Levels with SLR

Existing Conditions — 2080 High SLR1 -
Tidal Elevation (ft, Elevation (ft,
Tidal Datum NAVDS88) NAVDS88)’
FEMA BFE (1% annual chance TWL) 13.0 14.7
FEMA 1% annual chance SWL? 123 14.0
December 2022 — Observed 11.8 13.5
Highest Astronomical Tide (HAT) 10.1 11.8
Mean Higher High Water (MHHW) 8.7 104
Mean Sea Level (MSL) 43 6.0
Mean Lower Low Water (MLLW) -1.8 -0.1

NAVD88 — North American Vertical Datum of 1988

FEMA — Federal Emergency Management Agency

Notes:

1. High SLR assumes the 50% percentile SLR increase (1.7 feet), added to the current elevation, for the RCP 8.5 scenario (Miller et al.
2018).

2. Table 17 from Kitsap County FIS provided in an email to Kyle List (Blue Coast) by FEMA Region 10 RSC Lead on October 9, 2023.

Design wave parameters, significant wave height (Hs) and peak wave period (Tp), are provided in
Table 2. The wave parameters were estimated using a 1-D wind-wave hindcast, following the United
States Army Corps of Engineers (USACE) methodology (Leenknecht et al. 1992). Wind-waves from
the north (the direction of the longest fetch) were determined to be the largest waves at the site
based on the analysis documented in the preliminary design report. These values are revised from
the preliminary design report and assume the following:

¢ Northerly fetch of 13.8 miles at 330°

e 3-hour storm duration.

e A deep water restricted fetch (which accounts for the geometry of the basin). Radial fetch
lengths between 300° and 10° (in clockwise direction) were used in 10° increments.

¢ Anemometer height above sea level: 32 feet (height of Point No Point anemometer) and 56
feet (height of Whidbey NAS anemometer). The hindcast corrects for the difference in
measurement heights.

Norwegian Point Park Estuary Restoration Project BLUE COAST



Table 2. Design wind speeds at the Whidbey NAS and Point No Point meteorological stations
for northerly wind directions and associated wind-wave hindcast estimates for Point No Point.

Return Period Northerly wind directions (300° to 40°)
(years)
Wind Speed (mph) Significant wave Peak wave period (seconds)
height (ft)

Typical 10 0.5 1.6

1 34 3.1 3.6

50 50 5.0 45

100 51 5.1 4.5

Notes:

N/A: not applicable;
1: Prevailing wind speed from the northerly sector which occurs approximately 15% of the time based on analysis of the Point No
Point meteorological station data record (Blue Coast 2023b)

WAVE RUN-UP AND TOTAL WATER LEVEL SCENARIOS

This section provides a summary of the wave run-up analysis completed for three points (Sections A,
B, and C) where wave energy is a potential concern along the levee alignment (Figure 2).
Recommendations for levee armoring are provided as a result of the analysis.

Section A:
e Description: Slope at the termination of levee alignment, facing the beach (Figure 3).
e Summary of run-up and overtopping:

o Wave run-up and overtopping on the levee are minimal for the design still water
level plus typical wind-wave case (Scenario 1).

o Wave run-up and overtopping on the levee are severe and require mitigation for the
design still water level plus extreme wind-wave cases (Scenarios 2 and 3).

o A gentler design slope (similar to the existing beach slope) would reduce the wave
run-up and overtopping on the levee such that it is below the design overtopping
threshold for all of the wind-wave cases (Scenario 4-6).

e Design recommendations:

o Terminate the levee landward of the termination shown in the 60% design to move it
landward of expected impacts from wave run-up. The toe of the levee slope should
be at 12 feet NAVD88 on the landward side of the beach berm. This applies to the
north and south ends of the levee.

Norwegian Point Park Estuary Restoration Project BLUE COAST



Table 3. Wave run-up and overtopping for levee embankment, Section A.
Overtopping
discharge

q
(I/s/m)

Wind-wave Total water
run-up Ray level (feet
(feet) NAVDS88)

Scenario Stillwater level, tide
and and storm surge

(feet NAVD88)

Wave Condition

Description

) 11.8 Hs = 0.5 feet, T, = 1.6 1.3 13.1 <0.1
2.5:1 slope (observed, seconds
embankment 12/27/2022) Typical condition
() 11.8 Hs = 3.1 feet, T, = 3.6 7.2 19.0 37
2.5:1 slope (observed, seconds
embankment 12/27/2022) 1-year
(3) 11.8 Hs = 5.0 feet, T, = 4.5 13.1 24.9 187
2.5:1 slope (observed, seconds
embankment 12/27/2022) 50-year
4) 11.8 Hs = 0.5 feet, T, = 1.6 04 12.2 <0.1
8.9:1 beach (observed, seconds
slope 12/27/2022) Typical condition
(5) 11.8 Hs = 3.1 feet, T, = 3.6 2.0 13.8 <0.1
8.9:1 beach (observed, seconds
slope 12/27/2022) 1-year
(6) 11.8 Hs = 5.0 feet, T, = 4.5 3.2 15.0 2.6
8.9:1 beach (observed, seconds
slope 12/27/2022) 50-year

Notes: N/A: not applicable;

Section B:

e Description: Slope on the south side of the channel entrance (Figure 4). Wide bench at 12

feet NAVD88 between channel and levee slope.
e Summary of run-up and overtopping:

o Wave run-up and overtopping on the levee are non-existent for the design still water
level due to waves breaking on the bench (Scenarios 1-3).

o Wave overtopping is minimal (less than the design threshold) for the typical wave
condition with SLR scenario (Scenario 4). Although waves are depth-limited across
the bench for the 1-year and 50-year scenario with SLR (Scenarios 5 and 6), wave
run-up and overtopping are significant (greater than the design threshold).

e Design recommendations:

o No action along the north and south side of the levee where the bench at 12 feet
NAVD88 is located.
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Table 4. Wave run-up and overtopping for levee embankment, Section B.

Sea level rise may require adaptive management along this portion of the levee

alignment and may include armoring of the levee slope or raising of the levee crest

elevation.

Total

Overtopping

Scenario & Stillwater level, tide ” Wind-wave water discharge
Bt and storm surge(feet Wave Condition run-up Ray level 5
NAVDS88) (feet) (feet
NAvDgg)  (I/s/m)
(1M 11.8 Hs = 0.5 feet, T, = 1.6 No runup on N/A 0
2.5:1 slope (observed, seconds levee
embankment 12/27/2022) Typical condition embankment
(2) 11.8 Hs = 3.1 feet, T, = 3.6 No runup on N/A 0
2.5:1 slope (observed, seconds levee
embankment 12/27/2022) 1-year embankment
(3) 11.8 Hs = 5.0 feet, T, = 4.5 No runup on N/A 0
2.5:1 slope (observed, seconds levee
embankment 12/27/2022) 50-year embankment
(4) 13.5 (observed + 2080 Hs = 0.5 feet, T, = 1.6 1.3 14.8 2
2.5:1 slope SLR) seconds
embankment Typical condition
(5) 13.5 (observed + 2080 Hs = 1.2 feet’, T, = 3.6 38 17.3 423
2.5:1 slope SLR) seconds
embankment 1-year
(6) 13.5 (observed + 2080 Hs = 1.2 feet!, T, = 4.5 39 174 42.3
2.5:1 slope SLR) seconds
embankment 50-year

Notes: N/A: not applicable;
1: Assumes depth-limited wave height (0.78*water depth)

Section C:

e Levee along western slope of channel at pinch point turn and facing northeast towards the

channel entrance (Figure 5).

e Calculation assumptions:

The location of the levee slope is more than 250 feet inland of the channel entrance

and where the 1-D wind-wave hindcast is estimated. No adjustment has been made

for the wind-wave parameters for refraction or diffraction within the channel entrance

or surface roughness within the channel. To avoid being overly conservative, a wave

angle correction factor (45°) is applied to the run-up and overtopping calculation. In
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addition, the average depth across the channel was calculated and used to estimate
the depth-limited wave height at the toe of the levee slope. The average depth at the
design still water elevation is 3.3 feet.

e Summary of run-up and overtopping:

o Wave run-up and overtopping on the levee are minimal for the design still water
level and typical wind-wave case (Scenario 1).

o Wave run-up and overtopping on the levee are severe and require mitigation for the
design still water level and extreme wind wave case (Scenario 3).

o Armoring the slope with rock (2-layers) reduces the overtopping in all cases
(Scenarios 4-6) to below the design overtopping threshold (<10 I/s/m) and wave run-
up is reduced to below the 14 foot crest elevation.

e Potential design recommendations:

o Armor the levee slope with 2 layers of appropriately size armor rock and filter layer to
protect the levee slope.

