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Subsurface Conditions Report

Point Wells Redevelopment
Richmond Beach, 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 Richmond Beach, Shohomish County,
Washington. An environmental impact statement is being prepared for three alternatives.
Alternative -1 is the Urban Center Alternative; it would include multiple mid- and high-rise buildings,
supporting infrastructure, and open space. Alternative 2, the Urban Village Alternative, is similar to
Alternative 1 but with shorter buildings for fewer residential units. Alternatives 1 and 2 would also
include-a potential Secondary Access Roads-frem-the-east. There are also two No Action alternatives:
Alternative 3a would continue existing industrial use, and Alternative 3b would continue existing
industrial use but expand industrial operations.

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).

Soils 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 hazards areas, as well as the potential
impacts of the hazardous areas on the proposed alternatives, can be mitigated during design. There is
essentially no difference between Alternatives 1 and 2 relative to these geologic hazards.

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
Richmond Beach, Washington (the Project). We understand an environmental impact statement (EIS)
is being prepared for the proposed development. The EIS describes two redevelopment alternatives.
Alternative 1 is the Urban Center Alternative, with 3,081 residential units. Alternative 2 is the Urban
Village Alternative, with approximately 2,600 residential units. There are also two No Action
alternatives: Alternative 3a would continue existing industrial use, and Alternative 3b would continue
existing industrial use but expand industrial operations. This report provides our findings on
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2 | Point Wells Redevelopment

geotechnical aspects of the proposed development of the site and supplements our previous
preliminary geotechnical engineering study (Hart Crowser 2010).

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

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).

2.1 Purpose

The purpose of our work is to assess geotechnical conditions (i.e., geology, soils, 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.; and Exhibit A of “Point Wells
Mixed Use Redevelopment EIS, EIS Preparation Protocols and Guidance,” dated September 17, 2014.

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

B Describe existing soils 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);

17203-54 DRAFT FINAL -+
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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 any 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 soils 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 (Section 7); 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 soils and discussions related to Model Toxics Control Act
cleanup/remediation processes were excluded from our scope; we understand these topics will be
addressed by others in a separate report.

2.3 The Use of This Report

We completed this work in general accordance with our proposal dated October 30, 2014. We
received written authorization to proceed on March 3, 2015. 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 design 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.

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.

1] DRAFT FINAL 17203-54
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4 | Point Wells Redevelopment

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.

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.

17203-54 DRAFT FINAL -+
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Point Wells Redevelopment | 5

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.

Alternative 1. The Urban Center Alternative includes construction of approximately 3.081 million
square feet (ft?) of residential space (3,081 units), 32,262 ft?> of commercial/office space, and 94,300 ft?
of retail space. The Project would also provide passive recreational activity areas, open space, a public
dock, and associated infrastructure. Alternative 1 is anticipated to support approximately

6,200 residents and approximately 500 on-site employees.

As part of this alternative, an Urban Plaza would be developed on the Upper Bench and would include
254 residential units and all of the proposal’s commercial floor space. It would consist of three low-rise
buildings (2 to 4 stories), one mid-rise building (10 stories), and four tower buildings (12 to 18 stories).
The development would include one level below grade over the majority of the Upper Bench for
parking and service and transportation access. The bottom level of the development would be about
10 feet below the existing grade of the Upper 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 5 feet below the existing grades of the Lower Bench.

The South Village would include 24,000 ft2 of retail space and 653 residential units. It would consist of
eight low-rise buildings (of one to four stories), six mid-rise buildings (eight to 10 stories) and three
residential towers (12 to 16 stories). The South Village would have one to three levels of below-grade
parking, depending on varying final site grades.

The Central Village would include 44,000 ft? of retail space and 1,271 residential units. It would consist
of 11 low-rise buildings (one to four stories), five mid-rise buildings (six to 10 stories) and five
residential towers (12 to 16 stories). The South Village would have one to three levels of below-grade
parking, depending on varying final site grades.

The North Village would include 903 residential units. It would consist of three low-rise buildings (two
to four stories), one mid-rise building (10 stories), and four residential towers (12 to 17 stories). The
North Village would have one level of below-grade parking.

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.
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6 | Point Wells Redevelopment

Alternative 2. The Urban Village Alternative would have the site redeveloped as a mixed-use urban
village, with the same general site plan as Alternative 1. However, the maximum building height would
be less. Approximately 2.6 million ft? of residential uses (2,600 units) would be provided under
Alternative 2. The same amounts of commercial/office uses with space for on-site police and fire
facilities (32,262 ft?), retail uses (94,300 ft?), and open space as Alternative 1 is assumed for
Alternative 2. Alternative 2 is anticipated to support approximately 5,232 residents and approximately
500 employees.

As we understand the Project, Alternatives 1 and 2 are essentially the same from a geotechnical
perspective.

Secondary Access Road. As part of the proposed redevelopment under either Alternative 1 or

Alternative 2, the-a Secondary Access Road is proposed.-At-the-time-of this-writingthealighment
. o dalle A L i foren ol il b

alignmentsare-beingconsidered{see-Figure2): Our understanding from the Secondary Access
Memorandum (DEA 2016) is that three alignments are being considered, as described below. Figure 2
shows the location of the proposed alignment alternatives. Excerpts from the DEA 2016 memorandum
showing proposed grading and structures are provided for reference in Appendix E.

1. Secondary Access Alternative 1 would enter the proposed development in the northern half of
the Lower Bench. This alternative would include a bridge over the BNSF railroad tracks that
would extend to approximately midway up the bluff to the east. At that point, the roadway
would transition to an at-grade road that would connect to 238th Street Southwest at the top
of the bluff. To accommodate the road grade, permanent slope cuts and grading are proposed

t 35 feet of overburden. Alengthe-narrew-strip-of-preperty-extending

2. Secondary Access Alternative 2 would enter the proposed development in the southern
portion of the site near the middle of the Upper Bench. This alternative would be completely
at grade and connect to an extension of 116th Avenue West. Minimal grading (approximately
+/- 2 feet) is proposed along the majority of the alignment. Where the road alighment would
approach the steep slopes above the Upper Bench, a fill embankment up to about 25 feet
above existing grades is proposed to accommodate the roadway grade. Alenrg-the-general

2:3. Secondary Access Alternative 2A is a variation of Secondary Access Alternative 2 (described
above). Alternative 2A would follow approximately the same alighment as Alternative 2 from
the connection to an extension of 116th Avenue West to where the road would approach the
steep slopes above the Upper Bench. However, Alternative 2A 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 20 feet above existing grades is proposed near the base of the
slope, with a limited section of roadway cuts of up to 8 feet.

17203-54 DRAFT FINAL -+
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Point Wells Redevelopment | 7

Alternative 3. The no action alternatives are: Alternative 3a, which would involve continuation of
existing industrial use, and Alternative 3b, which is a continuation of existing industrial use with
increased industrial operations through renovation and reuse of existing underutilized facilities.

Alternatives 3a and 3b are essentially the same from a geotechnical perspective.

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 and installed vibrating wire piezometers (VWPs) to monitor groundwater
levels in different stratigraphic units. Data from tFhis additional deep boring supplements 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 laser imaging, 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 Boring

From April 16 to 21, 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 at
5-foot intervals. Following completion of the soil boring, four VWPs were installed at depths of 14,
58.5, 114, and 154 feet bgs to record groundwater pore pressures in different geologic units. Site
geology and groundwater measurements are discussed in Section 5, below. A detailed boring log is in
Appendix A, and VWP calibrations and readings are in Appendix C.

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 a summary field
observation is on Figure 5.

1] DRAFT FINAL 17203-54
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8 | Point Wells Redevelopment

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 i : . .
- 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
HA 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 0 to 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

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 soils 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 (Qvlic), Advance Outwash (Qva), Vashon Till (Qvt), and
Recessional Outwash (Qvr). 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
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Point Wells Redevelopment | 9

historical landslides. In addition to these natural processes, the slope was likely graded to facilitate
construction of the now-abandoned access road shown on Figure 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 follow sections. Subsurface
contamination during past use of the site is discussed separately for the EIS, and so is omitted from
this discussion.

