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Subsurface Conditions Report

Point Wells Redevelopment
Snohomish County, Washington

1.0 EXECUTIVE SUMMARY

This report presents our geotechnical engineering study for the environmental impact analysis for the
proposed mixed-use redevelopment at Point Wells in unincorporated Snohomish County, Washington.
An environmental impact statement is being prepared for one alternative that was selected previously
by the design team from a variety of alternatives considered. The Urban Center alternative was
selected, which includes multiple mixed use (office, retail, and residential) mid- and high-rise buildings,
supporting infrastructure, open space, and a Secondary Access Road.

The site consists of a 56-acre “Lower Bench” adjacent to Puget Sound and a 5-acre “Upper Bench” to
the east. The Upper and Lower Benches are split by the BNSF railroad tracks that run along Puget
Sound. East of the site is an ascending slope about 150 to 200 feet high with average overall slope
gradient ranging from about 18 to 50 percent (or about 3H:1V to 2H:1V). The slope gradient varies
locally, maximizing at about 100 percent (1H:1V).

Soil at the site and in the adjacent eastern slope include Fill, Colluvium, Vashon Till, Advance Outwash,
Lawton Clay, and Pre-Fraser Deposits. Shallow groundwater is present below the Upper and Lower
Benches, and groundwater is also present at varying levels in the eastern slope. Areas of localized
slope instability were observed in the field and reported historically along similar slopes on Puget
Sound.

Geologically hazardous areas at the site and in the eastern slope include erosion, landslide, seismic,
and tsunami. The impacts of the proposed alternatives on these hazardous areas, as well as the
potential impacts of the hazardous areas on the proposed alternatives, can be mitigated during design.

2.0 INTRODUCTION

This report presents our geotechnical engineering study for the environmental impact analysis for the
proposed mixed-use redevelopment at the Point Wells asphalt plant and marine fuel terminal in
unincorporated Snohomish County, Washington (the Project). We understand an environmental
impact statement (EIS) is being prepared for the preferred development alternative selected from
three alternatives originally considered. The EIS describes one redevelopment alternative, which is an
Urban Center with multiple mixed use (office, retail, and residential) low-, mid-, and high-rise
buildings, supporting infrastructure, open space, and a secondary access road. This report provides our
findings on geotechnical aspects of the proposed development of the site and supplements our
previous preliminary geotechnical engineering study (Hart Crowser 2010) and draft subsurface
conditions reports (Hart Crowser 2015, 2016a, 2016b).

| o -
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2 | Point Wells Redevelopment

This report contains several sections. The main body of the report presents our findings and is
organized as follows:

Introduction;

Site and Project Descriptions;

Field Activities;

Site Geology and Subsurface Conditions;

Geologic Hazards; and

Hazard Mitigation and Geotechnical Design and Construction Considerations for the Project.

Tables are in the text following their initial reference, and figures are at the end of the text. The field
exploration procedures and logs are in Appendix A. The laboratory procedures and test results are in
Appendix B. Appendix C presents vibrating wire piezometer (VWP) data and groundwater
measurements Hart Crowser collected at the site. Appendix D presents logs of field explorations
performed by Hart Crowser and others previously at this site. This report presents the results of our
geotechnical assessment for the EIS; additional supporting information is provided in our previous
study (Hart Crowser 2010). Appendix E includes supplemental Brightwater EIS outfall geophysical and
bathymetric information.

2.1 Purpose

The purpose of our work is to assess geotechnical conditions (i.e., geology, soil, and groundwater and
seismic conditions) at the site to support preparation of the EIS for the Project. This includes assessing
potential impacts of geologic hazards that may impact the proposed development, and assessing how
the proposed development would impact the surrounding environment, considering these potential
geologic hazards. This report provides geotechnical engineering findings to support planning-level
decisions, but is not intended to be sufficient for final design.

2.2 Scope

The scope of our work was based on “Summary of the Public EIS Scoping Process” from the Snohomish
County Planning and Development Services (PDS), dated August 8, 2014; the detailed EIS scope

(Draft 8.27.14) provided by EA Engineering, Science, and Technology, Inc.; Exhibit A of “Point Wells
Mixed Use Redevelopment EIS, EIS Preparation Protocols and Guidance,” dated September 17, 2014,
and Point Wells Urban Center Review Completion Letter from the Snohomish County PDS, dated
October 6, 2017.

Our scope of work to address the geotechnical engineering aspects at this phase of the Project
includes:

B Describe existing soil and geologic/topographic conditions on and in the vicinity of the site,
including the adjacent hillside area to the east (Section 5);

B Describe geologically hazardous areas on and adjacent to the site, including the relationship of the
proposed development to identified geologic hazard areas (Sections 5 and 6);

- | ]
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Point Wells Redevelopment | 3

B Evaluate anticipated earthwork associated with construction of the proposed redevelopment
(Sections 6.4, 7.1.4, and 7.2);

B Describe proposed grading activities and construction techniques required or recommended for
consideration for development, including sources of fill (Section 7.2);

B Analyze the potential for geotechnical impacts with development and for the No Action
alternatives (Section 6);

B Assess potential for erosion during construction (Sections 6.4 and 7.1.4);

B Discuss potential vibration impacts to existing structures on and immediately adjacent to the site
resulting from redevelopment activities including construction and truck traffic (Section 7.6.2);

B Discuss potential for vibration from the adjacent railroad operations to impact proposed
development (Section 7.6.2);

B Analyze overall suitability of soil to accommodate redevelopment (Section 7);

B Discuss geotechnical impacts associated with development of the Secondary Access Road
(Section 6);

B |dentify mitigation measures necessary to minimize impacts on earth [soil] (Section 7);

B Respond to geotechnical comments in the Point Wells Urban Center Review Completion Letter
Urban Center Comment Letter by PDS dated October 6, 2017, including slope stability at the
Secondary Access Road (multi-disciplinary response form included with this submittal references
specific sections of this report addressing County comments); and

B Present the results of our study in this report.

We developed our geotechnical engineering findings considering the combined geotechnical data from
previous and current explorations, as well as our experience with the local geology. This study focuses
on the proposed development alternatives described in the following section.

Description of contaminated soil and discussions related to Model Toxics Control Act
cleanup/remediation processes area addressed in our separate environmental remediation approach
memorandum (Hart Crowser 2018).

2.3 The Use of This Report

We completed this work in general accordance with our proposals and written authorization to
proceed. This report is for the exclusive use of BSRE Point Wells, LP, and its consultants for specific
application to the Project and site. We completed this study in accordance with generally accepted
geotechnical practices for the nature and conditions of the work completed in the same or similar
localities, at the time the work was performed. We make no other warranty, express or implied.
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4 | Point Wells Redevelopment

The explorations performed for this study represent subsurface conditions only at discrete locations
across the Project site and that actual conditions in other areas could vary.

3.0 SITE AND PROJECT DESCRIPTIONS

3.1 Site Description

The Point Wells facility is in Snohomish County, Washington, on Puget Sound near the border of King
County with Snohomish County (Figure 1). Figure 2 shows the existing site topography, which was
provided by the Project team. The elevations in this report correspond to NAVD88, unless specified
otherwise. Figure 3 is an aerial photo that shows existing site features and the location of soil borings
used in our evaluation of the Project site.

The west side of the site consists of a semicircular area of about 56 acres adjacent to Puget Sound,
referred to as the “Lower Bench” because it is at a lower elevation than the rest of the site. The
southeast portion of the site is a more or less rectangular area of about 5 acres, referred to as the
“Upper Bench” because it is at a higher elevation. The two areas are separated by the approximately
north—south Burlington Northern Santa Fe (BNSF) railroad tracks.

On the east side of the proposed development, across the railroad tracks, is an ascending slope. The
slope is approximately 150 to 200 feet high and is covered with vegetation. The average overall slope
gradient ranges from about 18 to 50 percent (or about 3H:1V to 2H:1V), with gradients generally
increasing from the south end to the north end of the site (Figure 4). The slope gradient varies locally,
maximizing at 100 percent (1H:1V).

Several buildings and a retention pond are on the Upper Bench. The Upper Bench is relatively flat, with
a steep ascending slope along its eastern perimeter having an average gradient of about 50 percent
and locally steeper sections approaching 100 percent. A short concrete block retaining wall is located
on the east portion of the Upper Bench, adjacent to the toe of the existing slope. The western
boundary of the Upper Bench descends on a short steep slope to the BNSF railroad tracks.

The Lower Bench contains an asphalt plant and marine fuel terminal. The Lower Bench is generally flat
with less than 10 feet of elevation change across the site. The Lower Bench is protected from the
adjacent Puget Sound by a concrete seawall, sheet pile wall, and/or riprap.

Figure 3 is an aerial photograph of the site and shows impervious surfaces and roads. Over 200 borings
and/or monitoring wells have been advanced at the site. Hart Crowser’s report titled “2008
Remediation System and Groundwater Quality Evaluation, Richmond Beach Asphalt and Marine Fuels
Terminal” contains information on our most recent groundwater study. Because site use dates back to
the early 20th century, there may be existing drain fields or other subsurface constructed features on
the site. Utility and easement information is not part of our scope of work.

- | ]
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3.2 Project Description

We understand the site is being considered for development of a waterfront community of mixed use
(office, retail, and residential). Potential development plans call for multiple mid- and high-rise
buildings, supporting infrastructure, and open space.

Once specific building layout and structural loads are available, design-level geotechnical explorations
and engineering analyses will be necessary to develop specific design criteria and recommendations
for the Project.

3.2.1 Preferred Alternative

The Urban Center alternative includes construction of residential space, commercial/office space, and
retail space. The Project would also provide passive recreational activity areas, open space, a public
dock, and associated infrastructure. The alternative is anticipated to support approximately several
thousand residents and several hundred on-site employees.

3.2.1.1 Urban Plaza at Upper Bench

As part of this alternative, an Urban Plaza would be developed on the Upper Bench and would include
residential units and all of the proposal’s commercial floor space. It would consist of three low-rise
buildings (2 above ground and 1 below ground stories), and three tower buildings (13 to 15 stories).
The towers would include two levels of below-grade parking and transportation service/access. The
bottom level of the development would be at about elevation 25 feet.

3.2.1.2 Villages at Lower Bench

The South, Central, and North Villages described below would all be constructed on the Lower Bench.
In general, the final grades in the South, Central, and North Villages would be raised about 15 to

30 feet above the existing grade of the Lower Bench over the majority of the development, with less
grade change at the Puget Sound edge. The bottom of the lowest levels of the planned structures
would be about 0 to 6 feet below the existing grades of the Lower Bench.

South Village. The South Village would include retail space and residential units. It would consist of
five low-rise buildings (about 3 stories), two mid-rise buildings (about six stories) and six towers (11 to
16 stories). The South Village would have one to two levels of below-grade parking, depending on
varying final site grades.

Central Village. The Central Village would include retail space and residential units. It would consist of
10 low-rise buildings (three to four stories), three mid-rise buildings (six to seven stories) and seven
towers (14 to 17 stories). The South Village would have one to two levels of below-grade parking,
depending on varying final site grades. There would also be a one-level public building with one level
of below-grade parking in this area.