Norwegian Point Park Estuary Restoration Project BLUE COAST



Table 5. Wave run-up and overtopping for levee embankment, Section C.

Scenario &

Description

Stillwater level, tide
and storm surge(feet

NAVD88)

Wave Condition

Wind-wave
run-up Ray
(feet)

Total
water
level
(feet
NAVD88)

Overtopping
discharge
q
(I/s/m)

) 11.8 Hs = 0.5 feet, T, = 1.6 0.5 123 <0.1
2.5:1 slope (observed, seconds
embankment 12/27/2022) Typical condition
() 11.8 Hs = 2.6 feet!, T, = 3.6 2.5 143 5
2.5:1 slope (observed, seconds
embankment 12/27/2022) 1-year
(3) 11.8 Hs = 2.6 feet!, T, = 4.5 3.2 15.0 14.2
2.5:1 slope (observed, seconds
embankment 12/27/2022) 50-year
4) 11.8 Hs = 0.5 feet, T, = 1.6 0.3 12.1 <0.1
2.5:1 slope, (observed, seconds
2-layer rock 12/27/2022) Typical condition
armor
(5) 2.5:1 11.8 Hs = 2.6 feet!, T, = 3.6 17 13.2 0.1
slope, 2- (observed, seconds
layer rock 12/27/2022) 1-year
armor
(6) 2.5:1 11.8 Hs = 2.6 feet!, T, = 4.5 1.5 13.5 0.9
slope, 2- (observed, seconds
layer rock 12/27/2022)
armor

Notes: N/A: not applicable;
1: Assumes depth-limited wave height (0.78*water depth)

ARMOR ROCK STABILITY

An assessment of rock armor stability was completed to calculate the stable rock size under the

design wind-wave conditions that would be required for rock armoring of the levee at Section C. The

assessment was completed using the formula for 2-layer riprap armor stability on a rubble mound

revetment for irregular waves used by the United States Army Corps of Engineers (USACE) ACES

software (Leenknecht et al. 1992). Assumptions used in the calculation include the following and are

included on calculation sheets as Attachment A:

e Permeability coefficient (P): 0.1 (impermeable core)

e Damage level (S): 2 (initial damage’)

" Defined as start of damage under the design event but no failure of the structure
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e Structure slope (cotd): 2.5:1 (horizontal : vertical)

The waves at the toe of the levee were assumed to be depth-limited after passing through the
channel entrance. An average elevation of the proposed channel cross-section at the entrance was
calculated to be 8.5 feet NAVD88. At the design water surface elevation of 11.8 feet, the average
depth is 3.3 feet which results in a depth-limited wave height of 2.6 feet (0.78 * water depth).

The resulting stable median diameter (Dso) rock size is 1.0 feet (median weight = 175 Ib) with an
armor layer thickness of 2.0 feet (Table 6). The recommended filter layer is 0.5 feet thick with a
median rock diameter of 1.5” (0.13 feet). No geotextile fabric layer is recommended based on the
coastal engineering design criteria for the slope protection, however, it is recommended that an
evaluation be completed to assess the need for a geotextile based on geotechnical criteria. The
WSDOT specification for Class A Rock for Erosion and Scour Protection, 9-13.4(2) appear to meet the
gradation requirements for rock stability for the design wave scenario. The backside (landward side)
of the levee slope should be lined with quarry spalls to prevent against erosion from overtopping
waves.

Table 2. Summary of armor rock calculations (wave stability).

Wave Parameters Armor Layer Filter Layer
Median Mid'a Median
2-L
Design Hs T . Stone Wi5  Stone - b S tone %ayer
¥ Diameter,Ds . Thickness Diameter | Thickness
Wave feet seconds Ib Weigh f D feet
’ t, Wso est *0
feet feet
50-year, 2.6 4.5 1.0 ft (12") 75 175 350 2.0 ft 0.13 0.5-
depth quarry
limited spalls
wave
height
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CLOSURE

This document has been prepared by Blue Coast Engineering LLC in accordance with generally
accepted scientific practices and is intended for the exclusive use and benefit of Wild Fish
Conservancy and their authorized representatives for specific application to the Norwegian Point
Park Estuary Restoration Project in Hansville, Washington. The contents of this document are not to
be relied upon or used, in whole or in part, by or for the benefit of others without specific written
authorization from Blue Coast Engineering LLC. No other warranty, expressed or implied, is made.
Blue Coast Engineering LLC. and its officers, directors, employees, and agents assume no
responsibility for the reliance upon this document or any of its contents by any parties other than
Wild Fish Conservancy.
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Figure 1. FEMA flood hazard map layer for the Norwegian Point Park vicinity.

Norwegian Point Park Estuary Restoration Project BLUE COAST



ADMIRALTY INLET

" mouTH —=¢”
© .~ ESTUARY .-
- CHANNEL

TRANSITIONAL

ESTUARY
CHANNEL

I, I

Ced g
o i /I ’ Feet .Ji_‘_\l,”‘/;& ’ ,,,,t

Figure 2. Site map overview of areas of wave run-up and overtopping analysis

FEMABFE 12/27/22
14' CREST T EL1S.0FT EL. 11.8 FT
F & < 178 F %
z8 15 T - —15  F{m
=0 . i 25 = AvA € - m
ZE s + o g2
0 - I ] I 0
0+00 0+25 0+50 0+75
Figure 3. Section A (termination of levee).

Norwegian Point Park Estuary Restoration Project BLUE COAST



FEMA BFE 12/27/22

/14 CREST SIS OET EL18FT |
i 12 BENCH T
zZ8 1 ,/ P ] \Qz i—ff—«s
[a] == = e ——————————— - = A4
3 i ~ ‘ i B R 2
o e £
0 E = | | | + 0
0+00 0+25 D+I5l) [}+|75 1+00 1+55 1450
Figure 4. Section B (inside of levee channel entrance).
FEMA BFE 12/27/22
EL. 13.0FT EL.11.8FT |\
0—r 14' CREST 12" BENCH 20
R S E— ik | N
éé 10—22'—' e -__._____.__.__..__._._.__._______,,, u d— —t— =~
3 = S I I R R — I -
T
O T =
oF s | | P
0+00 0+25 0+50 0+75 HE‘J I+L5 1+50 1475 1482

Figure 5. Section C (western slope of channel at pinch point turn).

(98QAWN L4)
NOIWLYASTS

(B8aAWN L)

NOUYAST3

Norwegian Point Park Estuary Restoration Project BLUE C
FN G E



Calculation Sheet

Designer: _ GC Date: 10-30-23

Project: 2303-2101 Finn Creek Final Design

Subject: Armor Rock Sizing

Calc #:

Checked by: Checked date:

Riprap armor stability formula for irregular wave conditions from USACE ACES software

Reference:

Leenknecht, D.A,, Szuwalski, A. and Sherlock, A.R. 1992. "Automated Coastal Engineering
System (ACES): Technical Reference," U.S. Army Corps of Engineers, Coastal Engineering
Research Center, Waterways Experiment Station, CPD-66, Vicksburg, MS. Volume II.

where:

W, = median weight of armor stone
w, = unit weight of armor stone
HS
T, =significant wave period
N, = stability number

w,, =unit weight of water

S =damage level
P=permeability coefficient
cotd  =structure slope

¢ =surf similarity parameter
N= number of wave events

= significant wave height

INPUTS:
H,:=2.583 ft H,=0.79 m
T,:=4.5 pP=.1 S:=2
w,=1024 79 4 —63.9 2
w,=2643 9 4 =165 20
N:=1135
9=9.807 =

S

CERC stability number

1
1—;1% . (cot@) 6-1.33

szero

(73]

1
=16.2.P%3oq[—
Catp ( V cot@)

=2.967

lv/ 50 = W,

_ H 3
N ( -] ] J
where

I 5o = median weight of the armor stone
w, = unit weight of the armor stone
I, = significant wave height
N, = stability number
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2 CERTIFICATION
ENGINEER’S DECLARATION

I, David P. Galbraith, a Professional Engineer registered in the State of Washington as a Civil Engineer, do
hereby declare that the Storm Water Design Report titled “Storm Water Management Report — Finn Creek
Restoration”, dated January 29, 2024, was prepared by me, or under my personal supervision, and that
said Report was prepared in accordance with generally accepted engineering practices.