The soils on the eastern hillside and the Upper and Lower Benches fall into six basic soil units, as
indicated by our recent boring 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 and 8 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 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 Layton 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
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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 section) 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 section) 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
groundwater levels are representative for the times indicated. Fluctuations in groundwater levels may
occur because of variations in rainfall, 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

17203-54 DRAFT FINAL -+
August 4, 2016Mareh-16,2016June 112015 HARTCROWSER



Point Wells Redevelopment | 11

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 B09-2 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 eastern slope, perched
groundwater was encountered at 186 feet elevation at the time of drilling. Upon completion of
drilling, four VWPs were installed on April 22, 2015, using the grout-in method. The VWPs were placed
to monitor groundwater conditions at the contact 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).
Measurements made on May 6, 21, and 26 in 2015 are shown in Table 2, and are the groundwater
levels shown on Figure 8. 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 Measurements, Boring HC-1 - Ground Surface
Elevation 243 Feet

VWP Elevation | Measurement Measured Groundwater Groundwater
in Feet Date Head in Feet Depth in Feet Elevation in Feet
229 5/6/2015 7.6 6.4 236.6
e
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VWP Elevation | Measurement Measured Groundwater Groundwater
in Feet Date Head in Feet Depth in Feet Elevation in Feet
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
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
189 5/21/2015 38.2 115.8 127.2
5/26/2015 38.4 115.6 127.4

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 BC.

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. The larger
drainages, Drainages 1 and 2 (Figure 2), started at the top of the slope and were primarily fed by
runoff.
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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), as shown on Figure 9. However, the steepness of the slope
varies considerably. LiDAR-derived slope calculations for the site and the east hillside are shown on
Figure 10. 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
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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 hummocky 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 soils 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.

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 11.

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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Photographs 1 (top) and 2 (bottom): Localized small landslides near Drainage 1.
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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).

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 Figure 10. 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 nerthwest-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
layers resulted in increased groundwater flow from the formation to the surface as springs or seeps
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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).

5.1.6.1 Slope Stability Analysis

We performed a slope stability analysis on 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
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landslide similar to the Woodway Landslide to the north 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). The Morgenstern-Price method for slope stability analysis was used to
search for rotational circular surface failure mechanisms.

We used the soil properties summarized in Figure 12. 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.

The slope stability section, stratigraphy, and soil properties are shown on Figure 12. 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 12 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 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. For seismic stability evaluations we used a pseudostatic horizontal acceleration coefficient of
one-half the design peak ground acceleration (PGA; see Section 6.2.2.2). A pseudostatic horizontal
acceleration coefficient of 0.168 g was used in the seismic slope stability analysis.

The slope stability analysis results are shown on Figures 13 through 16, and summarized in Table 3.
Also provided in Table 3 are slope stability analysis results assuming no groundwater was present.
These “dry case” stability analyses are intended to provide a frame of reference for the influence of
groundwater conditions on slope stability.

Table 3 - Summary of Slope Stability Factors of Safety

; Piezometric Surface Estimated from VWPs No Groundwater / Dry Case
Failure Surface - — - —
Static Seismic Static Seismic
Shallower 1.11 0.82 1.40 1.11
Deeper 1.29 0.87 1.68 1.19
]
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The factors of safety estimated from the slope stability analysis 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.

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).

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. 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
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following sections describe applicable geologic hazards and their potential impacts to the proposed
development. Figure 9 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 are addressed in a separate technical report.

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.

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 30.915.390 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.

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.

Alternatives 1 and 2

Lower Bench. Development of the Lower Bench under Alternatives 1 or 2 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
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area likely decreases. 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.

Upper Bench. Development of the Upper Bench under Alternatives 1 or 2 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 for Alternatives 1 and 2. Additionally, Alternatives 1 and 2
likely would include excavating the Upper Bench at the toe of the adjacent steep slopes 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.

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. Field-observations-indicate-the-old-accessroad-alighmen

and fill may-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.

Impacts to landslide hazard areas for each of the proposed Secondary Access Alternatives are

discussed below.

Secondary Access Alternative 1. This alternative would cross about a 900-foot stretch of steep slopes
and would be adjacent to shallow landslides observed historically and during our field reconnaissance.
Removing material (up to about 35 feet of cut) from the upper portion of the bluff along the areas of
cuts for the proposed alignment would increase slope stability along the alighment. Permanent slope
cuts may need to be designed as reinforced slopes for stability. Deep foundations would likely be
necessary for the bridge portion of the alighment. These deep foundations would be designed to resist
shallow slope movement. 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. The abandoned access road could be temporarily re-opened and used for
construction access. Additional temporary construction roads/spurs would likely be necessary for
access to install deep foundations for the bridge. Temporary construction access roads would be
abandoned and mitigated (e.g., revegetated, graded for positive drainage) after completion of
Secondary Access Road construction.
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Secondary Access Alternative 2. This alternative would also cross steep slopes and cross through a
historical landslide area immediately above the Upper Bench. However, Secondary Access

Alternative 2 would cross a much shorter stretch of steep slopes (about 100 feet) than would
Secondary Access Alternative 1. Most of the alternative would be on shallower slopes, so minimal
grading would be necessary. The proposed embankment in and adjacent to the steep slope above the
Upper Bench, which is up to about 20 feet above existing grades, would increase stability of the
existing steep slope. Drainage of the existing slopes would be accounted for in the design so that the
stability of the existing slopes would not be reduced. Temporary construction disturbance would be
significantly less than that associated with Secondary Access Alternative 1.

Secondary Access Alternative 2A. Above the steep slopes, the impacts of this alternative would be
similar to those of Secondary Access Alternative 2. However, Secondary Access Alternative 2A would
include grading on the steep slopes over a longer distance (about 600 feet), which would include up to
about 20 feet of fill and 8 feet of cut. The fill near the base of the slope for the proposed alignment
would be supported by a retaining wall. The combination of fill and retaining wall would increase
stability of the steep slopes. The soil cut may need to be designed as a reinforced slope for stability.
The proposed fill and wall would cut across Drainage 1, and the design would accommodate slope
drainage. Temporary construction disturbance would be greater than that associated with Secondary
Access Alternative 2 but less than Secondary Access Alternative 1.

Alternative 3

Alternative 3 would not impact the landslide hazard areas. The landslide hazard areas’ impacts on
Alternative 3 would be similar to the areas’ impacts on Alternatives 1 and 2, and could result in
significant environmental impacts to Puget Sound if above-ground tanks or piping containing
petroleum products were to rupture following a large landslide.

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.

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).
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6.2.2 Seismic Design

At this time we assume that seismic design of the proposed development would be in accordance with
the 2012 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
areassume Site Class B soils 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 (S;) =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 soils were determined to be Site
Class E. However, soil conditions varied across the Upper Bench, and previous borings suggest these
soils may be classified as Site Class D. Based on B09-2 and B09-3, the Lower Bench soils 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 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 2012 IBC liquefaction
evaluation criteria, and found the results were similar.
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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 second. Based on the
proposed building heights, we expect that some or all of the proposed mid-rise buildings and
residential towers for Alternatives 1 and 2 are likely to have a fundamental period greater than

0.5 second; 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 (drilled for this study), the slope soils classify as Site Class C, and no potentially
liquefiable soils were encountered.

Borings completed by Earth Consultants (2004) along the top of the slope appear to indicate the slope
soils 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 soils were 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.
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For our slope stability analysis we assumed Site Class C*, based on boring HC-1, drilled at the top of the
selected critical slope profile. Based on 2012 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 (Sus)

o Sus=FES¢=10x1262g=1262g

B Design spectral response acceleration at short periods (Sps)

© Sps = Sus=:x12629=0841g

B Design spectral response acceleration at period equal to zero seconds (i.e., design PGA)

o Design PGA =Spsx04=0841gx04=0336¢g

Standard of practice is to assume a seismic (pseudo-static) horizontal acceleration coefficient_(kn) 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 pseudo-static horizontal acceleration coefficient of one-
half the design PGA or 8:168¢:

e ky=Design PGA=>x0336 g =0.168 g

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).

L |f Site Class D were assumed, the calculations would be the same, because F, is also 1.0 for Site Class D at this
site.
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Impact
Alternatives 1, 2, and 3

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 Subsidence

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

Lower Bench. We encountered saturated soils 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 9). This conclusion is in
agreement with our preliminary analysis of the soil characteristics for the Lower Bench.

Upper Bench. The soils observed on the Upper Bench are potentially liquefiable. As Figure 9 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 soils (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 9). 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 11, 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
liguefaction 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
liquefaction. Additional borings would need to be drilled in this area during design to assess the
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potential for liquefaction, since liquefaction on the slope could lead to a slope failure and significant
runout.

Impact
Alternatives 1 and 2

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.