North Village. The North Village would include residential units. It would consist of three mid-rise
buildings (six to eight stories), and four towers (13 to 16 stories). The North Village would have two
levels of below-grade parking.

] 17203-54
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6 | Point Wells Redevelopment

The site has an existing seawall approximately 3,300 feet long that is a combination of concrete,
timber sheet pile, and rip-rap rock seawall on the Lower Bench. This wall would be totally removed
and reconstructed. Most of the new seawall would be located 40 to more than 100 feet landward of
its existing location. The primary purpose of this realignment would be to create approximately

5.7 acres of new intertidal habitat area.

3.2.1.3 Secondary Access Road

As part of the proposed redevelopment, a Secondary Access Road is proposed. Figure 2 shows the
location of the proposed Secondary Access Road. It would connect 116th Avenue West to the
southern part of the site by coming down the slope above the Upper Bench. It would wrap around the
back of the Upper Bench near the base of the slope where it would cross the BNSF railroad tracks via a
bridge to the Lower Bench at the north end of the Upper Bench. To accommodate road grades,
retained fill up to about 40 feet above existing grades (60 feet above the lowest basement level) is
proposed near the base of the slope. Limited sections of roadway cuts (up to 8 feet) and fills (up to 20
feet) are anticipated.

4.0 FIELD ACTIVITIES

To help assess soil conditions and potential geologic hazards, we completed a 250-foot soil boring at
the top of the eastern slope, three deep borings along the Secondary Access Road (Figure 2), and
installed vibrating wire piezometers (VWPs) to monitor groundwater levels in different stratigraphic
units. Data from these additional deep borings supplement data from over 200 shallower borings
previously completed on the eastern slope, Upper Bench, and Lower Bench at the site. Field
reconnaissance was performed on the eastern slope to document slope conditions and evaluate
potential landslide features identified on light detection and ranging (LiDAR) imagery of the site with
respect to the proposed development alternatives. LiDAR imagery was collected in April 2013 and
provided by the Washington State Department of Transportation (WSDOT 2013). As part of the
reconnaissance, five hand-auger soil borings were advanced on the slope. Details of these activities are
in the following section, and exploration locations are shown on Figures 2 and 3.

4.1 Soil Borings

In April 2015, soil boring HC-1 was advanced to 250 feet below ground surface (bgs) by Gregory Drilling
of Redmond, Washington. A Hart Crowser geologist logged soil samples collected and subsurface
conditions. Following completion of the soil boring, four VWPs were installed to record groundwater
pore pressures in different geologic units.

In February of 2018, three new soil borings were advanced by Gregory Drilling of Redmond,
Washington. HC-10 was drilled to 200 feet bgs near the crest of the bluffs and outfitted with three
VWPs. HC-11 was drilled to 102 feet bgs near the mid-slope of the bluffs and one VWP was installed at
30 feet bgs. HC-12 was drilled to 52 feet bgs in the existing pavement of the Upper Bench.

Site geology and groundwater measurements are discussed in Section 5, below. Detailed boring logs
are in Appendix A, and VWP calibrations and readings are in Appendix C.

- | ]
pori 20,2018 ax
prit 20,
HARTCROWSER



Point Wells Redevelopment | 7

4.2 Slope Reconnaissance

On April 21 and 22, and on May 26, 2015, two Hart Crowser geologists traversed the slope east of the
BNSF railroad tracks. The primary focus of the reconnaissance was to document surface features on
the steep slopes, identify potential geologic hazards, and evaluate potential landslide features
identified on LiDAR imagery. This reconnaissance was limited to areas that were readily accessible and
did not include a detailed survey of the slope. Observations made during the reconnaissance included
identification of geologic contacts (interface of one predominant soil type with another), landslides,
and other features related to downslope soil movement; springs, seeps, or other expressions of
groundwater at the surface; location or evidence of surface water; and the extent and type of
vegetative cover. Details of the reconnaissance are discussed in Section 5.1.5, and field observations
are summarized on Figure 5.

4.2.1 Hand Auger Borings

During the field reconnaissance, five hand auger borings were advanced to approximately 3 to 8.5 feet
bgs. Soil conditions encountered in these shallow borings are shown in Table 1. Hand auger locations
are on Figures 2 and 3.

Table 1 - Hand Auger Details

Depth
Hand Auger . . . o
D in Depth in Feet — Soil Description Depth to Water
Feet
HAL 3 0 to 1 — Moist to wet, gray, silty, clayey sand (Colluvium) 1 feet bgs
1to 3 —Wet, gray sand (Lawton Formation?)
HA2 . 0 to 4 — Moist gray silty sand and sand silt (Colluvium) 4 feet bgs
4to 5 — Wet, gray, sand
HA-3 4 0to 5 - Wet, gray, silt, clayey, sand At surface
0 to 1 — Moist, gray, silt and sand (Colluvium) 7 feet bgs, rising to
HAA 85 1 to 2 — Moist, gray with orange mottled, silt 2.5 feet bgs prior to
2 to 7.5 — Moist, gray, clayey silt backfill
7.5 -8 —Wet, gray, sand trace silt
HAS 8 0to 7 — Wet, gray, sand (Outwash) 0 feet; water is at
7 to 8 — Moist, gray silty clay (Lawton Formation) surface

Terms such as Colluvium, Outwash, and the Lawton Formation refer to soil units at the site that are
described below in Section 5.1.2.

5.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS

The following sections describe surface and subsurface conditions at the site.

5.1 Subsurface and Topographic Conditions

] 17203-54
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5.1.1 Site Geology

A geologic map of the site and surrounding vicinity based on the work by Booth et al. (2004) is shown
on Figure 6. The surficial soil of the Lower and Upper Benches consist of artificial fill (af) and pre-Fraser
deposits (Qpf), respectively. The pre-Fraser deposits are sedimentary deposits typically consisting of
poorly to well-sorted gravel, sand, silt, and clay. The original ground surface of the Lower Bench was
modified and fill was placed to raise grade for construction of the existing facility. The artificial fill
consists of loose to dense, trace to silty, gravelly sand.

The surficial geologic units decrease in age to the east of the site. On the hillside east of the site, the
pre-Fraser deposits are overlain by Lawton Clay (Qvlc), Advance Outwash (Qva), Vashon Till (Qvt), and
Recessional Outwash (Quvr). The geologic map does not indicate the presence of a significant amount
of colluvium on the slope. The colluvium that is present was deposited from ongoing erosion and
historical landslides. In addition to these natural processes, the slope was likely graded to facilitate
construction of the now-abandoned access road shown on Figures 2 and 3, as well as other structures
built on the hillside. During our field reconnaissance, neighborhood residents reported observing fill
material being deposited on the hillside during historical operation of the Point Wells facilities.

5.1.2 Soil Conditions

Soil conditions at the site and on the eastern hillsides are discussed in the following sections.
Subsurface contamination during past use of the site is discussed separately for the EIS (Hart Crowser
2018), and so is omitted from this discussion.

The soil on the eastern hillside and the Upper and Lower Benches fall into six basic soil units, as
indicated by our recent borings and historical borings. These soil units reflect the geologic depositional
history at the site, and are, in order of increasing age, fill, colluvium, Vashon Till, Advance Outwash,
Lawton Clay, and alternating pre-Fraser nonglacial fluvial and lacustrine deposits. Figures 7, 8, and 9
are generalized subsurface cross sections of the site and eastern hillside based on subsurface
conditions encountered in the explorations. Descriptions of these soils are presented in detail below.

Fill. This layer was observed underlying the Upper and Lower Benches and consists of loose to medium
dense, gray brown to brown to dark gray, moist to wet, none to silty, none to gravelly, sand and sandy
gravel. The Fill layer extends to a depth of up to 5 feet bgs where observed in the borings and may be
deeper at other locations. This Fill unit is below asphalt and concrete in the Upper Bench, and below a
layer of surface gravel on the Lower Bench. The fill may contain cobbles and possibly boulders or
debris.

Colluvium. This material consists of very soft, moist to wet, gray, none to sandy, silt and loose to
medium dense, very moist, gray silty sand as indicated in some borings and observed on the eastern
hillside. Scattered zones of gravelly sand were observed as well as scattered wood fragments and
organic material.

Vashon Till. This layer consists of an unsorted mixture of silts, clays, gravel, cobbles, and occasional
scattered boulders. The unit is compact and very hard or dense because of loading of as much as

17203-54 ._".'
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3,000 feet of overriding ice during the last glaciation. This unit was generally at the surface in
explorations at the top of the slope and was up to 56.5 feet thick, as observed in HC-1. The upper 10 to
15 feet of the till appeared weathered.

Advance Outwash. This unit generally underlies the Vashon Till and consists of dense sand, gravelly
sand, and slightly silty, gravelly sand. The sand is compact and less cohesive because it lacks fines. This
material varied from about 0 to 30 feet thick in explorations at the top of the slope. In general, the unit
appears to be thicker to the north and may have been completely eroded by the Vashon Till in areas to
the south. Perched water is frequently encountered in this material overlying fine-grained Lawton Clay
below.

Lawton Clay. This unit underlies the Advance Outwash and generally consists of massive, hard clay and
silt, with scattered silty sand and sand layers. The fine-grained materials (silts and clays) are less
permeable, resulting in perched groundwater at its contact with the overlying Advance Outwash. This
unit was 116 feet thick in HC-1, which was the only boring at the top of the slope deep enough to drill
through the unit. While known to be relatively strong, Lawton Clay can weaken when exposed to
water. Slickensides were observed on exposed outcrops during the field reconnaissance and in
samples collected from exploration HC-1.

Pre-Fraser Nonglacial Fluvial Deposits. Pre-Fraser nonglacial fluvial deposits underlie the Lawton Clay
on the eastern slope, the Colluvium in the Upper Bench and the Fill in the Lower Bench. This unit was
observed in the borings in the Lower Bench and HC-1. Underlying the Colluvium on the Upper Bench
and Fill on the Lower Bench, this unit consists of loose to very dense, moist to wet, gray to dark gray,
none to gravelly, none to silty sand and none to silty, sandy gravel. Scattered shell fragments and trace
scattered organic material were observed in this unit in the Lower Bench explorations. In HC-1, located
on top of the east hillside, the fluvial deposits consisted of layers of very dense silty sand, clayey sand,
and sand that alternated with lacustrine deposits (described in the next paragraph) from 175 feet bgs
to the bottom of boring HC-1 at 248.5 feet bgs.

Pre-Fraser Nonglacial Lacustrine Deposits. This unit was observed to alternate with fluvial deposits
(described in the previous paragraph) within the borings located in the Lower Bench. This unit consists
of medium dense, wet, olive gray, silty sand to stiff to very stiff, sandy silt. Traces of scattered shell,
gravel, and wood fragments were observed. In HC-1, located on top of the east hillside, nonglacial
lacustrine layers of hard silt and clay alternated with fluvial deposits from 175 feet to the bottom of
the boring at 248.5 feet bgs.

5.1.3 Groundwater

Our understanding of groundwater conditions at the site is based on field reconnaissance,
observations reported during drilling, and VWP and water level measurements completed by Hart
Crowser and others at the site. Groundwater conditions on the Upper and Lower Benches and the
eastern slope are described in the following sections. The focus of our reconnaissance and VWP
measurements was on the eastern slope. Our understanding of the groundwater conditions below the
Upper and Lower Benches is from our 2010 analysis (Hart Crowser 2010). Note that measured
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groundwater levels are representative for the times indicated. Fluctuations in groundwater levels may
occur because of variations in rainfall, tides, temperature, seasons, and other factors.