Respectfully,

07-29-202%

David P. Galbraith, P.E.
Registration No. 44679

Pacific Surveying & Engineering
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3 INTRODUCTION

3.1 PURPOSE AND OBJECTIVES

This stormwater management report has been prepared on behalf of Blue Coast Engineering for the Finn
Creek Restoration Project. The proposed project will be constructed on an approximate 7-acre parcel of
land and within Kitsap County road right of ways in Hansville, Washington. The project site is at Norwegian
Point Park, which abuts the east side of Hansville Road NE and extends north approximately 900 LF from
NE Point No Point Road to NE Twin Spits Road.

The proposed project includes restoration of the natural habitat on the site, constructing an approximate
2,165 LF berm, and impervious parking areas. As a result of the restoration improvements and levee
construction, a private driveway at the east end of NE Point No Point Road will be relocated to maintain
access to the four neighboring properties northeast of the project site.

The purpose of this report is to evaluate the effects upon the surrounding environment due to subsequent
changes to the existing storm water runoff patterns, detail the methods and assumptions used for this
evaluation, and present mitigation design recommendations. Proposed mitigation measures include
implementation of best management practices (BMP's) designed to assure that post-development storm
water quality is not degraded, and that runoff discharge flowrate limits are not exceeded.

This report functions as a combined ‘Storm Water Management Plan’ and ‘Storm Water Pollution
Prevention Plan’ (SWPPP). The Storm Water Management Plan summarizes how the project will comply
with the minimum requirements outlined in the Kitsap County Code (KCC) and applicable sections of the
2021 Kitsap County Stormwater Design Manual (KCSDM) and Washington State Department of Ecology
“Stormwater Management Manual for Western Washington”, July 2019 publication (hereinafter referred to
as the DOE Manual). A SWPPP has been developed within this report to detail temporary erosion control
and stormwater pollution prevention requirements during construction.

3.2 PROJECT BACKGROUND

General information for this project is as follows:
PROJECT NAME: Finn Creek Restoration
LOCATION: Norwegian Point Park

39118 Hansville Rd NE
Hansville, WA 98340

PROJECT The project proposes construction of a levee, gravel parking and
SUMMARY: driveway improvements.
CLIENT & Jennifer Allen
CONTACT: Blue Coast Engineering
1504 24t St

Bellingham, WA 98225
Ph: (425) 218-4503

ENGINEER & David Galbraith, P.E.
CONTACT: Pacific Surveying & Engineering
909 Squalicum Way, Suite 111
Bellingham, WA. 98225
Ph: (360) 671-7387


tel:4252184503
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3.3 METHOD OF APPROACH

The analyses utilized to create this report are based on computer aided modeling of rainfall runoff.
Specifically, the continuous modeling software program “Western Washington Hydrology Model 2012”
(WWHM), developed by Clear Creek Solutions. WWHM uses actual hourly historic rainfall data collected
over an approximate 50-year period from long-term rain gages in the western Washington counties to
simulate runoff based on soil and land use conditions. Precipitation to each site is scaled using rainfall map
data provided by NOAA. From the site-specific data input, WWHM calculates flow frequencies and
durations for the pre-developed and the post-developed mitigated site. This runoff data is summarized in a
statistical report. The most current version of WWHM (4.2.17 released 2019/9/13) has been used for this
report.

The above referenced analysis and design criteria meets or exceeds standards set forth under the KCSDM
and is in accordance with generally accepted engineering practices.
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4 EXISTING CONDITIONS

4.1 LAND USE & ZONING

The proposed project will be constructed on a 7.03-acre parcel of land located east of Hansville Road NE
and north of NE Point No Point Road in Hansville, WA. The attached Existing Conditions plan sheets within
the design drawings found in Appendix 8.4 detail the existing surfacing and property boundaries for the
project site. The parcels that are included in the site are zoned as P- Park. A Vicinity Map showing the
project location is included in Appendix 8.1.

4.2 EXISTING SOILS CONDITIONS

Aspect Consulting prepared a Preliminary Geotechnical Engineering Report for the site dated July 15,
2019. Evaluation of the site included 11 test pits excavated to depths ranging between 6 feet and 10 feet
below present grades. The soils found in the test pits are described as fill, older topsoil horizon, wetland
deposits, and beach deposits. The report lists infiltration rates for multiple soil types found at the site, for
purposes of this design work a value of 1.42 in/hr is being used. Detailed findings of the soil analysis are
described in the geotechnical report provided in Appendix 8.3.

4.3 TOPOGRAPHY & DRAINAGE

The project site is relatively flat with elevation ranges between 9 and 12 feet and slopes between 0% and
5%. A gravel parking lot exists on the site. The remainder of the site consists mostly of vegetation
including grass, weeds and trees. A 2-foot-tall, 290-foot-long berm sits east of the west property line.

A ditch begins at the southwest corner of the site, at the intersection of Hansville Road NE and NE Point
No Point Road, and runs approximately 800 feet along the west property line. A 36-inch CMP culvert
collects water from Finn Creek and enters the ditch. From there, the creek water is routed approximately
815 feet north to a 30-inch concrete culvert near the Norwegian Point Park entrance and then diverted
northeast approximately 300 feet where it is dispersed into Puget Sound.

Another ditch exists along the east property line. Offsite stormwater enters the ditch via an 18-inch
concrete culvert, a 6-inch PVC culvert and a 4-inch PVC culvert. The stormwater is carried along the ditch
approximately 285 feet, where it enters an 18-inch CMP culvert and discharges into Puget Sound.
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5 STORM WATER SYSTEM EVALUATION

5.1 SITE IMPROVEMENTS

The proposed project includes restoration of the natural habitat on the site, constructing an approximate
2,165 LF berm, off-site parking, and adjacent on-street parking. As a result of the restoration improvements
and levee construction, a private driveway at the east end of NE Point No Point Road will be relocated to
maintain access to the four neighboring properties northeast of the project site.
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6 MINIMUM STORMWATER MANAGEMENT REQUIREMENTS

Storm water management for the site is designed in accordance with Kitsap County Code (KCC) Title 12
Stormwater Drainage and the 2021 Kitsap County Stormwater Design Manual (KCSDM). When evaluating
the project using Figure 1-4.1. Flow Chart for Determining Minimum Requirements for New Development
Projects from the KCSDM, the project proposes to add 12,542 square feet of new hard surface and does
not add more to the existing hard surface within the site. Therefore, all Minimum Requirements #1 through
#9 apply to the project:

Minimum Requirement #1: Preparation of Stormwater Site Plan

Minimum Requirement #2: Construction SWPPP

Minimum Requirement #3: Source Control of Pollution

Minimum Requirement #4: Preservation of Natural Drainage Systems and Outfalls
Minimum Requirement #5: On-Site Stormwater Management

Minimum Requirement #6: Runoff Treatment

Minimum Requirement #7: Flow Control

Minimum Requirement #8: Wetlands Protection

Minimum Requirement #9: Operations and Maintenance

Each of the above Minimum Requirements for the project are addressed in the following sections.

6.1 REQUIREMENT #1 - PREPARE STORM WATER SITE PLANS

We have completed the requirements of a storm water site plan per the DOE Manual and the required steps
have been performed as follows:

6.1.1 COLLECT AND ANALYZE EXISTING CONDITIONS INFORMATION

Site visits were performed to determine the existing on-site and off-site drainage conditions. Downstream
conveyance was investigated utilizing field surveyed topographic maps as well as site visit observations
and aerial imagery. See Section 4 above for a detailed description of existing site conditions.