Developing on a site that is potentially liquefiable will require engineering solutions to minimize the
impacts of liquefaction. Several alternatives would be feasible, including ground improvement 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 soils. Along the seuthernpotential-Secondary Access Alternatives 2 and 2A alignments -(the
narrow strip of property extending upslope to the east from the south end of the Upper Bench),

existing explorations indicate there may be potentially liquefiable soils, depending on groundwater

conditions. For the Secondary Access Alternative 1 alignment-sleng-the-abandoned-accessroad, the

liquefaction hazard map (Palmer et al. 2004) indicates potentially liquefiable soils. Both alignments are

shown on Figure 2. 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.

Alternative 3

Impacts to Alternative 3 from liquefaction would be similar to impacts to Alternatives 1 and 2.
Alternative 3 will not impact liquefaction susceptibility.

6.2.3.3 Lateral Spreading

Lateral spreading is typically associated with slope movement caused by the liquefaction of underlying
soils. 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 approximately several 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.
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Impact
Alternatives 1 and 2

Both action alternatives include re-establishing the beach for intertidal habitat and replacing the
existing retaining walls landward of their current location as part of re-establishing the beach for
intertidal habitat and redeveloping the waterfront area for recreational access. Lateral spread can
affect the stability of the overlying 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. Alternatives 1 and 2 would not increase
the likelihood of lateral spread occurring.

Alternative 3

The impacts of lateral spread on Alternative 3 would be similar to its impacts on Alternatives 1 and 2.
The existing retaining walls and adjacent facilities may be damaged by potential lateral spreading.
Since little or no available design and construction data are available for the existing retaining wall, the
extent to which Alternative 3 may be at risk because of lateral spreading is unknown. Alternative 3 will
not impact the likelihood of lateral spread occurring.

6.2.3.4 Seismically Induced Landslides

Landslides can be triggered by the increase in load from an earthquake or potential weakening of soils
due to liquefaction. Preliminary stability analysis based on estimated groundwater conditions at the
northern third of the Lower Bench indicates a landslide would likely occur during a design seismic
event. Additional analysis would be needed to assess potential for seismically induced landslides at
other locations during design.

Impact
Alternatives 1, 2, and 3

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) are currently the only publicly available sources
of information to use to assess tsunami hazards at the site. Both of these publications model a

predicted tsunami based on the maximum credible event/credible worst-case scenario for the Seattle
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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. The IBC MCE is based on a USGS probabilistic seismic
hazard assessment of several faults, including the Seattle Fault and the Casacadia 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

{maximum-credible-eventferedible-worst-casesecenario)-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. Fhe-estimated-reecurrence-intervalforthis-eventisthousands-of years:

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.

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

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
Alternatives 1 and 2

Based on the proposed changes in grade for Alternatives 1 and 2, 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.

Alternative 3

Based on the existing grade to remain for Alternative 3, it is possible a tsunami based on the worst-
case scenario and the highest water level increase modeled could overtop the existing seawall,
depending on the tides at the time of the tsunami. The seawall and structures on land could be
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damaged, which could be addressed through maintenance or reconstruction, if necessary. Fhe

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 soils as “Urban Land” and does not indicate a
high risk of water erosion. In general, increased silt content increases the risk of water erosion. Lower
Bench soils are generally sand and gravel; silt content varies. Soils 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.

The site is not adjacent to any of the rivers listed 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.

Upper Bench. The USDA NRCS maps the Upper Bench soils as “Urban Land” and does not indicate a
high risk of water erosion. Upper Bench soils are generally silty sand and silt and appear susceptible to
erosion.

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

Slope. The USDA NRCS maps the slope soils as gravelly sandy loam (till and outwash) and does not
indicate a high risk of water erosion. In general, increased 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, and
lacustrine clay and silt. These soil units included silty sand and silt layers that are susceptible to
erosion.

Impact
Alternatives 1 and 2

Lower Bench. Both action alternatives involve re-establishing the beach and seawall protecting the
Lower Bench from erosion. Protection of the beach and seawall from wave erosion will be addressed
during design.

Soil erosion during construction will need be addressed through erosion and sediment control best
management practices (BMPs).
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Upper Bench. The Upper Bench will remain protected by the riprap adjacent to Puget Sound,
protecting the site from wave erosion. Soil erosion due to stormwater runoff during construction will
need to be addressed through erosion and sediment control best management practices (BMPs).

Both action alternatives include 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 through erosion
and sediment control BMPs.

Secondary Access Road. Grading for eitheroefthe potential Secondary Access Road alignments on the
slope will likely encounter silty sands and silts that are susceptible to erosion. Because of site grades
along the potential Secondary Access Road alignments, this grading would present a higher erosion
risk than grading in other areas. Secondary Access Alternative 2 would have the least amount of

grading, while Secondary Access Alternative 1 would have the deepest and longest cuts on the slope.

Soil erosion during construction will need be addressed through 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. Temporary construction access roads would be

abandoned and mitigated (e.g., revegetated, graded for positive drainage) after completion of

Secondary Access Road construction.

A 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.

Alternative 3

Based on the existing grade and surfaces to remain for Alternative 3, the potential for soil erosion is
minimal.

7.0 HAZARD MITIGATION AND PRELIMINARY
GEOTECHNICAL DESIGN AND CONSTRUCTION
CONSIDERATIONS FOR THE PROJECT

In the following sections we describe potential mitigation strategies for proposed development on or
adjacent to the geologically hazardous areas for Alternatives 1 and 2. Alternative 3 has two No Action
alternative components: (a) continued industrial use as-is and (b) expanded industrial use. From a
geotechnical perspective, mitigation similar to that discussed for Alternatives 1 and 2 may apply to
Alternative 3b.
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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 fails.

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 and above 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.

B Reducing groundwater pore pressures in slope soils. 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 may be efficient options.

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 eitherefthe potential Secondary Access Road
aligaments-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.
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7.1.2 Seismic Hazard Areas

Mitigation of seismic hazards is generally focused on reducing the risk and potential impact of
liguefaction 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 2012
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.

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 soils for the mapped high liquefaction susceptibility in the recent slide area of the
abandoned access road and slopes above the Upper Bench.

7.1.2.1 Ground Improvement

Ground improvement is the modification of in situ soils to achieve desirable soil characteristics. In this
case, loose, liquefiable soils 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 either an
electrically or hydraulically actuated cylindrical-shaped vibrating probe to make stones displace or
replace weak soils. 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 soils surrounding the stone columns. It has been our
experience that stone columns installed within shallow depths can cause ground heave (thereby
loosening rather than densifying surrounding soils) if the fines content of the soils exceeds 15 to

35 percent. If this option is considered, we recommend completing more sampling and laboratory
testing to evaluate the feasibility of stone columns.

Geopiers or Rammed Aggregate Piers. The geopier system consists of augering out undesirable soils
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 soils. 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. 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.
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
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grouting should be contracted as design-build to allow the contractor to optimize the installation
method.

7.1.2.2 Overexcavation

The unsuitable soils may also be excavated and replaced by compact structural fill. Because of the
depth of the unsuitable soils, existing contamination, and high groundwater table, this option may not
be economical and will generate potentially contaminated soil and groundwater that requires disposal.

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 soils 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 of the seawall appear to be effective mitigation of
potential tsunami impacts.

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 soils 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

Alternatives 1 and 2 include 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
600,000 -cubic yards of material would be imported and about 100,000 cubic yards of native material
would be re-used. The Secondary Access Road alternatives also include 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
fines cannot be consistently compacted to a dense, non-yielding condition when the water content is
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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 soils 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 soils do not appear suitable for
structural fill because of their composition and gradation; however, soils will need to be evaluated at
the time of construction. Site soils can be used for non-structural purposes such as in landscaped
areas. Another consideration for the potential re-use of on-site soils is potential contamination that
may be encountered, which will be addressed in other Project documents.

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 under Alternatives 1 and 2 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 be used with the wall
designed to resist hydrostatic groundwater pressures. Potential alternatives would include a soldier
pile with tiebacks or a cement-soil-mix (CSM) or slurry wall.

The type of shoring system would depend on the depth of the excavation as well as the possibility of
obtaining permits to discharge the collected water. Foundation types would be determined based on
the depth of the excavation and building loads, as discussed below.

Lateral earth pressures on the Upper Bench shoring system will be significant because of the presence
of the slopes above, which have overall slope gradients ranging from about 30 to 45 percent.

7.4 Foundation Considerations

The types of foundations that may be recommended for the proposed site development depends on
the nature of the underlying soils and the depth below grade of the structures. General comments are
provided in the following sections.
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Alternatives 1 and 2 generally have the lowest level near the existing grade on the Lower Bench.
Because the subsurface soils are potentially liquefiable, shallow foundations are not recommended to
support the building loads without first performing ground improvement or overexcavation and
replacement. Deep foundations that extend to and are supported by the dense to very dense pre-
Fraser Nonglacial Fluvial soils are likely the preferred approach.