Perched groundwater can result from infiltrating groundwater encountering a low-permeability soil
layer and building up as groundwater slowly flows laterally on top of the low-permeability layer. Soil
layers below the low-permeability layer may not be saturated.

Confined groundwater conditions result when groundwater in a high-permeability soil layer wants to
rise above the bottom of an overlying low-permeability layer. Groundwater pressures build up in the
high-permeability layer because vertical flow is impeded. Soil layers above the confining low-
permeability layer may not be saturated. Groundwater head is a measurement used to represent the
groundwater pressure measured in soil pores, often referred to as pore pressure. Groundwater head is
the height the groundwater would rise to in an open standpipe above the point at which the
groundwater pore pressure is measured.

5.1.3.1 Upper Bench

Exploration B09-1 was advanced in December 2009. At the time of drilling, groundwater was
encountered at a depth of 2.5 feet. This corresponds to an elevation of 44.5 feet.

As shown on Figure 3, several monitoring wells were previously advanced on the Upper Bench. The
explorations shown on Figure 3 are 20 feet deep or greater. Water level was measured at the site on
October 5, 2009, in monitoring wells MW-95 and MW-122. At that time, the groundwater in MW-95
was observed at an elevation of about 40 feet. Artesian flowing conditions were observed at MW-122,
as indicated by water flowing from the top of the monitoring well. Artesian flowing conditions occur
when groundwater is confined and groundwater pressures increase enough to cause groundwater to
rise through the well and flow at ground surface. The ground surface elevation in MW-122 is
approximately 48 feet.

5.1.3.2 Lower Bench

In Lower Bench explorations B09-2 and B09-3, groundwater was observed in BO9-2 only, at a depth of
1.5 feet bgs in December 2009. This corresponds to an elevation of 5.5 feet. The soil was wet in B09-3
starting at a depth of 7.5 feet bgs, which corresponds to an elevation of approximately 3.5 feet.

In the vicinity of B09-2, several monitoring wells were previously advanced at the site, as shown on
Figure 3. The explorations shown are 20 feet deep or greater. Hart Crowser measured water levels
between October 5 and 7, 2009, for MW-42, MW-103, and MW-110. At that time, the groundwater
elevation was between about 5 to 8 feet bgs.

5.1.3.3 Eastern Slope

Soil Boring Measurements. In exploration HC-1, located at the top of the north part of the eastern
slope, perched groundwater was encountered at 186 feet elevation at the time of drilling.
Groundwater was encountered in HC-10, HC-11, and HC-12 at elevations of 166, 130, and 46 feet,
respectively, at the time of drilling. VWPs were installed in all but boring HC-12 after drilling using the
grout-in method. The VWPs were placed in HC-1 to monitor groundwater conditions at the contact
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between the weathered and unweathered Vashon Till (229-foot elevation), within the Advance
Outwash overlying the Lawton Clay (184-foot elevation), and in water-bearing silty sand and sand
layers within the Lawton Clay (129- and 89-foot elevations). VWP’s at the south part of the eastern
slope in HC-10 were placed at 30, 60, and 90 feet bgs (elevations shown in Table 2), and placed in
HC-11 at 30 feet bgs (elevations shown in Table 2). Water levels were measured in HC-1, HC-10, HC-11,
and HC-12 as shown in Table 2 and on Figures 7 to 9. Because of the relative permeability of the soil
layers, groundwater measurements indicate perched and/or confined conditions, and not all layers

below the reported groundwater depth or elevation are saturated.

Table 2 - Vibrating Wire Piezometer Water Level Measurements

Approx. Ground VWP Measured Groundwater

Boring Surface Elevation Head in Groundwater Elevation in
ID Elevation in Feet in Feet! Date Feet Depth in Feet Feet
5/6/2015 7.6 6.4 236.6
229 5/21/2015 6.9 7.1 235.9
5/26/2015 6.9 7.1 235.9
5/6/2015 39.0 19.8 223.2
184 5/21/2015 40.0 18.7 224.3
HC-1t 243 5/26/2015 40.5 18.3 224.7
5/6/2015 55.3 58.7 184.3
129 5/21/2015 57.2 56.8 186.2
5/26/2015 58.0 56.0 187.0
5/6/2015 38.4 115.6 127.4
89 5/21/2015 38.2 115.8 127.2
5/26/2015 38.4 115.6 127.4
151 3/23/2018 16.8 12.6 167.4
HC-10? 180 121 3/23/2018 5.1 54.5 125.6
91 3/23/2018 6.5 82.9 97.1
HC-112 142 112 3/23/2018 22.1 7.5 134.5
HC-12° 47 31 3/23/2018 18.7 -2.2 49.2

Notes:

1. HC-1 VWPs installed on 4/22/15.

2. HC-10, -11, and -12 VWPs installed on 2/22/18, 2/26/18, and 2/19/18 respectively.

Groundwater heads measured at the VWP elevations were higher than anticipated based on
piezometer measurements at the Woodway Landslide, which were typically about 8 feet or less as
measured near the top of the Lawton Clay (Savage et al. 2000) and about 18 feet in a sand layer
underlying the Lawton Clay (Landau 1998). Before installing the VWPs, we took measurements from
each VWP in a 5-gallon bucket of water, which confirmed the VWPs were functioning properly. We
also allowed sufficient time for the grout to set, as indicated by VWP temperature readings, and the
readings have been fairly consistent over time, as shown in Table 2. More detailed VWP information,

including raw data and VWP calibration certifications, are in Appendix C.
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Slope Reconnaissance Observations. Numerous seeps, springs, and areas of wet soil were observed
on the slope during our reconnaissance. The locations of surface water observed on the slope are
shown on Figure 5. Surface water was generally observed at contacts above and below the Lawton
Clay, as well as at sand layers and interbeds within the formation. The Vashon Till and the Lawton Clay
are known to have relatively low permeability, resulting in confined and/or perched groundwater;
however, pore pressure measurements from the VWPs and observations of seeps and springs along
the slope indicate the presence of these water-bearing zones within these units. Our groundwater
measurements and field observations suggest that multiple groundwater zones are present on the
hillside.

We observed numerous streams that may be seasonal on the hillside above the site. Because of dense
vegetation on the slope, the origin of most of the small streams was not determined, so it is unclear
how much flow is due to stormwater runoff and how much is due to groundwater flow from seeps and
springs. Stream discharge near the bottom of the hillside was generally approximately 5 to 10 gallons
per minute or higher in the larger creeks at the time of our observations in April and May 2015. The
larger drainages, Drainages 1 and 2 (Figure 2), started at the top of the slope and were primarily fed by
runoff.

A relatively large, roughly contiguous area of wet soil and scattered ponded surface water was
observed on the eastern slope near the abandoned access road (Figure 5). The access road fill and
compacted base material appear to be damming surface water on the slope, creating small ponds and
large areas of wet soil. Surface water in this area likely originates from the Advance Outwash and from
sandy layers and joints within the Lawton Formation.

Water-bearing sand layers and joints were observed in the Lawton Formation, as confirmed by the
pore pressure readings from VWPs placed in HC-1 (Table 2) within sandy zones of the formation. Field
observations of exposed Lawton Formation confirmed the presence of joints and thin sand layers.
Similar observations were made during investigations of the Woodway Landslide to the north (Landau
1998); however, the post-landslide groundwater pore pressures were lower at the Woodway
Landslide than those recorded at HC-1 in the eastern slope above the site.

Near the bottom of the slope, approximately 150 feet east of the railway at an elevation of roughly
65 feet, a confined layer of wet sand was observed in hand auger boring HA-4. The water was initially
observed at 7.5 feet bgs within a sand unit and quickly rose to apparent equilibrium at 2.5 feet bgs,
indicating pore pressures in the sand were confined by the overlying silty clay.

Near the bottom of the slope, a retaining wall extends along a portion of the BNSF tracks and
intercepts the creeks that drain the hillside, channeling the water into a culvert east of the railway.

5.1.4 Site Topography

The Upper and Lower Benches are generally flat, but the slope east of the railway rises approximately
150 to 200 feet. Site topography is shown on Figure 2 and LiDAR imagery is shown on Figure 5. The
majority of the slope is steeper than 33 percent (3H:1V), and is designated a landslide hazard area
under the Snohomish County Code (SCC 30.62B.340), as shown on Figure 10; including setbacks from
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the 2007 SCC 30.62.340 vested for this project. However, the steepness of the slope varies
considerably. LiDAR-derived slope calculations for the site and the east hillside are shown on Figure 11.
Slope profiles through representative sections of the site and slopes to the east are shown on Figure 4.
The overall slopes are less steep moving from north to south.

In general, steeper slopes and vertical scarps were encountered in the northern portion of the slope,
adjacent to Drainages 2, 3, and 4, which are located in the middle and northern portion of the slope
(Figure 2). A near-vertical, approximately 50-foot-high bluff is at the top of the northwest slope, just
west of residential homes. Throughout the site, the steepest slopes were generally adjacent to
drainages or along the upper 1/5 of the slope of the bluffs.

The main portion of the Lower Bench is generally flat, with approximately 10 feet of elevation change
across the area. The Upper Bench is also generally flat with only a few feet of elevation change across
the area.

5.1.5 Slope Reconnaissance

We conducted field reconnaissance of the site with a primary focus on the condition of the steep
slopes east of the BNSF railroad tracks. No significant rainfall had occurred in the previous week. The
SCC, Section 30.62B, requires the geotechnical study to include specific information relevant to the
geologic hazards. The following section provides relevant information for landslide hazards based on
our field reconnaissance. Figure 5 shows LiDAR-derived surface topography and important features
observed during our reconnaissance. In Figure 5, “recent” landslide activity refers to observed
evidence of slope movement interpreted to have occurred within the last 20 years, and “historical”
refers to observed evidence of older landslide activity.

Observed Landslides or Downslope Soil Movement. Evidence of historical landslide activity was
observed during our field reconnaissance of the steep slope east of the BNSF railroad tracks. Above
the site, between Drainages 1 and 2, evidence of slope movement was observed, as indicated by
pistol-butted leaning or dead trees and hummaocky topography. It is unclear whether activity in this
area is related to a deep rotational slide as described in a 2004 geotechnical report (Earth Consultants
2004) or a result of ponded surface water and highly saturated soil resulting in localized shallow
rotational slides, sloughing, and small debris flows. Shallow landslides are more typical in Puget Sound
bluffs and generally do not travel as far as deep-seated slides (see Potential Landslide Travel
Distance/Runout in Section 5.1.6.1). Additional explorations and slope instrumentation (e.g.,
inclinometers) could be used to better characterize this area during design.