6.1.2 PREPARE PRELIMINARY DEVELOPMENT LAYOUT

A site development plan has been prepared which shows the proposed access, grading and drainage
improvements. See Appendix 8.4, Project Drawings.

6.1.3 PERFORM OFF-SITE ANALYSIS

A qualitative off-site analysis has been completed in accordance with the DOE Manual supplemental
guidelines for Off-site Analysis and Mitigation, Section 1-3.5.3, Volume |. See Section 4 above.

6.1.4 DETERMINE APPLICABLE MINIMUM REQUIREMENTS

In accordance with Figure 1-4.2. Flow Chart for Determining Minimum Requirements for New Development
Projects from the KCSDM, Minimum Requirements #1 through #9 apply to this project:

* MR #1 Preparation of Stormwater Site Plans

*+ MR #2 Construction SWPPP

* MR #3 Construction Stormwater Pollution Prevention Plan
* MR #4 Preserve Natural Drainage

MR #5 On-site Stormwater Management

*+ MR #6 Runoff Treatment

MR #7 Flow Control

+ MR #8 Wetlands Protection

+ MR#9 O&M
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6.1.5 PREPARE A PERMANENT STORM WATER CONTROL PLAN

A permanent storm water control plan has been developed and presented herein, in accordance with the
guidelines outlined in Section 111-3.2, Step 5, Volume | of the DOE Manual.

6.1.5 (1)EXISTING SITE HYDROLOGY

Existing conditions are explained in detail in Section 4.

6.1.5 (2)DEVELOPED SITE HYDROLOGY
The proposed site development is discussed in detail in Section 5, and illustrated via Project
Drawings in Appendix 8.4.

6.1.5 (3)PERFORMANCE STANDARDS AND GOALS
Th project will meet all applicable minimum stormwater requirements as defined in the BMC and
DOE Manual.

6.1.5 (4)FLOW CONTROL SYSTEM
Flow control is required for the project. Flow control requirements will be met by fully infiltrating the
stormwater onsite.

6.1.5 (5)WATER QUALITY SYSTEM
Water quality will be provided to pollution generating hard surfaces using Compost amended

Vegetated Filter Strips adjacent to the pollution generating hard surfaces.

6.1.5 (6) CONVEYANCE SYSTEM ANALYSIS AND DESIGN

For reference, see the Project Drawings in Appendix 8.4. WWHM models can be found in Appendix
8.5.

6.1.6 PREPARE A CONSTRUCTION STORM WATER POLLUTION PREVENTION PLAN
Construction Storm Water Pollution Prevention Plan (SWPPP), and temporary erosion and sediment
controls will be implemented during the construction of the project. See Section 6.2 for more details.

6.1.7 COMPLETE THE STORM WATER SITE PLAN
The Storm Water Site Plan has been prepared in accordance with BMC 15.42 and the DOE Manual.

6.1.8 CHECK COMPLIANCE WITH ALL APPLICABLE MINIMUM REQUIREMENTS

The storm water management facilities proposed for this project comply with all applicable requirements of
KCC and the DOE Manual.

6.2 REQUIREMENT #2 - CONSTRUCTION STORM WATER
POLLUTION PREVENTION PLAN (SWPPP)

A Storm Water Pollution Prevention Plan (SWPPP) has been developed and consists of two parts: a
narrative, and a set of site plan drawings. The narrative consists of the thirteen SWPPP elements per the
DOE Manual. Temporary Erosion and Sediment Control Plans are included in the project drawings found
in Appendix 8.4 and depict BMP location and type.
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6.2.1 ELEMENT 1 - PRESERVE VEGETATION/MARK CLEARING LIMITS

Prior to beginning land-disturbing activities, including clearing and grading, all clearing limits, sensitive
areas and their buffers, and trees that are to be preserved within the construction area should be clearly
marked, both in the field and on the plans, to prevent damage and off-site impacts. Plastic, metal, or stake
wire fence may be used to mark the clearing limits. Retain the duff layer, native top soil, and natural
vegetation in an undisturbed state to the maximum degree practicable.

Required BMP’s include: C101 Preserving Natural Vegetation, C102 Buffer Zones, and C103 High Visibility
Fence.

6.2.2 ELEMENT 2 - ESTABLISH CONSTRUCTION ACCESS

(A) The contractor shall limit the amount of construction access to the site. It is understood multiple access
points may be required due to the nature of the project.

(B) Access points shall be stabilized with quarry spall or crushed rock to minimize the tracking of sediment
onto public roads.

(C) Wheel wash or tire baths should be located on site if applicable.

(D) Public roads shall at a minimum be cleaned thoroughly at the end of each day. Sediment shall be
removed from roads by shoveling or pickup sweeping and shall be transported to a controlled sediment
disposal area. Street washing will be allowed only after sediment is removed in this manner.

(E) Street wash wastewater shall be controlled by pumping back on site, or otherwise be prevented from
discharging into systems tributary to state surface waters.

(F) Control street wash wastewater by pumping back on site, or otherwise prevent it from discharging into
systems tributary to waters of the state.

Required BMP’s include: C105 Stabilized Construction Entrance.

6.2.3 ELEMENT 3 - CONTROL FLOW RATES.

Construction activities will not significantly increase the surface water runoff flow rates. During construction,
stormwater runoff will be dispersed into natural undeveloped lands.

6.2.4 ELEMENT 4 - INSTALL SEDIMENT CONTROLS.

(A) The duff layer, native topsoil, and natural vegetation shall be retained in an undisturbed state to the
maximum extent practicable.

(B) Prior to leaving a construction site, or prior to discharge to detention facility, stormwater runoff from
disturbed areas shall pass through a sediment pond or other appropriate sediment removal BMP that is
shown in the temporary erosion and sedimentation control plan. Runoff from fully stabilized areas may be
discharged without a sediment removal BMP, but must meet the flow control performance standard of
element 3 above. Full stabilization means concrete or asphalt paving; quarry spalls used as ditch lining;
or the use of rolled erosion products, a bonded fiber matrix product, or vegetative cover in a manner that
will fully prevent soil erosion. Sediment ponds, vegetated buffer strips, sediment barriers or filters, dikes,
and other BMP’s intended to trap sediment on-site shall be constructed as one of the first steps in
grading. These BMP’s shall be functional before other land disturbing activities take place.

(C) Earthen structures such as dams, dikes, and diversions shall be seeded and mulched according to
the timing indicated in Element No. 5 below.

6.2.5 ELEMENT 5 - STABILIZE SOILS.

(A) All exposed and unworked soils shall be stabilized by application of effective BMPs that protect the soil
from the erosive forces of raindrop impact and flowing water, and wind erosion.
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(B) From October 1 through April 30 of each year, no soils shall remain exposed and unworked for more
than 2 days. From May 1 to September 30 of each year, no soils shall remain exposed and unworked for
more than 7 days. This condition applies to all soils on site, whether at final grade or not.

(C) Applicable practices include, but are not limited to, temporary and permanent seeding, sodding,
mulching, plastic covering, soil application of polyacrylamide (pam), early application of gravel base on
areas to be paved, and dust control.

(D) Soil stabilization measures selected should be appropriate for the time of year, site conditions,
estimated duration of use, and potential water quality impacts that stabilization agents may have on
downstream waters or ground water.

(E) Soil stockpiles must be stabilized and protected with sediment trapping measures.

(F) Work on linear construction sites and activities, including right-of-way and easement clearing, roadway
development, pipelines, and trenching for utilities, shall not exceed the capability of the individual contractor
for his portion of the project to install the bedding materials, roadbeds, structures, pipelines, and/or utilities,
and to re-stabilize the disturbed soils, meeting the timing conditions listed above.

(G) In addition, at the discretion of the public works director those sites unable to maintain the quality of
their stormwater discharge may be required to provide soil stabilization to all exposed soil areas regardless
of the working status of the area. Upon written notification, the property owner shall provide full stabilization
of all exposed soil areas within 24 hours.

Required BMP’s include: C120 Temporary and Permanent Seeding, C125 Topsoiling / Composting, and
C140 Dust Control.