Where retaining walls are used to support grade changes, the foundation type would be similar to that
required for structures developed on the ground surface.

Structures associated with the Secondary Access Road alternatives would likely need to be supported
on deep foundations so they would not impart loads on the slope that could decrease slope stability.
The deep foundations would be designed to resist shallow, surficial slope movement commonly
observed at the site.

Contaminated soils could be encountered during overexcavation or construction of drilled
foundations; disposal would incur additional costs. These issues will be addressed in other Project
documentation.

7.5 Foundation Types

7.5.1 Shallow Foundations

We do not recommend the use of shallow foundations in areas where there are potentially liquefiable
soils, unless the soils are treated with ground improvement or overexcavated and replaced. These
methods were discussed in Section 7.1.

7.5.2 Deep Foundations

A variety of deep foundation types will most likely be required to support the proposed development.
Vertical compressive loads can be resisted by friction along the pile sides and by end bearing at the tip.
Therefore, it is critical to embed piles sufficiently into competent soils. We define competent soil (or
bearing stratum) as the dense to very dense, pre-Fraser Nonglacial Fluvial Deposits. The depth to the
competent soils may vary across the site. The explorations from the current study indicate these soils
begin at a depth of 47 to 50 feet bgs below the Lower Bench and are shallower to the east. To
determine pile tip depths, additional subsurface explorations will be needed once the building
locations are determined.

Embedment of deep foundations on slopes for structures associated with the Secondary Access Road
can be designed to provide the necessary lateral resistance to help stabilize potential deep slope
failures to meet SCC requirements, as well as resist shallow, surficial slope movement commonly
observed at the site.

Several pile types are described in the following sections. The type of pile that would be considered
suitable for this Project depends on the loads and locations of the proposed structures. In addition,
concerns about vibration or noise during installation should factor into pile type selection.

1] DRAFT FINAL 17203-54
HARTCROWSER June11,2015March 16, 2016




40 | Point Wells Redevelopment

7.5.2.1 Drilled Shafts

A drilled shaft is a drilled, cast-in-place concrete-reinforced pile. It is installed by augering down to the
pile depth, lowering a reinforced steel cage into the bored hole, and using a tremie pipe to pump
concrete to the base of the hole. Drilled shafts are typically larger in diameter (3 to 10 feet), which may
allow penetration through cobbles and boulders where smaller-diameter holes may not succeed.
Drilled shaft installation is a low-vibration and relatively quiet process. However, due to the generally
large diameter of drilled shafts, a significant amount of cuttings may be generated.

7.5.2.2 Augercast Piles

An augercast pile is a mid-sized (14 to 24 inches in diameter), drilled and grouted replacement pile that
is typically reinforced. Augercast piles are a good alternative to driven piles because of their lower
vibration and noise. Augercast piles are installed by continuously auguring down to the pile depth with
a plug in the auger tip. When the pile depth is reached, the plug is removed and grout flows out of the
auger under pressure as the auger is extracted from the hole. To increase the uplift pile capacity, a
steel bar is usually placed in the center of the pile and a steel cage is placed in the upper portion to
provide increased lateral resistance. Augercast piles can be a cost-effective foundation system;
however, cuttings will be generated.

7.5.2.3 Micropiles

A micropile is a small-diameter (6 to 12 inches in diameter), drilled and grouted replacement pile that
is typically reinforced. A micropile is installed by rotary drilling a borehole, placing reinforcement, and
grouting from the bottom up. The end-bearing capacity of micropiles is typically neglected because it is
minor compared with the grout-to-ground capacity along the pile’s perimeter. The soil conditions and
installation procedure strongly influence the grout-to-ground strength. Micropiles, like augercast piles,
are bored piles that generate cuttings. Micropiles are typically used when overhead room is limited or
when the loads are light.

7.5.2.4 Driven Piles

Driven piles include prefabricated steel and concrete piles that are installed into the ground using a
pile-driving rig equipped with a vibratory or impact hammer. H-piles and pipe piles are examples of
steel piles. Concrete piles typically include octagonal or square precast reinforced concrete members.
Noise and vibration are generated during installation. Ground heave may occur surrounding the driven
piles, which displaces and densifies soil immediately adjacent to the piles. In loose soils, ground
settlement may also result at distance from the piles because of ground vibration from driving the
piles. The benefits of using driven piles are that cuttings are not generated, installation is relatively
quick compared with installation of bored piles, and pile capacities can be verified during installation.
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7.6 Vibration Considerations

7.6.1 Construction Vibrations

We performed a screening-analysis-level review of the potential construction vibration impacts on
existing structures and future development. Our review focused on potential damage to structures
and did not include human annoyance vibration levels.

Vibration sources during construction include truck traffic, heavy on-site equipment, vibratory
compaction equipment, and impact or vibratory installation methods associated with foundations
(e.g., piles) or ground improvement (e.g., stone columns, geopiers).

Typical vibration source levels for construction equipment are provided in Table 4; these source levels
are based on measured data as reported in FTA (2006).

Table 4 - Vibration Source Level for Construction Equipment

: Peak Particle Velocity at 25 Feet
Equipment .
(inches/second)

Pile driver (impact) Upper range 1518
Typical 0.644

Pile driver (sonic) Upper range 0.734
Typical 0.170

Clam shovel drop (slurry wall) 0.202
] In soil 0.008
Hydromill (slurry wall) N rock 0.017
Vibratory roller 0.210
Hoe ram 0.089
Large bulldozer 0.089
Caisson drilling 0.089
Loaded trucks 0.076
Jackhammer 0.035
Small bulldozer 0.003

Recommended threshold vibration criteria for structures are provided in Table 5. These criteria are
based on recommendations in FTA (2006) and are generally considered conservative for structures.
The criteria in Table 5 may also be applied to tracks and utilities.
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Table 5 - Construction Vibration Damage Criteria

Peak Particle Velocity
Structure Category _
in inches/second

Reinforced concrete, steel or timber 05
(no plaster) '

Engineered concrete and masonry 0.3
(no plaster) '

Non-engineered timber and 02
masonry structures '

Structures extremely susceptible to 012
vibration damage '

7.6.1.1 Off-Site Structures

In general, we do not anticipate that the effects of construction vibration on off-site structures will be
significant.

The BNSF railroad tracks adjacent to the proposed development regularly experience more significant
vibrations from the freight trains than are anticipated to result from construction.

Residences are within about 100 feet of the proposed development at the south end of the Upper
Bench. These residences appear to have been above the approximate path of the Brightwater
Conveyance Tunnel. They are as close as 200 feet from the tunnel receiving pit at the south end of the
Lower Bench, 150 feet from the BNSF railroad tracks, and 50 feet from the existing industrial access
road to the site. Vibrations at these residences during Project construction are not anticipated to be
damaging to the structures.

Residences are within about 50 feet of the potential secondary access alignment at the southern third
of the Upper Bench. Vibrations at these locations will be similar to vibrations from standard road
construction (e.g., graders, vibratory compactors); we do not anticipate they will damage structures.

Vibrations from construction traffic should be similar to those from the current industrial truck traffic
and Brightwater construction traffic. If the frequency of truck traffic increases, we do not anticipate
they will damage structures. We understand some construction materials (e.g., import fill) will likely be
barged in, which would significantly reduce potential construction traffic.

7.6.1.2 On-Site Structures

Construction vibration impacts to existing structures, utilities, and slopes near the proposed
construction activity will depend on their condition at the time of construction and their distance from
the construction activity. Tables 4 and 5 summarize vibration source levels for construction equipment
and construction vibration damage criteria, respectively. As noted, the data in Table 4 are for a
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reference distance of 25 feet. Typically vibration magnitude diminishes rapidly with increasing distance
from the source of vibration.

Pile-driving and vibratory ground improvement methods would have the most significant potential
impacts, because of both potential vibration levels and local vibration-induced settlement. Potential
effects of construction activity on existing structures will depend on phasing/demolition and
construction methods that will be determined during design. These impacts may be mitigated through
logistical and scheduling consideration or selection of appropriate construction methods.

7.6.1.3 Vibration Monitoring

A geotechnical instrumentation program should be used to document and monitor work performed
near settlement- and vibration-sensitive areas, structures, and/or utilities. This program would
include preconstruction surveys, frequent monitoring, and an alert system during construction.