The abandoned asphalt access road connecting historical Chevron operations on top of the hillside to
the terminal below may be contributing to the extremely wet soil conditions generally observed in the
area. The roadway and compacted base material appear to be damming surface water on the slope,
creating small ponds and large areas of wet soil. It is not clear whether the road was abandoned
because of landslide activity. The road is now barely recognizable because portions have been
transported down the slope by erosion and localized instability, and the road is covered by dense
vegetation.
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As documented in our preliminary geotechnical engineering study (Hart Crowser 2010), a clearly
defined head scarp or crest was observed on the slope east of the Upper Bench. Immediately below
the scarp, an oversteepened slope was observed, followed by hummocky terrain to the toe of the
slope. We observed trees of similar ages grouped together, trees leaning downslope (indicating
downslope soil movement), and trees tilted upslope (indicating potential soil block rotation as part of
landslide activity). These observations are consistent with the landslide descriptions from the coastal
atlas of the area (Ecology 2004), as shown on Figure 12.

Our observations found recent landslide activity to be primarily confined to the immediate vicinity of
the drainages and likely the result of erosion at the toe of the slope and saturated soil conditions
resulting from seeps and springs on the hillside. Examples of these slides are shown in Photographs 1
and 2.
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Evidence of larger block slides and bluff erosion was observed along the northern portion of the upper
bluff. At the base of the upper bluff, where the Advance Outwash-Lawton Clay contact could be
observed, seeps within the Advance Outwash formed a small creek (Photograph 3).

3 g 3
o 4 B 5; 7 f £ )

Photograph 3: Creek forming from seepage at the Advance Outwash-Lawton Clay contact.

Evidence of older, large rotation and block failure landslides were observed adjacent to drainages in
the northern and southern portions of the hillside, but none appeared to have been large enough for
landslide debris to reach the site. In general, as indicated in cross Section B-B’ (Figure 8), colluvium was
widespread on the slope, indicating relatively frequent historical landslide activity.

Along the toe of the slope and at a wood retaining wall, evidence of surficial, slow downslope
movement (i.e., creep) was observed east of the BNSF railroad tracks, as shown on Figure 2. In some
locations, a small amount of soil had eroded from behind the wall. In some areas, the wall itself
appeared to bulge out slightly because of soil movement.

A concrete ecology block wall was observed at the toe of the slope in the Upper Bench area during our
2010 reconnaissance. Its presence suggests that soil needed to be retained in this area because of
cutting of the toe of the slope and/or past landslide activity. The slope in this area was not explored
during the site visit because of access limitations.

Significant Geologic Contacts. Because of slope vegetation, observation of significant geologic
contacts was limited. As mentioned above, Vashon Till, Advance Outwash, and Lawton Clay were
observed in the upper portion of the hillside and generally correlated with drilling observations.
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In the lower third of the slope, a contact was observed between the pre-Fraser Formation and the
overlying Lawton Clay during the 2010 reconnaissance. Hand auger boring HA-4 appeared to
encounter Pre-Fraser or Whidbey Formation sands underlying the Lawton Clay.

In other areas of the slope, exposed soil appeared consistent with expected geology, as shown on
Figure 6. On the slope between the Upper Bench and the BNSF railroad tracks and south of the
abandoned bridge, an exposed colluvium face was observed. The presence of the colluvium is
consistent with the area being the site of past landslide activity. In Drainage 2 (Figure 2), a near-vertical
exposure of Lawton Clay was observed at approximately elevation 150 to 170 feet. Overlying this unit,
wet sand and seeps were observed within the Advance Outwash. These exposures are consistent with
the geologic map of the area.

Location or Evidence of Any Springs, Seeps, or Other Surface Expressions of Groundwater. As
discussed Section 5.1.3, numerous springs and seeps were identified on the eastern hillside. Large
areas of wet soil and surface water were observed in several areas on the slope, near the abandoned
Chevron access road. The observed seeps and springs appear to be primarily flowing from Advance
Outwash sand overlying the Lawton Clay and from sand layers and joints within the Lawton Formation.
Pooled water was observed at the toe of the slope located along the east side of the BNSF railroad
tracks.

During our field reconnaissance, we identified two primary drainages (Drainages 1 and 2) extending
from the top to the toe of the slope, as shown on Figure 2. Two additional drainages (Drainages 3 and
4) were located north of the primary drainages and did not appear to extend to the top of the slope,
although this was not verified in the field because of dense vegetation and steep slopes. The estimated
extent of the creeks is shown on Figures 5 and 11. Seeps and springs appear to account for a large
portion of the water in all the drainages, particularly in the northern portion of the hillside.

Location or Evidence of Any Surface Water. Streams in Drainages 1 and 2 were observed to originate
from upslope runoff. Drainage 1 originates from a retention pond at approximately elevation 175 feet.
Immediately below the retention pond, a 6-inch-diameter pipe was observed to be leaking into the
stream at a rate in excess of roughly 10 gallons per minute. Drainage 1 empties into a 6-foot-deep
retention pond on the northeastern part of the Upper Bench. At the time of the field visit, the
retention pond was full and water was continuously flowing through it, despite the lack of recent
rainfall.

Drainage 2 begins at approximately elevation 235 feet, where a storm drain discharges to the surface
near the private property gate at the end of 238th Street Southeast, as shown in Photograph 4.
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=

Photograph 4: Surface runoff at gate to the private property at the top of the slope, above Drainage 2.

Surface water was observed west of the existing detention pond on the Upper Bench during our 2010
investigation. The water was observed to have migrated to the surface from below existing asphalt.
We understand previous test results indicated the water was most likely linked to a water pipe in the
perimeter of the Upper Bench.

During our 2010 investigation, an unidentified pipe was observed on the slope between the Upper
Bench and the railroad tracks. At the time, water was visible flowing from the pipe and ice was present
on the ground below the discharge.

Numerous pipes that are mostly buried and likely related to historical Chevron activities at the top of
the slope were observed near Drainage 1. As mentioned above, one of these was leaking near the
upper retention pond, as shown in Photograph 5. It is unclear whether water is conveyed through the
other pipes.
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Photograph 5: Leaking pipes below retention pond in Drainage 1.

Extent and Type of Vegetative Cover. The vegetation on the slope generally consisted of mature
deciduous trees and second-growth conifers. The understory is heavily vegetated with brush and small
trees. In areas near seeps, hydrophytic plants such as horsetail, cattail, and watercress were observed.

5.1.6 Steep Slope Assessment

In general, landslides on steep slopes adjacent to Puget Sound are common. Coastal bluff erosion is an
ongoing, natural process. Our investigation and numerous previous geotechnical and slope
assessments have been completed in the vicinity of the site and along other coastal bluffs in the
region. Landslides of varying sizes have occurred on the slope above the site and will continue to occur
unless engineering controls are put in place to stabilize the slope.

Our field reconnaissance identified many areas where landsliding has occurred or is ongoing. In
general, most of the recent slope movement appears to be related to wet surface soil, seeps, and
surface water erosion, which causes small block failures, localized rotational slides, and surface
sloughing, as shown in Photographs 1 and 2. However, evidence of larger landslides was observed on
the steeper bluffs located northeast of the site and above the Upper Bench. It is unknown whether
runout from these larger slides reached the site.

Wet weather and similar subsurface conditions likely triggered these larger slides. In both areas, sand
with a relatively high hydraulic conductivity underlies the relatively impermeable Vashon Till and the
fine-grained layers within the Lawton Clay. It appears likely that increased pore pressures in these sand
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layers resulted in increased groundwater flow from the formation to the surface as springs or seeps
and decreased soil strength. Under these conditions, increased rates of erosion undermine the
overlying material, generally causing surface sloughing or localized shallow landslides. If the erosion
becomes severe enough, block failure landslides can occur if a large section of the overlying material
becomes undermined. If pore pressures build up high enough behind the face of the bluff, deep-
seated landslides may be triggered.

Large, deep-seated landslides have occurred in the vicinity of the site. The well-documented Woodway
Landslide, approximately 1,500 feet north of the site and shown in Photograph 6, is an example of the
type of large, deep-seated landslides that occur on Puget Sound coastal bluffs. The Woodway slide
followed a prolonged period of heavy precipitation, which resulted in increased water infiltration into
the subsurface, increased groundwater pore pressures, and reduced soil strength; these combined
factors are believed to have triggered the landslide (Landau 1998 and Savage et al. 2000). Based on
finite element slope stability modeling, Savage et al. estimated the slide was triggered when the
accumulation of perched groundwater above the Lawton Clay increased to about 16.5 feet from its
typical 8 feet measured over a period of 2.5 years after the slide occurred.

000925123838

Photograph 6: 1997 Woodway Landslide in 2000 (Ecology 2002).
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5.1.6.1 Slope Stability Analysis
Many factors affect the stability of slopes including:

Soil strength;

Angle of existing slope;

Slope height;

Static loads/surcharges on or above the slope;
Seismic earthquake loadings; and
Groundwater conditions.

We analyzed slope stability along Sections B-B’ (in 2015) and G-G’ (in 2018) shown on Figures 2 and 3.
The cross sections with the steepest topography were selected since they appear to represent the
most critical slope conditions and are near geotechnical borings, and water level wells/VWPs. We
performed slope stability analysis on Section B-B’ which is a tall, steep section of the bluff adjacent to
the site at the north end to provide a preliminary assessment of the risk and impact of a potential
deep-seated landslide similar to the Woodway Landslide to the north of the site. We analyzed slope
stability at Section G-G’, which was identified as the critical section through the proposed Secondary
Access Road above the upper bench at the southeast part of the site. Additional slope stability
evaluations will be needed to assess other areas of proposed development during design.

We performed limit equilibrium stability analysis using the computer program SLOPE/W Version 8.11.1
(Geo-Slope International 2013) for the 2015 analyses. We used the program SLIDE 2018 (Rocscience,
Inc.) for our current (2018) analyses. The analysis method calculates the ratio of resisting forces to
driving forces (i.e., factor of safety or FS) to aid in determining if a specific set of conditions achieves
“stable” conditions. A factor of safety of 1.0 or less indicates unstable conditions. We used the
Morgenstern-Price method (satisfies both moment and force equilibrium) for slope stability analysis to
search for rotational circular surface failure mechanisms, in both programs.

Soil properties used in the analyses were interpreted from the borings near each section and are
shown in each stability figure. Piezometric surfaces in the slope were identified by the VWPs installed
in the borings. We used the topography, soil stratigraphy, and soil parameters shown on Figures 13 to
17 for 2015 analyses and on Figures 18 to 25 for 2018 analyses. These properties were estimated
based on our field observations, typical soil properties for the same or similar geologic units in the
Puget Sound region, and our local experience with similar soil types.

Section B-B’ North, High, and Steep Bluff Slope. The stratigraphy for the slope stability section
includes the assumed presence of sand layers within the Lawton Clay to model the influence of the
measured groundwater pore pressures. Because these sandy, higher-permeability layers are perched
and/or confined layers with little evidence of static groundwater in the lower-permeability Vashon Till
and massive clays in the Lawton Clay, pore pressures were only applied to the higher-permeability
layers in which the pore pressures were measured. The four piezometric lines shown on Figure 13 for
Section B-B’ were only applied to the adjacent sandy layers in the model. The piezometric heads, or
pore pressures, are based on the measurements in HC-1, which is set back about 400 to 600 feet from
where seeps or springs in these layers would occur at the slope face and where potential failure
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surfaces are likely to occur. While we anticipate that piezometric heads would decrease toward the
face of the slope where groundwater emerges as seeps and springs at atmospheric pressure, we
conservatively assumed the piezometric lines were approximately horizontal until reaching the slope
face.