6.2.6 ELEMENT 6 - PROTECT SLOPES

(A) Cut and fill slopes shall be designed and constructed in a manner that will minimize erosion. Applicable
practices include, but are not limited to, reducing continuous length of slope with terracing and diversions,
reducing slope steepness, and roughening slope surfaces (for example, track walking).

(B) Consider soil type and its potential for erosion.

(C) Reduce slope runoff velocities by reducing the continuous length of slope with terracing and diversions,
reduce slope steepness, and roughen slope surface.

(D) Divert upslope drainage and run-on waters from off site with interceptors at top of slope. Off-site
stormwater should be handled separately from stormwater generated on the site. Diversion of off-site
stormwater around the site may be a viable option. Diverted flows shall be redirected to the natural drainage
location at or before the property boundary.

(E) Contain down slope collected flows in pipes, slope drains, or protected channels to prevent erosion.
Temporary pipe slope drains must handle the peak volumetric flow rate calculated using a 10-minute time
step from a Type 1A, 10-year, 24-hour frequency storm for the developed condition. Alternatively, the 10-
year one-hour flow rate predicted by an approved continuous runoff model, increased by a factor of 1.6,
may be used. The hydrologic analysis must use the existing land cover condition for predicting flow rates
from tributary areas outside the project limits. For tributary areas on the project site, the analysis must use
the temporary or permanent project land cover condition, whichever will produce the highest flow rates. If
using the Western Washington Hydrology Model to predict flows, bare soil areas should be modeled as
‘landscaped area.”

(F) Provide drainage to remove ground water intersecting the slope surface of exposed soil areas.

(G) Excavated material shall be placed on the uphill side of trenches, consistent with safety and space
considerations.

(H) Check dams shall be placed at regular intervals within trenches that are cut down a slope.



Finn Creek Restoration Page 12

Stormwater Management Report January 29, 2024

() Stabilize soils on slopes, as specified in Element No. 5.

Required BMP’s include: C120 Temporary and Permanent Seeding, C207 Check Dams, and C208
Triangular Silt Dike.

6.2.7 ELEMENT 7 - PROTECT DRAIN INLETS.

(A) All storm drain inlets made operable during construction shall be protected so that stormwater runoff
shall not enter the conveyance system without first being filtered or treated to remove sediment.

(B) All approach roads shall be kept clean, and all sediment and street wash water shall not be allowed to
enter storm drains without prior and adequate treatment unless treatment is provided before the storm drain
discharges to waters of the state.

Required BMP’s include: C220 Inlet Protection.

6.2.8 ELEMENT 8 - STABILIZE CHANNELS AND OUTLETS

(A) All temporary on-site conveyance channels shall be designed, constructed and stabilized to prevent
erosion from expected peak flows. Channels must handle the peak volumetric flow rate calculated using a
10-minute time step from a Type 1A, 10-year, 24-hour frequency storm for the developed condition.
Alternatively, the 10-year, one-hour flow rate indicated by an approved continuous runoff model, increased
by a factor of 1.6, may be used. The hydrologic analysis must use the existing land cover condition for
predicting flow rates from tributary areas outside the project limits. For tributary areas on the project site,
the analysis shall use the temporary or permanent project land cover condition, whichever will produce the
highest flow rates. If using the Western Washington Hydrology Model to predict flows, bare soil areas should
be modeled as “landscaped area.”

(B) Stabilization, including armoring material, adequate to prevent erosion of outlets, adjacent stream
banks, slopes and downstream reaches shall be provided at the outlets of all conveyance systems.

Required BMP’s include: C207 Check Dams and C209 Outlet Protection.

6.2.9 ELEMENT 9 - CONTROL POLLUTANTS

(A) Design, install, implement and maintain effective pollution prevention measures to minimize the
discharge of pollutants.

(B) All pollutants, including waste materials and demolition debris, that occur on site during construction
shall be handled and disposed of in a manner that does not cause contamination of stormwater.

(C) Cover, containment, and protection from vandalism shall be provided for all chemicals, liquid products,
petroleum products, and noninert wastes present on the site (see Chapter 173-304 WAC, as currently
enacted or hereafter modified, for the definition of inert waste, which is incorporated herein by this
reference).

(D) Maintenance and repair of heavy equipment and vehicles involving oil changes, hydraulic system drain
down, solvent and de-greasing cleaning operations, fuel tank drain down and removal, and other activities
which may result in discharge or spillage of pollutants to the ground or into stormwater runoff must be
conducted using spill prevention measures, such as drip pans. Contaminated surfaces shall be cleaned
immediately following any discharge or spill incident. Emergency repairs may be performed on site using
temporary plastic placed beneath and, if raining, over the vehicle.

(E) Wheel wash, or tire bath wastewater, shall be discharged to a separate on-site treatment system or to
the sanitary sewer.

(F) Application of agricultural chemicals, including fertilizers and pesticides, shall be conducted in a manner
and at application rates that will not result in loss of chemical to stormwater runoff. Manufacturers’
recommendations shall be followed for application rates and procedures.

(G) Management of pH-modifying sources shall prevent contamination of runoff and stormwater collected
on the site. These sources include, but are not limited to, bulk cement, cement kiln dust, fly ash, new
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concrete washing and curing waters, waste streams generated from concrete grinding and sawing, exposed
aggregate processes, and concrete pumping and mixer washout waters.

(H) Adjust the pH of stormwater if necessary to prevent violations of water quality standards.

(I) Assure that washout of concrete trucks is performed off site or in designated concrete washout areas
only. Do not wash out concrete trucks onto the ground, or into storm drains, open ditches, streets, or
streams. Do not dump excess concrete on site, except in designated concrete washout areas. Concrete
spillage or concrete discharge to surface waters of the state is prohibited.

(J) Obtain written approval from Ecology before using chemical treatment other than CO2 or dry ice to
adjust pH.

Required BMP’s include: C151 Concrete Handling, C152 Sawcutting and Surfacing Pollution Prevention

6.2.10 ELEMENT 10 - CONTROL DEWATERING

(A) All foundation, vault, and trench dewatering water, which have similar characteristics to stormwater
runoff at the site, shall be discharged into a controlled conveyance system, prior to discharge to a sediment
trap or sediment pond. Channels must be stabilized, as specified in Element No. 8.

(B) Clean, non-turbid dewatering water, such as well-point ground water, can be discharged to systems
tributary to state surface waters, as specified in Element No. 8, provided the dewatering flow does not cause
erosion or flooding of the receiving waters. These clean waters should not be routed through sediment
ponds with stormwater.

(C) Highly turbid or otherwise contaminated dewatering water, such as from construction equipment
operation, clamshell digging, concrete tremie pour, or work inside a cofferdam, shall be handled separately
from stormwater at the site.

(D) Other disposal options, depending on site constraints, may include, by way of example: (1) infiltration,
(2) transport off site in vehicle, such as a vacuum flush truck, for legal disposal in a manner that does not
pollute state waters, (3) on-site treatment using Ecology approved chemical treatment or other suitable
treatment technologies, (4) sanitary or combined sewer discharge with local sewer district approval, or there
is no other option, (5) use of a sedimentation bag that discharges to a ditch or swale for small volumes of
localized dewatering.

Based on the geotechnical investigation, dewatering is not anticipated for this project.

6.2.11 ELEMENT 11 - MAINTAIN BMPS

(A) All temporary and permanent erosion and sediment control BMPs shall be maintained and repaired as
needed to assure continued performance of their intended function. All maintenance and repair shall be
conducted in accordance with BMPs.

(B) Sediment control BMPs shall be inspected weekly or after a runoff-producing storm event during the
dry season and daily during the wet season. All projects that disturb an area greater than one acre shall
have a certified erosion control lead available to the site. This erosion control lead shall be responsible to
provide overview of ongoing day-to-day erosion control requirements. The erosion control lead shall (within
24 hours) report to the city and Department of Ecology any site discharges that exceed state water quality
standards that have or are likely to have entered waters of the state.