7.6.2 Railroad

We performed a screening-analysis-level review of the potential railroad vibration impacts on existing
structures and future development of Alternatives 1, 2, and 3b. Our review focused on potential
damage to structures and did not include human annoyance vibration levels.

Based on screening criteria in FTA (2006), we do not anticipate that vibrations from the railroad tracks
will damage the existing structures or proposed development structures. No additional soil settlement
related to railroad operations are anticipated, as the railroad has operated in this location historically.

Also, potential issues related to settlement will be addressed during design of specific structures (e.g.,

deep foundations, ground improvement).

As part of completing the Seattle to Everett Commuter Rail EIS for the BNSF corridor adjacent to the
site, Sound Transit and its consultants assessed the potential influence of railroad vibrations on
stability of the adjacent slopes (Sound Transit 1999). Sound Transit concluded vibrations from
commuter rail traffic would not contribute significantly to overall slope instability and were unlikely to
increase the potential for landslides or create new landslides, but they could affect the timing of
landslides. In other words, railroad vibrations could trigger an imminent landslide on the verge of
failing to slide sooner rather than later. Sound Transit (1999) focused on commuter trains and
indicated longer, heavier freight trains produce greater vibrations and would be more likely to trigger
an imminent landslide than would a commuter train.

7.7 Submarine Landslide Considerations

A public comment was provided from the Town of Woodway regarding the potential impacts of
submarine landslides on existing structures and future development. From our research, there do not
appear to be any Department of Ecology regulations or assessments regarding risk related to
submarine landslides. Additionally, the SCC does not address hazards from submarine landslides. As
requested, we researched available information to address the potential impacts of a submarine
landslide on the Point Wells site to support planning-level decisions. Additional review and
evaluations may be needed during design.
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The best available information for assessing the potential impacts of submarine landslides on existing
structures and future development at Point Wells is from the Brightwater Wastewater OQutfall

investigations and analyses. Detailed bathymetric measurements were performed from adjacent to
Point Wells to over 1 mile offshore in Puget Sound for the Brightwater EIS (King County, 2003). The
geophysical surveys for the Brightwater Outfall are provide in Appendix F.

The Brightwater bathymetric survey shows a steep drop-off starting at a depth below mean lower low
water (MLLW) elevation from about 350 feet to 650 feet. This drop-off starts about 2,200 feet from
the western edge of Point Wells. At its steepest, the submarine drop-off has a slope of about 62

percent, or 32 degrees. The shallower submerged slope between Point Wells and the crest of the

steep drop-off has an average slope of about 13 percent, or 7 degrees, with the steepest section

approximately 800 feet offshore having a slope of about 19 percent, or 11 degrees.

In addition to the bathymetric survey, a sub-bottom geophysical survey was performed. The

geophysical survey indicated a thin veneer of beach deposits/marine sediment overlies glacially

overridden soils out to about 3,000 feet offshore, where it appears thicker marine sediments are

accumulating aearbeyond the toe of the steep submerged slope in the flatter seabed.

Based on the significant distance from the west edge of Point Wells to the crest of the steep

submarine slope, the shallow submarine slopes in between, and the glacially overridden soils these

slopes are comprised of, the risk of potential impacts at Point Wells from deep-seated, submarine

landslides is considered low. Recent beach deposits and marine sediments in the nearshore may be

potentially liquefiable, which will be considered during design, as part of the seismic slope stability and

lateral spreading analysis.

Our assessment appears consistent with that of HWA, who performed the geotechnical investigations
and analysis for the Brightwater outfall. The details of the HWA study were not yet available at the
time of preparing this assessment. However, HWA performed six offshore borings, seismic ground

response, and liquefaction analysis, focusing on the upper loose to medium dense beach deposits
(HWA 2016). The final design anchored the outfall in the nearshore, adjacent to Point Wells, with steel
sheet piles embedded in the glacially overridden soils below the recent beach deposits.
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APPENDIX A
FIELD EXPLORATIONS METHODS AND ANALYSIS

This appendix documents the processes Hart Crowser used to determine the nature (and quality) of
the soil and groundwater underlying the Project site addressed by this report. The sections are:

Exploration and Its Location;

Mud Rotary Borings;

Standard Penetration Test (SPT) Procedures;
Vibrating Wire Piezometer Installation; and

Groundwater Level Measurements.

Exploration and Its Location

The subsurface exploration for this Project was HC-1. The exploration log in this appendix shows our
interpretation of the drilling, sampling, and testing data. The logs indicate the depth at which the soils
change. The change may be gradual. In the field, we classified the samples taken from the explorations
according to the methods presented on Figure A-1 — Key to Exploration Logs. This figure also provides
a legend explaining the symbols and abbreviations used in the logs.

The location of the exploration is based on GPS measurements referenced to Washington State Plane
North coordinates. The ground surface elevation was determined by an available digital survey map of
the area. The method used determines the accuracy of the information given on the exploration’s
location and elevation.

Mud Rotary Borings

A 250-foot-deep mud rotary boring, designated HC-1, was drilled from April 16 to April 22, 2015. The
boring used an approximately 4-inch-diameter tri-cone bit and was advanced with a truck-mounted
drill rig subcontracted by Hart Crowser. A geologist from Hart Crowser observed the drilling
continuously. Detailed field logs were prepared of each boring. Using the standard penetration test
(SPT), we obtained samples at 5-foot depth intervals.

The boring logs are on Figure A-2 at the end of this appendix.

Standard Penetration Test Procedures

The SPT (as described in ASTM D1586) provides an approximate measure of soil density and
consistency. The results must be used in conjunction with other tests and according to engineering
judgment. To obtain disturbed samples, a standard 2-inch-outside-diameter split-spoon sampler is
driven into the soil for 18 inches using a 140-pound autohammer, free-falling 30 inches. The number of
blows required to drive the sampler the last 12 inches only is the standard penetration resistance. This
resistance, or blow count, measures the relative density of granular soils and the consistency of
cohesive soils. The blow counts are plotted on the boring logs at their respective sample depths.

1] DRAFT FINAL 17203-54
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A-2 | Point Wells Redevelopment

Soil samples are recovered from the split-barrel sampler, field classified, placed into water-tight jars,
and taken to Hart Crowser’s laboratory for further testing.

In the Event of Hard Driving

Occasionally, very dense materials preclude driving the total 18-inch sample. When this happens, the
penetration resistance is entered on logs as described below.

Penetration Less than 6 Inches. The blow count is noted on the boring log as 100 blows per foot.

Penetration Greater than 6 Inches. The number of blows completed after the first 6 inches of
penetration is divided by the total number of blows and multiplied by 12 inches to determine the blow
count in blows per foot. For example, a blow count series of 12 blows for 6 inches, 20 blows for 6
inches, and 50 (the maximum number of blows counted within a 6-inch increment for SPT) for 4 inches
would be recorded as 84 blows per foot. The blow count is noted on the log and limited to 100 blows
per foot.

Vibrating Wire Piezometer Installation

Vibrating wire piezometers (VWPs) were installed in HC-1 on April 22, 2015, in accordance with
Washington State Department of Ecology regulations to allow for long-term groundwater level
monitoring at the site. The VWPs were installed to the desired depth with the readout wires extending
to the ground surface and encased in the grout backfill. The VWP construction details are illustrated on
the boring log on Figure A-2.

Groundwater Level Measurements

VWPs were used to determine groundwater pressure at the depth of the VWP instruments.
Groundwater pressure is measured using a data readout connected to the VWP wires at the ground
surface. The measured groundwater pressure is then converted to a groundwater elevation or depth.
The calibration data for converting the electronic VWP signal to groundwater pressure as well as our
field VWP measurements are provided in Appendix C.