We evaluated two cases for a deep-seated landslide for both static and seismic conditions: (1) a
shallower failure of the steepest portion of the profile and (2) a deeper failure of a large portion of the
bluff. The seismic condition was modeled using a pseudostatic approach that applies a horizontal force
coefficient (ky) to the slope to represent forces experienced during a design earthquake. A ki of one-
half the design peak ground acceleration (PGA; see Section 6.2.2.2) equal to 0.168 g was used in the
seismic slope stability analysis.

Slope stability analysis results for Section B-B’ are summarized in Table 3 and shown on Figures 14 to
17. Table 3 shows Section B-B’ slope stability analysis results indicating the effect that groundwater
has on stability at this location. These “drained case” is intended to provide a frame of reference for
the influence of groundwater conditions on slope stability. The estimated factors of safety indicate the
slope is marginally stable to stable under current conditions and the estimated groundwater heads.
However, the estimated seismic factors of safety are less than 1, indicating a slope failure would occur
for the assumed ground acceleration and groundwater conditions. The results suggest slope drainage
would generally be affective to achieve the minimum factors of safety required in the SCC.

Table 3 - Summary of Slope Stability Factors of Safety

Factor of Safety (FS)
Section | Scenario (Piezometric Surface Estimated from VWPs)
Static Pseudostatic
Existing Conditions - Shallow Slip Surface 1.11 0.82
" Existing Conditions - Deeper Slip Surface 1.29 0.87
\—| [an] — — -
S | o Existing Conditions - _Shallow Slip Surface 1.40 111
(No Groundwater/Drained Case)
Existing Conditions - Deeper Slip Surface 168 119
(No Groundwater/Drained Case) ) )
Existing Conditions - Shallow Slip Surface 1.26 0.86
Proposed 2 Walls - Shallow Slip Surface
® | i (50 k/ft shoring force) LS U
b= 7 T - -
& | © | Proposed Wall + Backfill - Medium Depth Slip Surface 1.97 111
(78 k/ft shoring force)
Proposed 2 Walls + Upslope Anchor Block - Medium Depth Surface 2.09 1.13
(50 k/ft shoring force + 60 k/ft anchor block) ) )
Notes:

a. County minimum factors of safety for development in landslide areas are 1.5 for static and 1.1 for seismic
cases per SCC 30.62B.340(3)(b).

b. Figures are included for shaded cells.

Section G-G’ South, Flat, Secondary Access Road Slope. Perched groundwater conditions were
observed with up to three piezometric surfaces observed in the slope at different elevations.
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Conservatively, the highest groundwater surface was applied to the entire thickness of the soil profile
for analyses at Section G-G'.

Slope stability analysis results for Section G-G’ are summarized in Table 3 and shown on Figures 18 to
25. Section G-G’ was first analyzed under existing conditions to provide a baseline for the factor of
safety in the slope. Results show the existing slope is stable under static conditions, but a factor of
safety less than one in pseudostatic conditions indicates unstable conditions are expected in the event
of the design earthquake (Figures 19). These results indicate the need for a permanent retaining wall
to achieve target factors of safety at the Secondary Access Road.

Two retaining wall alternatives were considered to support the slope above the Secondary Access
Road. The first alternative considered two retaining walls on either side of the road. We anticipate this
would require permanent ground anchors for the west wall and an internally stable (tierods to west
wall, mechanically stabilized earth, counterfort, etc.) east wall. The second alternative would have an
anchored west wall, like the first option, and backfill to the existing slope. For both options, the
downslope retaining wall is also adjacent to the Urban Plaza basement at a minimum elevation of

25 feet, creating a retained soil height of about 60 feet high.

First, the two-wall option was analyzed to determine a shoring force on the order of 50 kips per foot of
wall length is necessary to retain the roadway section. After applying this force in the model, our
analyses show the proposed system meets minimum factor of safety requirements under static
conditions but is unstable in pseudostatic conditions (FS<1, Figures 20 and 21). The wall was modeled
as a high strength soil material to prevent internal instability of the retained section, but still allow a
large slope failure through the material. The two-wall concept required additional up slope support of
60 kips per foot of wall (e.g., anchor block and ground anchor in addition to the west wall shoring force
of 50 kips per foot of wall to reach the minimum required factors of safety (Figures 24 and 25).

The one wall with backfill option would require a shoring force of approximately 78 kips per foot along
the retaining wall for internal stability due to the larger amount of material to be retained. The backfill
acts as a buttress to existing slope to increase the factor of safety in both static and pseudostatic
conditions over the existing slope. No additional up slope support is required (Figures 22 and 23).

Both options bring the factor of safety of the proposed roadway location above the minimum
requirements for Snohomish County as shown in Table 3. The wall loads indicated are feasible based
on our local experience with seismic wall loads as high as 190 kips per foot of wall. Both wall options
require appropriate drainage measures (see section 7.1.1).

Potential Landslide Travel Distance/Runout. Models are available to estimate landslide travel
distance, or runout, but they do not account for trees and vegetation, which may become entrained in
the debris flow (Harp et al. 2006). The best available information on runout lengths is measured data
from actual debris flows. The USGS evaluated Puget Sound coastal bluffs from Seattle to Everett
following the significant landslide events of the 1996 to 1997 rainy season, as reported by Baum et al.
(2000).
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Baum et al. mapped 326 landslides in their study, and Harp et al. evaluated the landslide runout data
from Baum et al. The mapped landslides included three shallow earth slides or debris flows on the
slope east of the site and the Woodway Landslide about 1,500 feet to the north of the site. Runout
lengths were measured from the landslide headscarp to the furthest edge of the mapped debris
downslope. The three mapped landslides adjacent to the site were of similar size, had a runout length
of about 155 feet, and did not reach the toe of the slope. The Woodway Landslide had a runout length
of about 770 feet, and the landslide debris extended about 425 feet from the toe of the slope across
the BNSF railroad tracks and into Puget Sound. The Woodway Landslide was one of two landslides in
the study with a runout length greater than 650 feet. The average (50th percentile) runout length of
the landslides studied was about 200 feet, and the 90th percentile runout length was about 330 feet
or less. The Baum et al. study represents a small sample size, because it primarily includes landslides
occurring over a single rainy season during which landslide activity was primarily associated with two
significant rain events, one in January and one in March (Harp et al. 2006). However, the study
provides some of the most valuable information on landslide runout for the coastal bluffs in this
stretch of Puget Sound.

While subsurface conditions in the slope east of the site appear similar to those at the Woodway
Landslide, the overall slopes adjacent to the site appear flatter than the Woodway Landslide site was
estimated to be prior to sliding. As shown on Figure 4, the average slope gradient of Section B-B’ is
about 40 percent east on the hillside at the north end of the site, and slopes generally appear to
flatten moving south (20% average at Section G-G’). Savage et al. (2000) estimated the pre-failure
slope gradient at the Woodway Landslide was about 70 percent, and we estimated similar pre-failure
slope gradients of about 60 to 80 percent from the USGS Edmonds West Quadrangle Map. Using the
same map, we checked the slope of Section B-B’; our results using the map are similar to slopes
described in the profile from the site survey.

6.0 GEOLOGIC HAZARDS

The SCC includes requirements for the protection of critical areas according to the Growth
Management Act (RCW 36.70A.060 and 36.70A.170). Our geotechnical study addresses critical areas
that are geologic hazards. Specific standards are provided in Critical Area Regulations (CAR) Section
30.62B.300 for treatment of erosion, landslide, seismic, mine, volcanic, and tsunami hazard areas. The
following sections describe applicable geologic hazards and their potential impacts to the proposed
development. Figure 10 shows the geologic hazard areas relevant to the site.

Because of the distance between the site and known mine and volcanic hazards, the risk for these
particular hazards is low for the Project site. Potential hazards associated with sea level rise and
coastal/shoreline erosion from wind and wave energy are addressed in a separate technical report by
Moffat & Nichol (2018).

The following section describes the impacts of the proposed development on geologic hazard areas, as
well as the potential impacts of the geologic hazard areas on the proposed development. Preliminary
considerations for mitigating these impacts are discussed in Section 7.
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6.1 Landslide Hazard Areas

SCC 30.62B defines landslide hazard areas as “areas potentially subject to mass earth movement based
on a combination of geologic, topographic, and hydrologic factors, with a vertical height of 10 feet or
more.” This includes areas with slopes that are steeper than 33 percent, where the geologic contacts
are susceptible to landslide activity, and where springs or groundwater seeps are present. Landslide
hazard areas also include areas of historical landslide activity and areas susceptible to undercutting by
waves.

According to the SCC, a structural setback is required from the top and bottom of the slope unless the
County approves a deviation. The toe of the slope is defined by SCC 30.91S5.390 as the lowest first
significant and regular break in the slope. The top of the slope is defined by SCC 30.915.400 as the top
of the first significant and regular break in a slope. The minimum top of slope setback is 50 feet, or the
height of the slope divided by three. The minimum toe of slope setback is 50 feet, or the height of the
slope divided by two. Figure 10 shows the landslide area and setbacks from the top and toe of slope
based on a slope height of 200 feet.

Impact

The impact of the development to the site can be mitigated, provided that appropriate setbacks
(which may be greater than the code minimum) or engineering solutions are used. Slope stabilization
measures to minimize impact to the slope are described in Section 7.

Lower Bench. Development of the Lower Bench would have minimal impact to the existing slope
conditions. The proposed development generally appears to be outside the standard code setback
distance. Based on the estimated landslide runout (distance traveled) lengths measured from the
landslide scarp in Harp et al. (2006) for the 50th percentile (average) and 90th percentile, it is not
anticipated landslide runout would reach the Lower Bench if a static slope failure occurred. However,
if a landslide on the scale of the Woodway Landslide were to occur (greater than 99th percentile), the
landslide runout would reach the proposed development. In general, as the slopes become less steep
overall from north to south, the potential impact from the landslide hazard area likely decreases. The
retaining wall on the west side of the railroad to retain site grades as much as 30 feet above existing
grades site would prevent most landslide runout from affecting the development on the Lower Bench.
Additional evaluations would be needed during design to better assess potential landslide runout and
design mitigation for the different areas of the slope and development.

For the seismic case, the anticipated runout is less clear because Harp et al. (2006) is based on extreme
weather events rather than on a seismic event, and these two events would typically not be combined
for design given the low probability of the two events occurring at the same time. Additional
investigation and analyses would be needed during design to better define groundwater conditions
(e.g., additional borings and piezometers) and better assess the likelihood of a seismic failure and
anticipated seismic slope displacement.
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Upper Bench. Development of the Upper Bench would impact the existing slope conditions. Portions
of the proposed development would be inside the standard code setback distance. Because the Upper
Bench is directly at the base of a section of shorter steep slopes that have slid in the past, slope failures
above the Upper Bench would likely result in potential landslide debris runout reaching the proposed
development without any retaining walls. Excavation at the Upper Bench at the toe of the adjacent
steep slopes would be required for below-grade structures. The temporary shoring for excavation and
permanent retaining structures would be designed to accommodate the proposed development and
mitigate landslide hazards. Retaining walls required for the Secondary Access Road would improve
slope stability as discussed below.