(C) All temporary erosion and sediment control BMPs shall be removed within 30 days after final site
stabilization is achieved or after the temporary BMPs are no longer needed. Trapped sediment shall be
removed or stabilized on site. Disturbed soil areas resulting from removal of BMPs or vegetation shall be
permanently stabilized.

Required BMP’s include: C160 Certified Erosion and Sediment Control Lead.
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6.2.12 ELEMENT 12 - MANAGE THE PROJECT

(A) Phasing of Construction. Development projects shall be phased where feasible in order to prevent, to
the maximum extent practicable, the transport of sediment from the development site during construction.
Revegetation of exposed areas and maintenance of that vegetation shall be an integral part of the clearing
activities for any phase.

(B) When establishing these permitted clearing and grading areas, consideration should be given to
minimizing removal of existing trees and minimizing disturbance/compaction of native soils except as
needed for building purposes. Permitted clearing and grading areas and any other areas required to
preserve critical or sensitive areas, buffers, native growth protection easements, or tree retention areas,
shall be delineated on the site plans and the development site.

(C) Coordination with Utilities and Other Contractors. The primary project proponent shall evaluate, with
input from utilities and other contractors, the stormwater management requirements for the entire project,
including the utilities, when preparing the construction SWPPP.

(D) Inspection and Monitoring. All BMPs shall be inspected, maintained, and repaired as needed to assure
continued performance of their intended function.

(E) For any project disturbing more than one acre, a certified professional in erosion and sediment control
shall be identified in the construction SWPPP and shall be on site or on call at all times. Certification may
be through the Washington State Department of Transportation/Associated General Contractors
(WSDOT/AGC) Construction Site Erosion and Sediment Control Certification Program or any equivalent
local or national certification and/or training program, in the city’s discretion.

(F) Whenever inspection and/or monitoring reveals that the BMPs identified in the construction SWPPP are
inadequate, due to the actual discharge of or potential to discharge a significant amount of any pollutant,
the SWPPP shall be modified, as appropriate, in a timely manner.

(G) Maintenance of the Construction SWPPP. The construction SWPPP shall be retained on site. The
construction SWPPP shall be modified whenever there is a significant change in the design, construction,
operation, or maintenance of any BMP.

Required BMP’s include: C160 Certified Erosion and Sediment Control Lead.

6.2.13 ELEMENT 13 - PROTECT LOW IMPACT DEVELOPMENT BMPS

(A) Protect all bioretention and rain garden BMPs from sedimentation through installation and maintenance
of erosion and sediment control BMPs on portions of the site that drain into the bioretention and/or rain
garden BMPs. Restore the BMPs to their fully functioning condition if they accumulate sediment during
construction. Restoring the BMP must include removal of sediment and any sediment-laden
bioretention/rain garden soils, and replacing the removed soils with soils meeting the design specification.

(B) Prevent compacting bioretention and rain garden BMPs by excluding construction equipment and foot
traffic. Protect completed lawn and landscaped areas from compaction due to construction equipment.

(C) Control erosion and avoid introducing sediment from surrounding land uses onto permeable pavements.
Do not allow muddy construction equipment on the base material or pavement. Do not allow sediment-
laden runoff onto permeable pavements or base materials.

(D) Pavement fouled with sediments or no longer passing an initial infiltration test must be cleaned using
procedures in accordance with the Ecology Manual or the manufacturer’s procedures.

(E) Keep all heavy equipment off existing soils under LID facilities that have been excavated to final grade
to retain the infiltration rate of the soils.

Required BMP’s include: C207 Check Dams, C208 Triangular Silt Dike, and C233 Silt Fence.
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6.3 REQUIREMENT #3- SOURCE CONTROL OF POLLUTION

The following construction site source control Best Management Practices (BMP’s) have been selected as
requirements on this project, obtained from the DOE Manual, Volume 2:

a BMP C101: Preserving Natural Vegetation

BMP C102: Buffer Zones

BMP C103: High Visibility Construction Fencing
BMP C105: Stabilized Construction Access
BMP C120: Temporary and Permanent Seeding
BMP C121: Mulching

BMP C125: Topsoiling

@ BMP C140: Dust Control

The following runoff conveyance and treatment BMPs are required to be implemented during the
construction of the project to minimize erosion and sedimentation impacts associated with construction
activities:

0O 000 0 0o

a BMP C233: Silt Fence
a BMP C235: Straw Wattles

Detailed descriptions of each of the above BMP’s are included in Appendix 8.6 Construction BMP’s. The
above construction source control, runoff conveyance, and treatment BMP’s are the minimum
requirements for anticipated site conditions during the construction period. Additional BMP’s may be
required at the discretion of the engineer for unexpected storm events or site conditions encountered
during construction that may include but are not limited to the following:

a BMP C107: Construction Road/Parking Area Stabilization
O BMP C122: Nets & Blankets
Q BMP C130: Surface Roughening

Upon completion of construction, the following pollutant source control BMPs are required for
implementation associated with the management and maintenance of the development, obtained from the
WSDOE Manual, Volume 4:

a S410 BMPs for Correcting lllicit Discharges to Storm Drains
S453 BMPs for Formation of a Pollution Prevention Team

S454 BMPs for Preventative Maintenance / Good Housekeeping
S455 BMPs for Spill Prevention and Cleanup

S456 BMPs for Employee Training

S457 BMPs for Inspections

S458 BMPs for Record Keeping

Q S411 BMPs for Landscape & Vegetation Management

0 000 o0 0o

Upon completion of construction, the following pollutant source control BMPs are recommended for
implementation as applicable with the management and maintenance of the development, obtained from
the DOE Manual, Volume 4

Q S411 BMPs for Landscape & Vegetation Management

a S415 BMPs for Maintenance of Public and Private utility Corridors and Facilities
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O S416 BMPs for Maintenance of Roadside Ditches
Q S417 BMPs for Maintenance of Storm Water Drainage and Treatment Systems
a S421 BMPs for Parking and Storage of Vehicles & Equipment
Q S431 BMPs for Washing and Steam Cleaning Vehicles / Equipment / Building Structures

Detailed descriptions of each of the above Pollution Source-Specific BMPs are included in Appendix 8.7,
Pollution Source Control BMP’s.

64 REQUIREMENT #4 - PRESERVATION OF NATURAL DRAINAGE
SYSTEMS AND OUTFALLS

Runoff from the site will be infiltrated as in the native condition. Rainfall events exceeding the modeled
100-year storm and infiltration system capacity will result in standing water adjacent to parking areas that
will outfall overland to the Puget Sound maintaining the natural drainage system.

6.5 REQUIREMENT #5- ON-SITE STORMWATER MANAGEMENT

This project will meet the On-Site Stormwater Management requirement by meeting the LID performance
standard. All the new plus replaced pollution generating hard surface areas on the site will direct
stormwater runoff to a Compost Amended Vegetated Filter Strip (CAVFS) and infiltration trench. The
CAVFS system and adjacent infiltration trench fully infilirate the 100-year storm event for each of the
three project areas that propose new plus replaced hard surfacing including the Parking Lot, Roadside
Parking, and Gravel Driveway.

The WWHM report files are included in Appendix 8.5 that support the full infiltration for each area.

6.6 REQUIREMENT #6- RUNOFF TREATMENT

The Pollution generating surfaces on the project that require runoff treatment are in three distinct areas of
the site: the gravel parking lot, roadside parking, and gravel driveway. Each of these areas are graded to
direct surface sheet flow runoff to adjacent CAVFS systems to meet enhanced runoff treatment
requirements.

GRAVEL PARKING LOT: The gravel parking lot basin directed to the CAVFS includes the onsite gravel
parking area, gravel walkways, roof areas, and offsite gravel areas and a portion of the existing paved
County Road. Two covered picnic shelters are included in the CAVFS calculations although runoff from
the roof surfaces is expected to infiltrate prior to reaching the CAVFS facilities.

ROADSIDE PARKING: Gravel parking will be added to the east side of Hainsville Road between NE
Point No Point Road and the park entrance. Since the road is crowned, the CAFVS have been sized to
provide runoff treatment to the additional gravel parking areas as well as the eastern half of the public
road that will contribute runoff.

GRAVEL DRIVEWAY: The relocated gravel driveway east of the project will be installed with a CAVFS
facility constructed adjacent to meet runoff treatment requirements.