17203-54 DRAFT FINAL -+
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Key to Exploration Logs

Sample Description

Classification of soils in this report is based on visual field and laboratory

observations which include density/consistency, moisture condition, grain size, and Moisture
plasticity estimates and should not be construed to imply field nor laboratory testing Dry Little perceptible moisture
unless presented herein. Visual-manual classification methods of ASTM D 2488 Damp Some perceptible moisture, likely below optimum
we‘re used_ a‘s an |dent.|f|cat|on guide. ) Moist Likely near optimum moisture content
Soil descriptions consist of the following: ) Wet Much perceptible moisture, likely above optimum
Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT,
additional remarks. . -
- - Minor Constituents Estimated Percentage
Density/Consistency Trace <5
Soil density/consistency in borings is related primarily to the Standard Slightly (clayey, silty, etc.) 5 -12
Penetration Resistance. Soil density/consistency in test pits and probes is cl it d I 12 - 30
estimated based on visual observation and is presented parenthetically on the v aye(y,l siity, 5"?"? y,tgr)ave Y 2 . 20
logs. Standard Standard Approximate ery (clayey, silty, etc. .
SRND or GRAVEL  penetration SILT or CLAY  penetration S| gar Strength
Density Resistance (N)  Consistency  Resistance (N) in TSF
in Blows/Foot in Blows/Foot Laboratory Test Symbols
Very loose 0to 4 Very soft 0to 2 <0.125
Loose 4 1010 Soft 2t 4  0.125 to 0.25 GS  Grain Size Classification
Medium dense 10 1030 Medium stiff 410 8 025 to 0.5 CN  Consolidation
Dense 30 t050 Stiff 8 to15 051t 1.0 UU  Unconsolidated Undrained Triaxial
Very dense >50 Very stiff 15 1030 1.0 to 2.0 CU  Consolidated Undrained Triaxial
Hard 30 2.0 CD  Consolidated Drained Triaxial
QU  Unconfined Compression
Sampling Test Symbols DS Direct Shear
) K Permeability
X 1.5"1.D. Split Spoon B Grab (Jar) A\ 3.0" 1.D. Split Spoon PP Pocket Penetrometer
Approximate Compressive Strength in TSF
Shelby Tube (Pushed Ba
[[l y ( ) IZI 9 TV Torvane
|]I|] Cuttings I] Core Run Approximate Shear Strength in TSF
CBR California Bearing Ratio
SOIL CLASSIFICATION CHART MD  Moisture Density Relationship
AL Atterberg Limits
SYMBOLS TYPICAL :
MAJOR DIVISIONS GRAPH | LETTER DESCRIPTIONS l_._||_ Water Content in Percent
WELL-GRADED GRAVELS, GRAVEL - Liquid Limit
GRAVEL G%I/_-\E//-I\E'\L‘S GW Emgwxwmzs, LITTLE OR NO Natural Lo
AND Plastic Limit
GRAVELLY POORLY-GRADED GRAVELS,
soiLs (LITTLE OR NO FINES) GP | GRAVEL. SAND MIXTURES, LTTLE PID  Photoionization Detector Reading
COARSE CA  Chemical Analysis
Gggllr\ngD MORE THAN 50% GRA\'/:IIE,\I‘_SSWITH GM S:H\RA(EXBFABVREELSS,GRAVEL-SAND- DT In Situ Density in PCF
FRACTION. OT  Tests by Others
RETAINED ON NO.
4 SIEVE (APPRECIABLE CLAYEY GRAVELS, GRAVEL - SAND -
AMOUNT OF FINES) Gc CLAY MIXTURES
Groundwater Indicators
CLEAN SANDS SW WELL-GRADED SANDS, GRAVELLY
%ERMEA-E—E/;’;LSLTS/" SAANNDD SANDS, LITTLE OR NO FINES y Groundwater LeVeI on Date
LARGER THAN SANDY POORLY-GRADED SANDS, or (ATD) At Time of Drilling
SIZE SOILS (LITTLE OR NO FINES) SP GRAVELLY SAND, LITTLE OR NO
FINES 2 Groundwater Seepage
SANDS WITH SM SILTY SANDS, SAND - SILT (TeSt Plts)
MORE THAN 50% FINES MIXTURES
OF COARSE
FRACTION
PASSING Op NO- (APPRECIABLE y CLAYEY SANDS, SAND - CLAY
4 SEVE AM(OUNTOF FINES) |7 sC MIXTURES Sample Key
INORGANIC SILTS AND VERY FINE
ML | EEAVEY FINE SANDS OR CLAYEY Sample Type Sample Recovery
SILTS WITH SLIGHT PLASTICITY _\
SILTS LQUD LT MEDILM PLASTIGIY, GRAVELLY
FINE AND . 12
GRAINED CLAYS LESS THAN 50 CL (LJIE_:’\S%LS:%DY CLAYS, SILTY CLAYS, 8_1 23
SOILS BB 50/3"
] oL | RmsSRARSes Sample Blows per
6 inches
MH | DRSS
NO. 200 SIEVE SILTY SOILS
SIZE re
SILTS LIQUID LIMIT / INORGANIC CLAYS OF HIGH
Cﬁ%\[() < GREATER THAN 50 A CH PLASTICITY AN
OH | FEmsmscsusRre, HARTCROWSER
17203-54 4/15
HIGHLY ORGANIC SOILS PT | P e S WITH Figure A-1

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS



NEW BORING LOG 1720354-BL.GPJ HC_CORP.GDT 6/3/15

Boring Log HC-1

Location: N 289560 E 1258161

Approximate Ground Surface Elevation: 243 Feet
Horizontal Datum: NAD 83, WA State Plane N, US Feet
Vertical Datum: NAVD88

Drill Equipment: CME 85/Mud Rotary

Hammer Type: SPT w/140 Ib. Automatic hammer
Hole Diameter: 4 inches

Logged By: B. McDonald Reviewed By: N. Campbell

STANDARD LAB
PENETRATION RESISTANCE
USCS Graphic , o Depth Well , TESTS
Class Log Soil Descriptions in Feet Construction Sample a Blows per Foot
0 0 10 20 30 40 50+
2.5 inches of Asphalt over (medium dense), Flush mount S-1 : : : : :
SC-SMZ] [ moist, brownish gray, sandy GRAVEL. (FILL) [T monument B .
/ Very dense, moist, brown, gray, gravelly, silty Concrete . B :
‘1t SAND. (WEATHERED TILL) - Cement/Bentonite 13 F :
Al L S-2 18 L .
A 31 . T
il | 5 :
Al _ L :
7 _ I I N e
7 Grades to gravelly, silty/clayey SAND. | S-3 20,6.._ : : : : CA
2 ] ]
Al i i
il I sa XIS [ o
g S/N 1500234 18 [ -
SM [:].]] Very dense, moist, gray, slightly gravelly, —15 %
very silty SAND. (VASHON TILL) B B
L 8 T
L S-5 ¥
—20
- 26 [ . : : : :
- SEE F | | | | 4
—25
L 5 T
L S-7 a L o i
—30
| SM {1 Very dense, moist, gray, gravelly, silty SAND. | -
(TILL-LIKE) i o F : : : :
- S-8 i ) ) : CoA
—35
. s XIKe | | | | o4
—40
i st0 DY&el o | | | | ¢ Afes
4 0 20 40 60 80 100+

1. Refer to Figure A-1 for explanation of descriptions and symbols.

® Water Content in Percent

HARTCROWSER

2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise 17203-54 4/15

supported by laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary

with time.

Figure A-2 1/6



NEW BORING LOG 1720354-BL.GPJ HC_CORP.GDT 6/3/15

Boring Log HC-1

Location: N 289560 E 1258161

Approximate Ground Surface Elevation: 243 Feet
Horizontal Datum: NAD 83, WA State Plane N, US Feet
Vertical Datum: NAVD88

USCS Graphic . L Depth
Class Log Soil Descriptions in Feet
SM [] Very dense, moist, gray, gravelly, silty SAND. 4
141 (TILL-LIKE) (cont'd)
—50
—55
'SP-SMT-Ji|[ Very dense, wet, gray, siightly silty, fineto |-
il medium SAND. (ADVANCE OUTWASH) | ATD
CL 7 Hard, very moist, gray, fine sandy CLAY with
silty fine sand zones. —60
—65
“Grades to CLAY (no sand). B
—70
—75
7 ___] [
ML Hard, wet, gray, fine sandy SILT.
—80
“Grades to SILT with sand layers. B
 CL 7/ Hard, moist, gray CLAY with thinly laminated | >
zones. B

1. Refer to Figure A-1 for explanation of descriptions and symbols.

Drill Equipment: CME 85/Mud Rotary

Hammer Type: SPT w/140 Ib. Automatic hammer
Hole Diameter: 4 inches

Logged By: B. McDonald Reviewed By: N. Campbell

STANDARD LAl
Well PENETRATION RESISTANCE TESTS
Construction Sample a Blows per Foot
0 10 20 30 40 50+
S-11 636" - . . : CA
S-12 28/5: A
Z o I ) ) ) )
S/N14036895-13 gé L e : . LA
S-14 55/5" [~ A
16 [ . . . . .
SN - (R | e
5 :
s16 Xz | o |+ Aba
17 [
S-17 28 | A
18 [ . . . . .
SAXNES F ]
ég o . . . .
SWINB P ] o g

0 20 40 60 80 100+
® Water Content in Percent

HARTCROWSER

2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise 17203-54 4/15

supported by laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary Flgure A-2 2/6

with time.