Secondary Access Road. Development of the Secondary Access Road on the slope face would affect
the existing slope conditions. Grading would be performed on or adjacent to steep slopes and
observed recent landslides. Areas of cut and fill would be necessary, and drainage along the
alignments would likely be impacted and require mitigation. Adding a Secondary Access Road would
increase impervious surfaces on and adjacent to the landslide hazard areas. Surface water drainage
controls would be designed to prevent increased risk of landslides from surface water runoff
associated with the Secondary Access Road. Specific impacts to landslide hazard areas are discussed
below.

B The road would cross steep slopes and cross through a historical landslide area immediately above
the Upper Bench. The alignment would include grading on the steep slopes over about 600 feet,
which would include up to about 20 feet of fill and 8 feet of cut. However, most of the alignment
would be on shallower slopes, so minimal grading would be necessary.

B Temporary construction disturbance would be significantly less than that associated with
secondary along the former abandoned road farther north on the east slope.

B The proposed embankment and associated retaining wall at the base of the steep slope above the
Upper Bench (about 40 feet above existing grades) would increase slope stability.

B The proposed fill and wall would cut across Drainage 1, and the design would accommodate slope
drainage (e.g., convey to new creek inlet structure moved further upstream from current
location). Drainage of the existing slopes would be accounted for in the design so that the stability
of the existing and proposed slopes would achieve stability factors of safety noted in Table 3.

B Additional slope stabilization measures, such as surface water and groundwater controls, may be
necessary to mitigate potential deep slope instability that may affect the proposed road.

6.2 Seismic Hazard Areas

The site is in a seismically active area. In this section, we describe the seismic setting at the Project site,
discuss potential development of a code-based design response spectrum, and discuss seismically
induced geological hazards.
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6.2.1 Seismic Setting

The seismicity of Western Washington is dominated by the Cascadia Subduction Zone (CSZ), in which
the offshore Juan de Fuca plate is subducting beneath the continental North American plate. Three
main types of earthquakes are typically associated with subduction zone environments—crustal,
intraplate, and interplate. Seismic records in the Puget Sound area clearly indicate the existence of a
distinct shallow zone of crustal seismicity (e.g., the Seattle Fault) that may have surficial expressions
and can extend to depths of up to 25 to 30 kilometers (km; 15 to 18 miles). A deeper zone is
associated with the subducting Juan de Fuca plate and produces intraplate earthquakes at depths of
40 to 70 km (24 to 42 miles) beneath the Puget Sound region (e.g., the 1949, 1965, and 2001
earthquakes) and interplate earthquakes at shallow depths near the Washington coast (e.g., the 1700
earthquake, with an approximate magnitude of 9.0).

6.2.2 Seismic Design

At this time, we assume that seismic design of the proposed development would be in accordance
with the 2015 International Building Code (IBC). The basis of structural design, including retaining
walls, for this code is two-thirds of the hazard associated with the risk-targeted maximum considered
earthquake (MCEg). The basis of slope stability evaluations is also two-thirds of the hazard associated
with MCEg, in accordance with SCC 30.62B.340(3)(b) and standard of practice. IBC refers to ASCE 7-10
for the basis of soil liquefaction evaluation, which is the full maximum considered earthquake
geometric mean (MCEg) peak ground acceleration (PGA) not adjusted for targeted risk. The maximum
considered earthquake for IBC is an earthquake with 2 percent probability of exceedance in a 50-year
time period, which corresponds to an average return period of 2,475 years.

We obtained the seismic hazard from the United States Geologic Survey 2008 National Seismic Hazard
Maps (USGS 2008) for latitude 47.781 and longitude —122.395. This location corresponds most closely
with the middle of the Lower Bench. The parameters for a code-based seismic design provided below
assume Site Class B soil and need to be adjusted using the appropriate site factors for the actual soil
site class, as discussed in the following subsections.

B Risk-targeted maximum considered earthquake (MCEg) seismic parameters for structural design
and slope stability
e Spectral response acceleration at short periods (Ss) =1.262 g
e Spectral response acceleration at 1-second period (S1) =0.495 g

B Maximum considered earthquake geometric mean (MCEg) seismic parameters for liquefaction
evaluation
e PGA=0.500g
e Magnitude=7.0

6.2.2.1 Upper and Lower Benches

Without consideration of liquefaction-susceptibility, the soil site class was determined for the current
explorations advanced in this study. Based on B09-1, the Upper Bench soil were determined to be Site
Class E. However, soil conditions varied across the Upper Bench, and previous borings suggest these
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soils may be classified as Site Class D. Based on B09-2 and B09-3, the Lower Bench soil were
determined to be Site Class D. However, soil conditions varied across the Lower Bench, and some of
the previous borings suggest these soils may be classified as Site Class E. After the building locations
are determined, we recommend advancing location-specific deep borings to better characterize the
soil site class.

We performed liquefaction analyses for the three explorations advanced at the site as part of our
geotechnical study in 2010. We checked our analysis based on the updated 2015 IBC liquefaction
evaluation criteria, and found the results were similar.

The factor of safety against liquefaction in the loose to medium-dense, saturated soil layers was less
than 1.2 in the Upper Bench and Lower Bench locations. In the Upper Bench, layers in the fill and
colluvium were estimated to be liquefiable. One existing exploration (MW-95) on the Upper Bench
suggests low liquefaction potential, but the other exploration (MW-122) suggests high liquefaction
potential. This dichotomy reflects variability in soil conditions observed at the site.

In the Lower Bench, layers in the lacustrine deposit (up to 47 feet bgs) were estimated to be
liguefiable in BO9-2. Isolated layers in the upper 23 feet of B09-3 have the potential to liquefy. The
amount of liquefaction depends on the soil density, type, and saturation. Because the site area is large,
there is significant variability in the amount of liquefaction expected. After the building locations are
determined, we recommend advancing location-specific borings to better characterize the liquefaction
hazard.

Because the site is potentially liquefiable, the soil is Site Class F. A site-specific site response analysis is
required by code for Site Class F sites with building periods of more than 0.5 seconds. Based on the
proposed building heights, we expect that some or all of the proposed mid-rise buildings and towers
are likely to have a fundamental period greater than 0.5 seconds; therefore, a site response analysis
would need to be performed at a later stage of design.

6.2.2.2 Slope

Based on HC-1, HC-10, HC-11, and HC-12 (drilled for this study), the slope soil classifies as Site Class C,
and no potentially liquefiable soil were encountered.

Borings completed by Earth Consultants (2004) along the top of the slope appear to indicate the slope
soil classify as Site Class C or D. Three borings advanced in the slope above the Upper Bench (B-3, B-9,
and B-10) appear to indicate that there are some potentially liquefiable sand and silt layers, depending
on groundwater conditions. The potentially liquefiable soil was identified as wet with zones of seepage
or possible seepage. Groundwater conditions in this area should be confirmed during design (e.g., with
additional piezometers) to assess potential for liquefaction in these layers.

The CDM (2006) borings to the south, but further upslope of the Earth Consultants borings, may have
encountered potentially liquefiable layers, based on soil descriptions (medium dense, wet,
flowing/caving). However, only E-102 included standard penetration test (SPT) data, which did not
start until 20 feet deep.

17203-54 ._".'
April 20, 2018
P HARTCROWSER



Point Wells Redevelopment | 29

For our slope stability analysis, we assumed Site Class C!, based on boring HC-1, drilled at the top of
the selected critical slope Section B-B’ and HC-10 at the top of Section G-G’. Based on 2015 IBC and the
code-based design spectrum, we calculated the following parameters:

B Site Class C short period site coefficient (F,) = 1.0
B Spectral response acceleration at short periods adjusted for site class effects (Sws)
o Sys=FSs=10x1262g=1.262¢g
B Design spectral response acceleration at short periods (Sps)
2 2
e Sps= §5Ms =5X% 1.262g=0.841g
B Design spectral response acceleration at period equal to zero seconds (i.e., design PGA)
o Design PGA=5Spsx04=0841g%x04=0.336¢g

Standard of practice is to assume a seismic (pseudostatic) horizontal acceleration coefficient (ki) of
one-third to one-half of the design PGA for evaluating seismic slope stability (Kramer 1996). For our
seismic slope stability analysis, we assumed a pseudostatic horizontal acceleration coefficient of one-
half the design PGA or

e ky =;Design PGA=3x0.336 g = 0.168

Note that PGA, and thus ky, have not been corrected for slope wave scatting effects as they could be
per NCHRP 2008 and FHWA 2011, which would likely result in lower values.

6.2.3 Seismically Induced Hazards

Development in Snohomish County must meet applicable standards of the IBC and SCC Chapter
30.51A. Potential seismically induced geotechnical hazards at the proposed site include surface
rupture, liquefaction and subsidence, lateral spread, and seismically induced landslides. Our review of
these hazards is based on the existing soil explorations presented in this report and our limited
preliminary evaluations, as well as on our regional experience and knowledge of local seismicity.

6.2.3.1 Surface Rupture

As measured from the middle of the Lower Bench, the site is approximately 12 km (about 7.5 miles)
south of the Southern Whidbey Island Fault, and approximately 20 km (about 12.5 miles) north of the
northern trace of the Seattle Fault (USGS 2006).

1|f Site Class D were assumed, the calculations would be the same, because Fa is also 1.0 for Site Class D at this
site.
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Impact

The probability that these faults would produce surface rupture that would affect the site is low, so
impacts to any of the alternatives from surface rupture are unlikely.

6.2.3.2 Liquefaction and Settlement

When cyclic loading occurs during a seismic event, the shaking can increase the pore pressure in loose
to medium-dense saturated sands and cause liquefaction, or temporary loss of soil strength. This can
lead to surface settlement and lateral spreading (discussed in the following section).

Our liguefaction potential assessment for site-specific borings was discussed in Section 6.2.2.

Lower Bench. We encountered saturated soil in a loose to medium-dense condition in the borings
conducted for this Project. We estimate a high likelihood of widespread liquefaction capable of
causing damage to the Lower Bench. The Palmer et al. (2004) map of liquefaction susceptibility in
Snohomish County indicates high susceptibility for the Lower Bench (Figure 10). This conclusion is in
agreement with our preliminary analysis of the soil characteristics for the Lower Bench.

Upper Bench. The soil observed on the Upper Bench are potentially liquefiable. As Figure 10 shows,
Palmer et al. (2004) indicate this location does not have high liquefaction potential. The discrepancy
may be attributed to the scale at the Palmer et al. study was performed, as well as the variability in the
soil conditions on the Upper Bench; specifically, whether the location was in the colluvium deposit
(MW-122 and B09-1) or in the native soil (MW-95).

Slope. Only limited soil layers in the slopes east of the site appear to be potentially liquefiable (B-3,
B-9, and B-10), depending on groundwater conditions, as previously discussed in Section 6.2.2.2. These
soils are in the slopes above the Upper Bench and adjacent to the potential Secondary Access Road
alignment at the south end of the Upper Bench.