The following table provides a summary of each area and the CAVFS system performance. The %
Treated column also represents the percentage of the runoff directed to the facility that was infiltrated into
the native soil beneath the CAVFS. The complete WWHM reports can be found in Appendix 8.5.
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CAVFS CAVFS WIDTH (FT) | % TREATED
LENGTH (FT) (91% REQD)

GRAVEL 72 ft 4.0 ft 93.2

PARKING LOT

ROADSIDE 670 ft 4.0 ft 99.2 %

PARKING

GRAVEL 385 ft 3.5ft 99.1 %

DRIVEWAY

6.7 REQUIREMENT #7- FLOW CONTROL

Flow control for the project is provided by infiltrating the runoff generated from the new plus replaced hard
surface areas under the CAFVS and the adjacent infiltration trenches. Each of the CAVFS systems is
designed to meet the runoff treatment requirement and also provide infiltration into the native soils. In
addition to the infiltration provided by the CAVFS system, each of the three CAVFS facilities have an
adjacent infiltration trench filled with washed rock that provides additional storage and infiltration
capabilities. The combination of the CAVFS and the infiltration trench for each of the three areas
infiltrated 100% of the runoff per the WWHM.

GRAVEL PARKING LOT: The gravel parking lot includes a 72-foot-long infiltration trench that is 18-inch
wide x 18-inch deep along with a 1,017 square foot infiltration gallery to fully infiltrate the runoff from the

gravel parking lot basin. The 1,125 square feet of infiltration gallery provided exceeds the required 1,085
square feet of infiltration gallery required per the WWHM model.

ROADSIDE PARKING: The roadside parking includes an 18-inch wide x 18-inch deep infiltration trench
adjacent to the CAVFS and includes the perforated pipe at then north end of the parking to provide 685
feet of trench, exceeding the required 680 feet of infiltration gallery required by the WWHM model.

GRAVEL DRIVEWAY: The gravel driveway includes an 18-inch wide x 18-inch deep infiltration trench
adjacent to the 385 foot long CAVFS that in conjunction with the CAVFS fully infiltrates the 100-year
storm event meeting flow control requirements.

The complete WWHM reports for each of the three areas described is included in Appendix 8.5.

6.8 REQUIREMENT #8 -WETLANDS PROTECTION

The wetland field reconnaissance indicates there are no wetlands within the project footprint.

6.9 REQUIREMENT #9 - OPERATION AND MAINTENANCE

Operation and maintenance of the proposed storm water management facilities located outside the public
right-of-way shall be the responsibility of property owners. Stormwater facilities constructed within the public
right-of-way will be owned and maintained by Kitsap County. A recommended schedule for the operation
and maintenance of the proposed private storm water management facilities is included in Appendix 8.8.
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7 PRINCIPAL FINDINGS AND RECOMMENDATIONS

Detailed analysis concludes all applicable stormwater requirements can be met for the proposed project
site in accordance with the Kitsap County Stormwater Standards.

All storm water management associated with the proposed project will be in accordance with applicable
local, state, and federal regulations.
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8 APPENDIX

8.1 VICINITY MAP
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APPENDIX

8.2 BASIN EXHIBITS
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1 Introduction

This report presents the results of a geotechnical engineering study by Aspect Consulting,
LLC (Aspect) for the Norwegian Point Park Ring Levee (Project) located on Kitsap
County Parcels 162802-4-097-2000 and 162802-4-086-2003, -2102, -2201, -2300, -2409,
-2508, -2607 in Hansville, Washington (Site; Figure 1).

This report summarizes the completed subsurface explorations at the Site and presents
Aspect’s preliminary geotechnical engineering conclusions and recommendations for the
Project. Based on our evaluations, the Project levee can be constructed while meeting all
seepage and stability requirements.

1.1 Scope of Services and Authorization

Our scope of work included reviewing readily available data near the Site, excavating and
sampling test pits, performing laboratory testing, completing geotechnical engineering
analyses in support of preliminary Project design, and preparing this report. Specific
objectives of this preliminary study included developing a typical levee section that meets
the seepage and stability requirements of the U.S. Army Corp of Engineers (USACE),
evaluating the suitability of the on-site soils for use in levee construction, and providing
associated preliminary design criteria. At the time of this report, the Project was in the
conceptual design phase and we understand our recommendations will be used to develop
the preliminary Project design.

Our work was completed in general accordance with our subconsultant agreement with
Wild Fish Conservancy authorized on March 1, 2019.

1.2 Project Description

The Project is part of the greater fish habitat restoration and naturalization of the mouth
of Finn Creek (creek) at the Site. The creek is currently ditched across the Site and
culverted to Puget Sound. To naturalize the mouth of the creek, the culvert and tide gate
will be removed and a new creek channel will be graded through the Site. During high
tides, the Site will become inundated, necessitating a levee to provide flood protection to
the adjacent properties.

Based on preliminary levee and creek alignments developed by Wild Fish Conservancy
(WFC; Attachment 1), the levee will form a ring around the Site, extending from Puget
Sound to the upstream end of the Project at the intersection of Hansville Road NE and
NE Point No Point Road. We assume the levee will be designed in general accordance
with the guidance provided by the USACE EM 1110-2-1913, Design and Construction of
Levees (USACE, 2000).

PROJECT NO. 190092 « JULY 15, 2019 FINAL
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2 Site Conditions

2.1 Surface Conditions

The Site consists of eight undeveloped Kitsap County (County) parcels, which include
County-owned parcels and the parcels that WFC has proposed the County acquire as part
of the Project. The Site is delineated by Puget Sound to the north, NE Point No Point
Road to the south, single family residences to the east, and Hansville Road NE to the
west (Figure 1).

Site topography is relatively level with ground surface elevations ranging between about
5 to 8.5 feet.! The topographically high part of the Site is a 4-foot-tall berm along the east
side of the ditched portion of Finn Creek and Hansville Road NE. With exception to a
gravel parking lot in the northern portion of the Site, the Site is vegetated with short grass
and a few scattered shrubs and trees. At the time of our subsurface explorations, we
observed water ponded at the ground surface of the central portion of the Site.

Finn Creek enters the Site via a 3-foot-diameter corrugated metal pipe (CMP) that carries
the creek below the intersection of Hansville Road NE and NE Point No Point Road and
into a ditch at the southwest corner of the Site. The ditch runs along the east side of
Hansville Road NE and carries the creek to a 3.5-foot-diameter concrete culvert and tide
gate structure at the northwest corner of the Site. The culvert redirects the creek to the
northeast and carries it below Norwegian Point Park to Puget Sound.

An unnamed stream enters the Site via an 18-inch-diameter concrete culvert pipe that
carries the stream below NE Point No Point Road at the southeast corner of the Site. The
stream remains culverted for about 200 feet before it discharges into a ditch along the
east side of the Site. The ditch carries the creek north to another 12- or 18-inch-diameter
culvert and tide gate structure and eventually to Puget Sound.

2.2 Subsurface Conditions

2.2.1 Geology

The Geologic map of the Port Ludlow and southern half of the Hansville 7.5-minute
quadrangle (Polenz et al., 2015) indicates the Site is located at the contact of beach
deposits (Qb) and modified land (Qm). Alluvium deposited by Finn Creek is mapped to
the south of the Site on the south side of NE Point No Point Road. Glacial deposits
mapped in the Site area include glacial till (Qgt) to the northwest and recessional glacial
delta deposits (Qgod) to the south and southwest.

Based on the completed explorations, the Site is underlain by fill which is in general
agreement with the mapped Qm unit in the Site area. Anecdotal information suggests the
fill at the Site was derived from road cuts for Hansville Road NE approximately

0.25 miles south of the Site where glacial till (Qgt) is mapped. Below the fill, we
encountered wetland deposits (peat) and/or beach deposits. The wetland deposits indicate
the inland portions of the Site were formerly a tidal bog.

! All elevations reference National Geodetic Vertical Datum of 1929 (NGVD29)
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2.2.2 Subsurface Explorations
We explored the Site subsurface conditions with eleven test pits, designated TP-1 through

TP-11 (Figure 2). The test pits were located along the proposed regraded creek channel
and levee alignment based on a conceptual site plan provided by Wild Fish Conservancy.