NEW BORING LOG 1720354-BL.GPJ HC_CORP.GDT 6/3/15

Boring Log HC-1

Location:

N 289560 E 1258161

Approximate Ground Surface Elevation: 243 Feet

Horizont

al Datum: NAD 83, WA State Plane N, US Feet

Vertical Datum: NAVD88

USCS Graphic

Class

CL

. L Depth
Log Soil Descriptions in Feet
Hard, moist, gray CLAY with thinly laminated [ °°
zones. (cont'd) B
—95
“Occasional scattered partings. B
—100
"TIT Hard, moist, gray, fine sandy SILT and SILT. |
:[T] (Densej, moist, gray, very silty, fineto ~ |
B medium SAND. —105
IT|[~ Fard, moist, gray SILT, thinly Taminated, with |-
fine sandy silt and silty fine sand interbeds. L
Increased moisture content in silty sand
interbeds. B
—110
g —115
7 Hard, moist, gray CLAY with zones of fine -
sandy CLAY. N
—120
“NTrace slickensides. i
—125
____________________ —130
|~ Very dense, moist, gray, very silty, fine -
SAND. L
—135

1. Refer to Figure A-1 for explanation of descriptions and symbols.

2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.

3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary
with time.

Drill Equipment: CME 85/Mud Rotary

Hammer Type: SPT w/140 Ib. Automatic hammer
Hole Diameter: 4 inches
Logged By: B. McDonald Reviewed By: N. Campbell

Well

Construction
S-20
S-21
S-22
S-23

)

SN 1402210 24

S-25

S-26

S-27

S-28

Sample

10
25

13
27

12
29

10
31

18
31

26
34

2
48

STANDARD LA
PENETRATION RESISTANCE TESTS

A Blows per Foot

0 10 20 30

— 3

L L
- \

- A

F T ] e
0 20 40 60 80 100+

® Water Content in Percent

re

AN
HARTCROWSER
17203-54 4/15
Figure A-2 3/6




NEW BORING LOG 1720354-BL.GPJ HC_CORP.GDT 6/3/15

Boring Log HC-1

Location: N 289560 E 1258161

Approximate Ground Surface Elevation: 243 Feet
Horizontal Datum: NAD 83, WA State Plane N, US Feet
Vertical Datum: NAVD88

USCS Graphic

Class Log

CH

. L Depth
Soil Descriptions in Feet
____________________ —135
Hard, moist, gray CLAY, thinly laminated. -
—140
Occasional sandy CLAY zones. B
—145
—150
“NFine, clayey SAND. B
—155
T — = —— — —— — — — — — ] —160
Very dense, moist, gray, very silty, fine
SAND. B
—165
Hard, moist, gray CLAY with occasional |
partings and faint slickensides. B
—170
T ———————————— —— — — 175
Very dense, moist, gray, very clayey, fine
SAND with zones of sandy CLAY. B
—180

1. Refer to Figure A-1 for explanation of descriptions and symbols.

2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.

3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary

with time.

Drill Equipment: CME 85/Mud Rotary

Hammer Type: SPT w/140 Ib. Automatic hammer
Hole Diameter: 4 inches
Logged By: B. McDonald Reviewed By: N. Campbell

Well

Construction
S-29
S-30
S-31

SN 1404217 2

S-33

S-34

S-35

S-36

S-37

Sample

-

10
29

25
30
51/6"

22
38

14
20
29

35
50/6" |

STANDARD LAB
PENETRATION RESISTANCE TESTS

A Blows per Foot

0 10 20 30 40 50+
= ® A
- A
- A
- t - AL
A
0 20 40 60 80 100+

® Water Content in Percent

e

an
HARTCROWSER
17203-54 4/15
Figure A-2 4/6




NEW BORING LOG 1720354-BL.GPJ HC_CORP.GDT 6/3/15

Boring Log HC-1

Location: N 289560 E 1258161

Approximate Ground Surface Elevation: 243 Feet
Horizontal Datum: NAD 83, WA State Plane N, US Feet
Vertical Datum: NAVD88

USCS Graphic . L Depth
Class Log Soil Descriptions in Feet
sc / —180
Tor / Hard, moist, gray CLAY and sandy CLAY |
with laminations. B
I /J ____________________ —185
SM [:1.]] Very dense, moist, dark gray, silty, fine -
SC SAND with interbedded CLAY zones. L
—190
I~ ML T|T|| Hard, moist, dark gray SILT with silty, fine |
SM SAND interbeds. B
—195
| SM [T]] Very dense, moist, dark gray, siity, fine” |
SAND. B
EEN . o —200
11 SGrades to fine to medium, silty SAND.
—205
—210
____________________ —215
|~ Very dense, dark gray, fine to coarse, -
gravelly SAND with interbedded CLAY L
zones. |
____________________ —220
|~ Very dense, dark gray, silty, fine SAND. -
L2025

1. Refer to Figure A-1 for explanation of descriptions and symbols.

2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.

3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary

with time.

Drill Equipment: CME 85/Mud Rotary

Hammer Type: SPT w/140 Ib. Automatic hammer
Hole Diameter: 4 inches
Logged By: B. McDonald Reviewed By: N. Campbell

Well
Construction

S-38

S-39

S-40

S-41

S-42

S-43

S-46

S-47

S-48

STANDARD

LA
PENETRATION RESISTANCE TESTS

Sample a Blows per Foot

17
46

35
32

32

35

52/6"

39
50/5"

36
50/5"

55/6"

52/6"

74/5"

43
50/5"

0

10 20 30 40 50+

0

20 40 60 80 100+

® Water Content in Percent

re

AN
HARTCROWSER
17203-54 4/15
Figure A-2 5/6




NEW BORING LOG 1720354-BL.GPJ HC_CORP.GDT 6/3/15

Boring Log HC-1

Location: N 289560 E 1258161

Approximate Ground Surface Elevation: 243 Feet
Horizontal Datum: NAD 83, WA State Plane N, US Feet
Vertical Datum: NAVD88

USCS Graphic . L Depth
Class Log Soil Descriptions in Feet
SM [] Very dense, dark gray, silty, fine SAND. 2%
11 (cont'd) B
—230

[ 11>Zones of silty CLAY.

ML 1] Hard, moist, gray, very fine sandy SILT and

SM very silty, fine SAND with trace organic
material.

gravelly SAND with zones of CLAY.

240

Bottom of Boring at 248.5 Feet.
Started 04/16/15.
Completed 04/22/15.

1. Refer to Figure A-1 for explanation of descriptions and symbols.

Drill Equipment: CME 85/Mud Rotary

Hammer Type: SPT w/140 Ib. Automatic hammer
Hole Diameter: 4 inches
Logged By: B. McDonald Reviewed By: N. Campbell

Well

Construction
S-49
S-50
S-51
S-52
S-53

2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary

with time.

Sample

=

=

=

R

=

A 58/6"

1 75/6"

B 54/6" "

A 54/6"

Bl

STANDARD LAB
PENETRATION RESISTANCE TESTS

A Blows per Foot

0_ 10 : 20 : 30 : 40 : 50+
E L A GS
f a
f a
: a
; a
0: 20 : 40 : 60 : 80 : 100+

® Water Content in Percent

re

AN
HARTCROWSER
17203-54 4/15
Figure A-2 6/6




APPENDIX B
Laboratory Testing Program

- DRAFT FINAL 17203-54
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APPENDIX B
LABORATORY TESTING PROGRAM

Laboratory tests were run for this study to evaluate the basic index and geotechnical engineering
properties of the site soils. The tests performed and the procedures followed are outlined below.

Soil Classification

Field Observation and Laboratory Analysis. Soil samples from the explorations were visually classified
in the field and then taken to our laboratory where the classifications were verified in a relatively
controlled laboratory environment. Field observations and laboratory tests included
density/consistency, moisture condition, and grain size and plasticity estimates.

The classifications of selected samples were checked by laboratory tests such as Atterberg limits
determinations and grain size analyses. Classifications were made in general accordance with the
Unified Soil Classification (USC) System, ASTM D2487, as presented on Figure B-1.

Water Content Determinations

Water content was determined for most samples recovered in the explorations in general accordance
with ASTM D2216 as soon as possible following the samples’ arrival in our laboratory. Water content
was not determined for very small samples or for samples whose large gravel content would result in
unrepresentative values. The test results are plotted on the exploration log at the depth from which
each sample was taken. In addition, water content is routinely determined for samples subjected to
other testing. These results are also presented on the exploration logs.