Palmer et al. (2004) show the area of the slope with the abandoned road as having a high liquefaction
susceptibility (Figure 10). This mapped area appears to coincide with a zone Minard (1983) mapped as
landslide deposits, and Palmer et al. may have interpreted this area as having high liquefaction
susceptibility based on the landslide deposits mapped by Minard. However, site observations and the
coastal atlas (Ecology 2004), as shown in Figure 12, did not agree that the unstable areas extended all
the way to the existing road between the top of the slope and residences to the east as mapped by
Minard. Borings at the top of the slope in this area (B-4, B-6, and B-7) do not indicate a high
liquefaction susceptibility. Based on our hand auger exploration (HA-1) in the middle of this area, we
observed about 1 foot of colluvium over native sand. Our qualitative assessment in the field was that
the colluvium was loose and the native soil was dense, consistent with information from borings
drilled at the top of the slope. From this exploration we interpret the thin layer of surficial colluvium
may be potentially liquefiable, but the underlying native soil did not appear to be susceptible to
liguefaction. Additional borings would need to be drilled in this area during design to assess the
potential for liquefaction, since liquefaction on the slope could lead to a slope failure and significant
runout.
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Impact

Potential significant liquefaction-induced settlement or bearing capacity failure of buildings and
infrastructure may occur, if not mitigated. However, mitigation as part of design would be relatively
straightforward and similar to liquefaction mitigation at other sites around the Puget Sound region.
Potential post-earthquake loss of soil strength on the east slope due to liquefaction could result in a
landslide/debris flow of significant runout that could impact development on the Upper and Lower
Benches, where there is a significant thickness of liquefiable soil.

Developing on a site that is potentially liquefiable will require engineering solutions to minimize the
impacts of liquefaction. Several alternatives would be feasible, including a variety of ground
improvement methods or pile-supported structures.

The Secondary Access Road could also be severely damaged or destroyed by liquefaction-induced
settlement or lateral movement, if the alignment goes through or is adjacent to areas with potentially
liquefiable soil. Along the secondary access alignment (upslope to the east from the south end of the
Upper Bench on Figure 2), existing explorations indicate there may be potentially liquefiable soil,
depending on groundwater conditions. For the secondary access alignment, the liquefaction hazard
map (Palmer et al. 2004) indicates potentially liquefiable soil. Additional explorations during design
would be needed to better assess potential for liquefaction, impacts, and mitigation. Potential
drainage impacts of developing the secondary access road would need to be addressed during design
to keep from increasing soil saturation and thereby potentially increasing liquefaction susceptibility.
Feasible drainage concepts are discussed in Section 7.1.1.

6.2.3.3 Lateral Spreading

Lateral spreading is typically associated with slope movement caused by the liquefaction of underlying
soil, or movement of level ground near a sloping shoreline. The site perimeter of the Lower Bench is
currently constructed of retaining walls and shoring. The depth of these elements is reported to
extend up to 25 feet bgs. However, as-built plans or further reconnaissance would be required to
accurately determine the shoring depth. There is no retaining wall around the Upper Bench. Without
considering retaining structures, we estimate lateral spread to be on the order of several to tens of
feet near the existing shoreline, decreasing closer inland. This estimate may be refined using more
sophisticated analysis tools, but a refined estimate is not needed for an EIS.

Impact

The development includes replacing the existing retaining walls landward of their current location to
re-establish the beach for intertidal habitat and redevelop the waterfront area for recreational access.
Lateral spread can affect the stability of the overlying or adjacent structures. Appropriate engineering
solutions will be needed to mitigate lateral spread for structure design, or foundations will need to be
designed for the influence of lateral spread. Non-building elements (e.g., walkway, beach, utilities)
may be affected by lateral spread, and maintenance of these elements will be required. Development
would not increase the likelihood of lateral spreading since ground improvement or deep foundation
methods would be needed to support structures.
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6.2.3.4 Seismically Induced Landslides

Landslides can be triggered by the increase in load from an earthquake or potential weakening of soil
due to liquefaction. Preliminary stability analysis based on estimated groundwater conditions at the
northern third of the slope east of the Lower Bench indicates a landslide would likely occur during a
design seismic event. Similar analysis at the Secondary Access Road at the south part of the east slope
indicate retaining structures will be needed to stabilized slopes for seismic conditions. Additional
analysis would be needed to assess potential for seismically induced landslides at other locations
during design.

Impact

Landslide impacts were discussed in Section 6.1.

6.3 Tsunami Hazard Areas

Tsunami flooding hazards are possible at the site because of the close proximity of Puget Sound.
Tsunami inundation hazard maps are not available for the Project area. We reviewed an available
inundation model for the entire Puget Sound (Koshimura and Mofjeld 2001) and a recently published
tsunami hazard map for Everett, Washington, (Walsh et al. 2014) to provide a general idea of potential
site risks from tsunamis.

Koshimura and Mofjeld (2001) and Walsh et al. (2014) were the only publicly available sources of
information to use to assess tsunami hazards at the site when this report was originally prepared in
2016. Both of these publications model a predicted tsunami based on the maximum credible
event/credible worst-case scenario for the Seattle Fault, which is estimated to be an earthquake with
magnitude 7.2 (Koshimura and Mofjeld 2001) to 7.3 (Walsh et al. 2014). We acknowledge that the
maximum credible event for the Seattle Fault is not the same as the IBC maximum considered event
(MCE). The IBC MCE is based on a USGS probabilistic seismic hazard assessment of several faults,
including the Seattle Fault and the Cascadia Subduction Zone, among others, to estimate an MCE with
an average return period of 2,475 years. The recurrence interval of the maximum credible event for
the Seattle Fault is not well known, but is estimated to be thousands of years. Based on current
knowledge of the interior Puget Sound, the Seattle fault poses the highest potential risk for tsunami
inundation. A tsunami resulting from a Cascadia Subduction Zone earthquake off the coast, which
could have a magnitude of 9.0+ and would result in a much larger tsunami out on the Pacific Coast, is
expected to have less severe effects at the site than would a magnitude 7.2 to 7.3 earthquake on the
Seattle Fault.

From the Koshimura and Mofjeld (2001) and Walsh et al. (2014) models we reviewed, we estimate
increases in water levels near the site due to a magnitude 7.2 to 7.3 earthquake on the Seattle Fault to
be on the order of 1.5 feet to 5 feet, based on the Edmonds location in Koshimura and Mofjeld and the
Central Puget Sound location in Walsh et al., respectively. This estimate is based on the tsunami
occurring while the water is at mean high water (MHW) level, which corresponds to a maximum
expected water level elevation of approximately 15.5 feet at the project site, as shown on Figure 10.
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Should a tsunami occur during a tide higher than MHW, the maximum expected water level elevation
may be higher.

Walsh et al. (2014) also evaluated a less severe, but more likely, magnitude 6.7 Seattle Fault
earthquake; the estimated increase in water level was about 4 inches. This less-severe event is
estimated to have a 5 percent probability of exceedance in a 50-year time period, which corresponds
to an average return period of 975 years. The predicted 4 inches of water level rise in this case is based
on a tsunami occurring during mean tide level (MTL), which corresponds to a water level elevation of
approximately 11 feet at the project site.

Both models indicate the tsunami would arrive about 10 minutes after the earthquake.

He most recent tsunami inundation method is the American Society of Civil Engineers recently
developed a Tsunami Design Geodatabase as part of the ASCE 7-16 building code (ASCE 2016). This
geodatabase provides maximum tsunami runup elevations for magnitude-9 (on the Richter scale) CSZ
earthquake scenarios as well as the Seattle and Tacoma local faults in Puget Sound. The maximum
runup elevation for the site is elevation 14.94 feet, based on MHW. However, this method has not
been adopted by Snohomish County. This elevation agrees well with the maximum elevation of the
methods noted above.

The SCC (1) requires that development activities comply with associated tsunami disclosure and
recording requirements, and (2) encourages developers to follow the recommendations in “Designing
for Tsunamis” (National Tsunami Hazard Mitigation Program 2001).

Impact

Based on the proposed changes in grade for the development, it appears the overall site grades would
be above the estimated increase in water level. Some erosion to beaches may occur, which could be
addressed through maintenance, if necessary. The new seawall will need to be designed to resist the
impacts and potential erosion related to a tsunami, or potential damage to the seawall could be
addressed through maintenance or reconstruction, if necessary.

6.4 Erosion Hazard Areas

In SCC 30.91E.160, erosion hazard areas include areas at high risk of water erosion according to the
mapped description units of the United States Department of Agriculture (USDA) Natural Resources
Conservation Service (NRCS), river-channel migration zones, and shorelines of other waterbodies
subject to wind and wave erosion.

Lower Bench. The USDA NRCS maps the Lower Bench soil as “Urban Land” (Figure 10) and does not
indicate a high risk of water erosion. In general, increased sand and silt content increases the risk of
water erosion. Lower Bench soil are generally sand and gravel; silt content varies. Soil appear to be
generally non-silty to slightly silty (typically less than 12 percent silt) and do not appear to have a
significant water erosion risk, though more silty zones are present.
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The site is not adjacent to any of the rivers with listed migration zones in the SCC; however, it is
adjacent to a shoreline. The current influence of wave erosion on the site and adjacent slopes is likely
low because of the presence of a series of steel sheet pile seawalls, concrete seawalls, and/or riprap
adjacent to Puget Sound along the shoreline. Others are evaluating coastal wind/wave erosion and
shoreline stabilization considerations for the project (Moffatt and Nichol 2018).

Upper Bench. The USDA NRCS maps the Upper Bench soil as “Moderate” erosion hazard (Figure 10).
Upper Bench soil are generally silty sand and silt and appear susceptible to erosion.

The proposed development site is not adjacent to any of the rivers with listed migration zones in the
SCC. Although the Upper Bench is isolated from Puget Sound shoreline and creeks/stream, appropriate
runoff management will be needed during construction to prevent turbid stormwater from entering
the Sound.

Slope. The USDA NRCS maps the slope soil as gravelly sandy loam with “Severe” erosion hazard and. In
general, increased sand and silt content increases the risk of water erosion. Borings at the top of the
slope and on the face of the slope encountered till, outwash, lacustrine clay and silt, as well as loose
granular sand and silt. The loose and wet sand, silty sand, and silt layers are very susceptible to erosion
and appropriate care will need to be taken to use appropriate erosion control best management
practices (BMPs) during construction.

Impact

Lower Bench. Development involves re-establishing the beach and seawall protecting the Lower
Bench from erosion. Protection of the beach and seawall from wave erosion is being addressed by
others (Moffatt and Nichol 2018).

Soil erosion during construction will need be addressed by using appropriate, but common, erosion
and sediment control BMPs.

Upper Bench. Soil erosion due to stormwater runoff during construction will need to be addressed
through erosion and sediment control best management practices (BMPs).

Development includes excavation of about 15 feet of soil from the Upper Bench for construction of the
below-grade structures. These excavations will encounter silty sands and silts that are susceptible to
erosion. Soil erosion during construction will need be addressed by using appropriate, but common,
erosion and sediment control BMPs.

Secondary Access Road. Grading for the secondary access road alignment on the slope will likely
encounter silty sands and silts that are very susceptible to erosion. Because of site grades along the
potential secondary access road alignment, this grading would present a higher erosion risk than
grading in other areas. Soil erosion during construction will need be addressed using appropriate, but
common, erosion and sediment control BMPs. Surface water management will be critical for
secondary access road grading activities, especially if they are performed during the rainy season.
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Temporary construction access roads would be abandoned and mitigated (e.g., revegetated, graded
for positive drainage) after completion of secondary access road construction.