The test pits were completed to depths ranging from 6 to 10 feet below the ground
surface (bgs). Detailed descriptions of the subsurface conditions encountered in our
explorations, as well as the depths where characteristics of the soils changed, are
indicated on the exploration logs presented in Appendix A. A general description of the
exploration and sampling methods are also included in Appendix A.

2.2.3 Laboratory Testing
We submitted select soil samples for laboratory testing for classification purposes and to
characterize their engineering (physical) properties. Laboratory testing included
determination of moisture content, determination of organic content, grain-size
distribution, and compaction characteristics (proctor). The laboratory tests were
conducted in general accordance with ASTM International (ASTM) test methods. The
laboratory testing results are provided in Appendix B.

2.2.4 Stratigraphy
The soils encountered in our test pits can be grouped into four engineering/geologic units:
fill, older topsoil horizon, wetland deposits, and beach deposits. The general
characteristics of each of these units are described in further detail below.

Fill

We encountered fill below the surficial topsoil in each test pit. The fill extended to depths
ranging from about 3 to 5.25 feet bgs. The fill typically consisted of loose to medium
dense, slightly moist to very moist, silty SAND and silty SAND with gravel (SM) and
varying amounts of cobbles. We infer the fill to be glacial till borrow that was placed
during historic grading activities at the Site.

In addition to the fill observed in the test pits, we infer the 4-foot-tall berm along
Hansville Road NE is composed of fill of similar composition. We presume that the berm
fill material was placed at around the same time as the fill in the test pits and was derived
from the excavation for the adjacent ditch.

We evaluated the compaction of the fill in the test pits with a 3-foot-long, 2-inch-
diameter steel T-probe. Based on our evaluations, the fill varied from poor to moderate in
the degree of compaction. The fill is expected to have moderate shear strength, moderate
compressibility, low to moderate permeability, and moderate to high moisture sensitivity.

Older Topsoil Horizon
Below the fill in TP-1, TP-2, TP-10, and TP-11, we observed a 3- to 8-inch-thick layer of

black silty SAND (SM) with organics. We inferred this to be an older topsoil layer over
which the fill was placed.
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Wetland Deposits

Below the fill or older topsoil horizon in TP-3 through TP-10, and below the beach
deposits in TP-11, we encountered wetland deposits that typically consisted of soft,
moist, brown, PEAT (PT). Organic content of the PEAT ranged from about 17 to
57 percent.

The wetland deposits are expected to have low shear strength and moderate to high
compressibility.

Beach Deposits

Below the fill or older topsoil horizon in TP-1, TP-2, and TP-11, and below the wetland
deposits in TP-5, TP-7, and TP-9, and interbedded with wetland deposits in TP-8 and TP-
11, we encountered beach deposits that typically consisted of very loose, moist to wet,
SAND (SP) with trace silt.

The beach deposits are expected to have low shear strength and moderate to high
compressibility.

2.2.5 Groundwater

We encountered groundwater ranging from about 4.7 to 9 feet bgs in the test pits. We
also observed seepage emanating from the sidewalls in many of the test pits, which are
indicative of perched groundwater. Depth to groundwater is expected to increase away
from the shoreline and generally coincided with the depths where the beach deposits were
encountered in the test pits.

Groundwater levels at the Site are expected to vary with precipitation, Site and near-Site
usage, creek levels, and tidal fluctuations.
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3 Levee Embankment Analyses

Based on our understanding of the Site soil and groundwater conditions and our
experience with levee design, we completed preliminary analyses for the proposed ring
levee. The following sections present our design assumptions and results along with our
preliminary recommendations for the levee.

3.1 General Design Assumptions and Recommendations

We developed a list of design assumptions and recommendations based on conversations
with Wild Fish Conservancy, our experience with levee design, the results of our
subsurface explorations, and our engineering judgement. The general assumptions and
recommendations used in our design analyses include:

* The soil and groundwater conditions detailed in Section 2.2 of this report are
generally representative of those along the levee alignment.

* The laboratory test results are generally representative of the respective soil units.

¢ The levees will be designed for a design flood water surface elevation (WSE) of
8.5 feet.

* The design flood is expected to occur in combination with a high tide and will be
tidally controlled.

* The levees will be designed with a freeboard of at least 2 feet above the design
flood WSE, corresponding to a minimum levee crest elevation of 10.5 feet.

* The levee embankments will be comprised of Site-derived fill (see Section 4.3.4)
and are assumed to be uniform (both geometrically and compositionally).

* Long-term creek channel migration may push the creek channel towards and
alongside the toe of the levee in some locations. To account for this, we assumed
a 3H:1V (horizontal:vertical) or flatter creek channel sideslope (approximate
angle of repose for saturated soil) from the waterside toe of the levee down to the
creek thalweg.

* The levee crown will be at least 6 feet wide to accommodate a pedestrian path.
* The levee will have sidelopes of 2.5H:1V or flatter.

* The maximum levee height required to reach the crest elevation of 10.5 feet will
be approximately 5 feet above the surrounding grade.

* Seismic design of the levee will be based on guidance provided by the USACE
EC 1110-2-6067, Process for the National Flood Insurance Program (NFIP)
Levee System Evaluation (USACE, 2010).
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3.2 Seismic Evaluation

3.2.1 General

USACE (2010) specifies that if the peak ground acceleration (PGA) for the 100-year
earthquake ground motion is less than 0.10g (where g is the acceleration of gravity),
seismic evaluation of the levee system is not required. The U.S. Geological Survey
(USGS) Earthquake Hazards Program (USGS, 2019) indicates the PGA associated with
the 100-year ground motion at the Site is approximately 0.17g. With this, we assume
seismic evaluation of the levee system is required.

3.2.2 Liquefaction Susceptibility
Liquefaction occurs when loose, saturated, and relatively cohesionless soil deposits
temporarily lose strength and stiffness as a result of earthquake shaking. Potential effects
of soil liquefaction include temporary loss of shallow foundation bearing capacity, loss of
deep foundation axial and lateral capacity, vertical ground settlement, creekbank slope
failure, slope failure, and lateral ground movement towards creek banks or shoreline
areas. Primary factors controlling the triggering of liquefaction include intensity and
duration of strong ground motion, characteristics of subsurface soils, in sifu stress
conditions, and the depth to groundwater.

The potential for the triggering of liquefaction is typically evaluated using simplified
empirical methods and in situ test data, such as the Standard Penetration Test (SPT) or
the Cone Penetrometer Test (CPT). The subsurface exploration program at the Site did
not include in situ testing; therefore, our evaluation of the potential for liquefaction
triggering at the Site is preliminary and based on our experience with in situ testing in
similar geologic settings.

To evaluate the potential for the triggering of liquefaction at the Site, we used the
Washington State Department of Transportation (WSDOT) Liquefaction Hazards
Evaluation System (WSlig; WSDOT, 2009). For our evaluation, we made the following
assumptions:

* The stratigraphy observed in TP-1 and TP-2, where we observed the beach
deposits to be the shallowest, represents the worst-case condition for liquefaction
potential at the Site.

» Based on our engineering judgement and experience, we assumed a relative
density of loose to medium dense for the beach deposits.

e The wetland deposits are not susceptible to liquefaction.

Based on these assumptions, our evaluations indicate the beach deposits could liquefy
during the 100-year earthquake ground motion event.

3.2.3 Liquefaction-Induced Ground Deformation

An evaluation of the potential magnitudes of liquefaction-induced ground deformation
(vertical ground settlement and lateral ground movement) are presented below.
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3.2.3.1 Vertical Ground Settlement
We used WSliq to evaluate the potential magnitude of liquefaction-induced vertical
ground settlement at the Site for the 100-year earthquake ground motion event. Due to
the limited nature of our explorations, the total depth of the beach deposits at the Site is
not known. For the purpose of our evaluation, we assumed the beach deposits are at
least 15 feet thick. With this, our evaluations indicate vertical ground settlement of up
to 1 inch could occur at the Site. We expect that the settlement would be relatively
widespread in nature and would occur over 