The secondary access road would increase impervious surfaces on and adjacent to the erosion hazard
areas. Surface water drainage controls would be designed to prevent increased risk of erosion from
surface water runoff associated with the secondary access road.

7.0 HAZARD MITIGATION AND PRELIMINARY
GEOTECHNICAL DESIGN AND CONSTRUCTION
CONSIDERATIONS

In the following sections, we describe potential mitigation strategies for proposed development on or
adjacent to the geologically hazardous areas at the site. The mitigation strategies presented are
intended to support development of the EIS and are not design-level geotechnical recommendations.
Once specific building layout and structural loads are available, design-level geotechnical explorations
and engineering analyses will be necessary to develop specific design criteria and recommendations
for the Project.

7.1 Geotechnical Hazard Area Design Considerations and
Mitigation

7.1.1 Landslide Hazard Areas

The slope reconnaissance, existing historical data, and preliminary slope stability analysis suggest that
additional slope stability analyses would need to be performed during design. Groundwater pore
pressures are a key factor in estimating slope stability. Additional investigations (e.g., by advancing
borings and installing piezometers) or analyses should be performed to estimate how groundwater
pore pressures vary perpendicular to the bluff face and along its length. The results of the stability
analyses would be used to design engineering solutions to mitigate slope instability and/or minimize
impact to structures if the slope becomes unstable.

Engineering solutions to mitigate the existing landslide hazards may include:

B Improving slope vegetation; this could help reduce surface water infiltration, erosion, and shallow
sloughing.

B Reducing surface water discharge and/or infiltration onto/into the slope. This could be
accomplished by diverting surface water flow away from landslide hazard areas or piping water to
the bottom of and away from landslide hazard areas.

e Forthe Secondary Access Road, this would likely involve collecting surface water in ditches
upslope of the road and conveying flow to Chevron Creek in lined (or low infiltration) diches or
pipes, or culverts under the road/retaining wall(s) that limit infiltration. The drainage should
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be connected to the existing pipe conveyance of the creek, or other suitable discharge
conveyance at the base of the slope.

e  Existing leaking pipes or drainage on or above the east slope should be repaired to improve
slope stability. This may have to be coordinated with adjacent property owners responsible for
such water sources.

B Retaining walls and associate fill would include subsurface drainage measures such as drainage
layers with perforated collection pipes connected to solid walled pipes to convey water to suitable
discharge points (i.e., existing Chevron Creek conveyance pipe). Subsurface drainage collection
would be designed to be resistant to the effects of freezing (i.e., drainage layers and subgrade
piping below the frost depth).

B Reducing groundwater pore pressures in slope soil. This could be accomplished using horizontal
drains, interceptor trenches, or pumped wells.

B Stabilizing slopes using piles, drilled shafts, tiebacks, soil nails, spiral nails, or other appropriate
technologies, depending on the depth of potential instability. Retaining walls near or at the toe of
the slope could be used to stabilize slopes, and the height of the wall could be increased, with the
top designed as a catchment for shallow, surficial slide debris. Considering the proposed
development geometry for the Upper Bench and subsurface conditions, a soldier pile and lagging
or secant pile wall with tiebacks is one effective option (see Section 5.1.6).

Implementing some of these potential landslide hazard area mitigation strategies effectively may
require easements and coordination with neighboring properties and municipalities. Drainage
improvements may require regular operations and maintenance (O&M), especially for active pumping
systems, to keep them functional. Slope stabilization measures would be designed considering the
design life of proposed structures and would not require regular O&M except for drain line cleaning.

Grading in or adjacent to landslide hazard areas for the potential Secondary Access Road should be
minimized as much as possible. Drainage will need to be designed to minimize or mitigate potential
effects on slope stability. The potential need for slope stabilization measures or use of deep
foundations to support portions of the Secondary Access Road will need to be addressed during
design.

7.1.2 Seismic Hazard Areas

Mitigation of seismic hazards is generally focused on reducing the risk and potential impact of
liquefaction at the site, which appears to be the most significant seismic hazard. The extent to which
mitigation of liquefaction may be mitigated will be determined during design. According to the 2015
IBC, seismic design of buildings is generally based on life safety/no collapse performance criteria.
However, essential facilities (e.g., fire, rescue, ambulance and police stations, and emergency vehicle
garages) are intended to remain operational after an earthquake, so would require greater seismic
performance.
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During design it will be necessary to advance location-specific borings and install piezometers to better
characterize the liquefaction hazard for proposed buildings and infrastructure during design. This
should include additional explorations and testing to assess the presence and extent of the potentially
liquefiable soil for the mapped high liquefaction susceptibility in the recent slide area of the
abandoned access road, slopes above the Upper Bench, as well as areas in the Lower Bench.

7.1.2.1 Ground Improvement

Ground improvement is the modification of in situ soil to achieve desirable soil characteristics. In this
case, loose, liquefiable soil can be modified to increase the soil’s resistance to liquefaction to mitigate
liquefaction induced settlement, loss of strength, and lateral spreading. Several ground improvement
options are described below.

Stone Columns. The stone columns ground improvement technique involves using actuated long
cylindrical-shaped vibrating probe to penetrate and densify loose soil by placing and compacting open-
graded coarse crushed stone in deep columns. In applications related to liquefaction mitigation, stone
columns are typically 30 to 42 inches in diameter and spaced 6 to 10 feet on center. Installation of
stone columns typically densifies liquefaction-susceptible granular soil surrounding the stone columns.
It has been our experience that, in certain cases, stone columns installed within shallow depths can
cause ground heave (thereby loosening rather than densifying surrounding soil) if the fines content of
the soil exceeds 15 to 35 percent. Thus, care has to be taken during the design stage to determine
where this method is used. If this option is considered, we recommend completing more sampling and
laboratory testing to evaluate the feasibility of stone columns. Stone columns can also be used to
support shallow foundation in lieu of deep foundations. It is typical for the stone column contractor’s
engineer who specializes in stone column design to design the stone column layout based on
performance criteria determined by the geotechnical engineer.

Geopiers or Rammed Aggregate Piers. The geopier system consists of augering out undesirable soil to
a depth that reaches underlying, more competent material and then filling the augered hole with
compacted aggregate. For the Project, geopiers should extend at least 2 feet into the bearing soil. A
contractor who specializes in geopiers should design the geopier system. The spacing and distribution
of geopiers depends on the settlement requirements. Typically, geopiers are 24 to 30 inches in
diameter and are spaced 6 to 10 feet on center, depending on loading, settlement, and liquefaction
mitigation requirements.

Grouting and Soil Mixing. Grouting is a ground improvement procedure used to create in situ soil-
cement formations. In compaction grouting, the surrounding soil is displaced and bulbs of
cementatious grout are formed. Jet grouting consists of mixing high-pressure grout with soil to form
soil-cement columns. Soil mixing consists of mechanically mixing grout in the soil with single large-
diameter paddle, triple augers, or a twin cutter-head wheels. The result is a soil-cement “column” or,
using several grouting locations, a soil-cement mass of variable geometry. The geometry and physical
properties of the soil-cement are engineered. Typically, the grouting should be contracted as design-
build to allow the contractor to optimize the installation method.
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7.1.2.2 Overexcavation

The unsuitable soil may also be excavated and replaced by compact structural fill. Because of the
depth of the unsuitable soil, existing contamination, and high groundwater table, this option may not
be economical and will generate potentially contaminated soil and groundwater that requires disposal.
However, some excavation may be required as part of the remediation of contaminated soil (Hart
Crowser 2018).

7.1.2.3 Deep Foundations

As an alternative to ground improvement or overexcavation and replacement, deep foundations can
be used to mitigate seismic hazards. Deep foundation options are discussed in Section 7.4.

7.1.2.4 Groundwater Drainage

As discussed in Section 7.1.1 for landslide hazard areas, drainage of groundwater in slopes with
potentially liquefiable soil could potentially be used to mitigate liquefaction because liquefaction will
not occur if the soil is not saturated. The effectiveness of this potential mitigation would need to be
address during design.

7.1.3 Tsunami Hazard Areas

The proposed increase in grade and reconstruction/relocation of the seawall appear to be effective
mitigation of potential tsunami impacts since new grades are predominantly above the estimated
tsunami highest water elevation of 15.5 feet.

7.1.4 Erosion Hazard Areas

Construction and long-term impacts to erosion can be mitigated through application of erosion and
sediment control BMPs including limiting soil exposure time, limiting disturbance to vegetation,
covering exposed soil with plastic sheeting, and managing surface water.

Permanent landscaping, surface water management, and re-vegetation plans for areas disturbed will
be developed during design.

7.2 Proposed Earthwork

The preferred alternative includes a significant amount of earthwork for excavating the Upper Bench
for below-grade structures and raising grade on the Lower Bench. Our understanding is that about
650,000 cubic yards of material would be imported, about 125,000 cubic yards of clean soil excavated,
and a preliminary estimate of 460,000 cubic yards of excavation associated with site remediation. The
Secondary Access Road alternative also includes areas of cut and fill to accommodate proposed road
grades.

The suitability of excavated site soil for compacted structural fill depends on the gradation and
moisture content of the soil when it is placed. As the amount of fines (that portion passing the No. 200
sieve) increases, the soil becomes increasingly sensitive to small changes in moisture content and
adequate compaction becomes more difficult to achieve. Soil containing more than about 5 percent
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fines cannot be consistently compacted to a dense, non-yielding condition when the water content is
greater than about 2 percent above or below optimum. Reusable soil must also be free of organic and
other unsuitable material.

Explorations indicate that the site soil contain variable percent fines. The excavation of the Upper
Bench, where the most significant excavation is anticipated for below-grade structures, appears likely
to encounter moist to wet silty sand and gravel and silt. Grading for the secondary access on the slope
is likely to encounter moist to wet silty sand and silt. In general, site soil does not appear suitable for
structural fill because of their composition and gradation; however, soil will need to be evaluated at
the time of construction. Site soil can be used for non-structural purposes such as in landscaped areas.
Another consideration for the potential re-use of on-site soil is potential contamination that may be
encountered, which will be addressed in other Project documents (Hart Crowser 2018).

Earthwork will likely be performed with standard excavation, grading, and compaction equipment.
While all earthwork activities benefit from dry weather, timing of the earthwork for the Upper Bench
and Secondary Access Road to coincide with drier periods may greatly facilitate these efforts, due to
the potential for high groundwater below the Upper Bench and significant springs and seeps on slopes.

BMPs will need to be used to manage surface water and control erosion during earthwork. Managing
surface water and controlling erosion will be critical for any earthwork on slopes associated with the
Secondary Access Road.

7.3 Temporary Shoring

The proposed development for the Upper Bench will require temporary shoring for construction of
basement levels below existing grade. The proposed development in these alternatives on the Lower
Bench may also require shoring, though excavations of limited depth could be accomplished with cut
slopes.

Because of the high water table observed in the explorations, a temporary dewatering system would
typically be required in the excavation, or a “water tight” shoring system could