Grain Size Analysis

Grain size distribution was analyzed on representative samples in general accordance with

ASTM D422. Wet sieve analysis was used to determine the size distribution greater than the U.S.
No. 200 mesh sieve. The results of the tests are presented as curves plotting percent finer by weight
versus grain size on Figures B-2 and B-3.

Atterberg Limits (AL)

We determined Atterberg limits for selected fine-grained soil samples. The liquid limit and plastic limit
were determined in general accordance with ASTM D4318-84. The results of the Atterberg limit
analyses and the plasticity characteristics are summarized in Figure B-4, Liquid and Plastic Limits Test
Report. This relates the plasticity index (liquid limit minus the plastic limit) to the liquid limit. The
results of the Atterberg limits tests are shown graphically on the boring log.

1] DRAFT FINAL 17203-54
HARTCROWSER June 11 2015March-16,2016August 4, 2016



Unified Soil Classification (USC) System

Soil Grain Size

; ; Number of Mesh per Inch Qo L
‘ Size of Opening In Inches ‘ (US Standard) Grain Size in Millimetres
8 o vw = _33¥2 %, o g g 38 8 883z s 8§ 888 3
\ \ T ] T T T T T \ \ \ \ \ TTT T \ TTTT T T \ |
\ | [ | [P | O | I | I | |
g 8 8388 98 R @@ e ¥ o « T®e T o 88 38 8§ 288 38 8 S
® - T T : '@ e o o @2 e

Grain Size in Millimetres

‘ COBBLES ‘ GRAVEL ‘ SAND SILT and CLAY
‘ Coarse-Grained Soils Fine-Grained Soils
Coarse-Grained Soils

Clean GRAVEL <5% fines Y GRAVEL with >12% fines

Clean SAND <5% fines

Y

SAND with >12% fines

GRAVEL >50% coarse fraction larger than No. 4

SAND >50% coarse fraction smaller than No. 4

Coarse-Grained Soils >50% larger than No. 200 sieve

GWand SW|—

2
(Dgo)
N D10XD60 -

Dgy \>4 for G W
D, />6 forSW

G Mand SM Atterberg limits below A line with Pl <4

GPand SP Clean GRAVEL or SAND not meeting

requirements for GW and S W

G Cand SC Atterberg limits above A Line with Pl >7

* Coarse-grained soils with percentage of fines between 5 and 12 are considered borderline cases requiring use of dual symbols.

D,o, D3y, and Dy, are the particles diameter of which 10, 30, and 60 percent, respectively, of the soil weight are finer.

Fine-Grained Soils

ML CL oL MH CH OH Pt
SILT CLAY Organic SILT CLAY Organic Highly
Organic
Soils with Liquid Limit <50% Soils with Liquid Limit >50% Soils
Fine-Grained Soils >50% smaller than No. 200 sieve

60 I I

50 —
é 40 —
£ CL
>
E’ 30 —
2
o 20 M H or O H — 20

10 « CL-ML ML 110

orOL
0 | | | | | | | | 0
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit
re
| I |

SRF Grain Size (B-1).cdr 3/06

HARTCROWSER

17203-54

Figure B-1
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Particle Size Distribution Test Report

100 T i % T T
%
80
L I SR
NN
T AN ]
z WAL
e : B
E 50 I\ : L
3 A
o NN
40 : S
o y R
;! \: 1 m
30 : h\
20 . .
10
0 : : AL : L
100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT % CLAY
[ ) 0.0 23.1 56.3 20.6
] 0.0 10.6 53.1 36.3
A 0.0 15.9 58.3 25.9
LL PI Des Dso Dso Dy Dis Dy C. C.
® 10.174 0.637 0.37 0.162
] 2.015 0.265 0.172
A 5.173 0.368 0.259 0.101
MATERIAL DESCRIPTION USCS NAT. MOIST.
® silty gravelly SAND SM 10.5%
B slightly gravelly, very silty SAND SM 10.2%
A gravelly, silty SAND SM 9.0%

GRAIN SIZE 1720354-BL.GPJ HC CORP.GDT 6/3/15

Remarks:
[ )

Project: Richmond Beach

Client:

@ Source: HC-1
B Source: HC-1
A Source: HC-1

Sample No.: S-4
Sample No.: S-6

Depth: 13.0to 14.0
Depth: 23.0 to 24.0
Sample No.: S-10 Depth: 43.0 to 44.0

-
an
HARTCROWSER

17203-54
Figure B-2

4/15




Particle Size Distribution Test Report

#100
#140

6in
- 3in.

2in
<o 1-1/20n.

1in

3/4in
<o 1/20n.

3/8in

#20
| #30

#40
| #200

o
=
g

W,

100

A

90

50

PERCENT FINER

20

700 — 0 : : 1 — o1 0.01 0.001
GRAIN SIZE - mm

% COBBLES % GRAVEL % SAND % SILT % CLAY

® 0.0 0.0 69.2 30.8

] 0.0 0.0 85.1 14.9

LL Pl Des Deo Dso Dy Dis Dy C. C.

® 0.151 0.109 0.096

] 0.371 0.249 0.215 0.16 0.075

MATERIAL DESCRIPTION USCS NAT. MOIST.

® very silty SAND SM 23.8%
B silty SAND SM 18.9%

GRAIN SIZE 1720354-BL.GPJ HC CORP.GDT 6/3/15

Remarks: Project: Richmond Beach
°

Client:

m @ Source: HC-1 Sample No.: S-28 Depth: 133.0 to 133.5
® Source: HC-1 Sample No.: S-49 Depth: 228.0 to 228.5

e
e 17203-54 4/15

HARTCROWSER Figure B-3




ATTERBERG LIMITS 1720354-BL.GPJ HC_CORP.GDT 6/3/15

Liquid and Plastic Limits Test Report

60 P4 rd
] ] ] ] /
Dashed line indicates the approximate , *
upper limit boundary for natural soils P
50l— s 0% /
/ \S
o
// 0%
40— . /
> Y /
L /
o /
S - /
>_
Sa0l— 4 »
& 7
3 7 /
o v V
20— / oY ./
/ ot
// f V’ A
7/
7/
| /
10 > V4
7—-— 7 /
47/ ML or OL MH or OH
|
| | |
10 30 50 70 90 110
LIQUID LIMIT
Location + Description LL PL Pl -200 USCS
@ Source: HC-1 Sample No.: S-15 Depth: 68
CL
CLAY 37 23 14
B Source: HC-1 Sample No.: S-16 Depth: 73
CL
CLAY 37 23 14
A Source: HC-1 Sample No.: S-25 Depth: 118
CL
CLAY 35 19 16
@ Source: HC-1 Sample No.: S-35 Depth: 168
H
CLAY 81 26 55 C
Remarks: Project: Richmond Beach
L
u Client:
A
Location:
*
| 4
AN 17203-54 4/15
HARTCROWSER Figure B- 4




APPENDIX C
VIBRATING WIRE PIEZOMETER MEASUREMENTS
AND CALIBRATION CERTIFICATES

- DRAFT FINAL 17203-54
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APPENDIX C

VIBRATING WIRE PIEZOMETER MEASUREMENTS AND
CALIBRATION CERTIFICATES

Vibrating wire piezometer measurement data are summarized in Table C-1, and vibrating wire
piezometer calibration certificates for the vibrating wire are attached.

1] DRAFT FINAL 17203-54
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17203-54

Point Wells Geotechnical EIS Support

Table C1 - Vibrating Wire Piezometer (VWP) Meaurements Boring HC-1

5/26/15
Hart Crowser

VWP Information’ VWP Measurements Groundwater
. L. . Date L Temperature in|Pressure in| Head in ) Elevation in
Depth in Feet | Elevation in Feet| Serial No. Reading in Hz . . Depth in Feet
Celsius psi Feet Feet
4/22/2015 2730.7 9.2 0.28 0.6 N/A! N/AT
5/6/2015 2700.5 12.3 3.27 7.6 6.4 236.6
14 229 1500234
5/21/2015 2703.5 124 2.99 6.9 7.1 235.9
5/26/2015 2703.5 12.5 2.99 6.9 7.1 235.9
4/22/2015 2756.2 8.9 0.31 0.7 N/A! N/AT
5/6/2015 2645.2 124 16.89 39.0 19.8 223.2
58.75 184.25 1403689
5/21/2015 2642 12.3 17.35 40.0 18.7 224.3
5/26/2015 2640.7 12.2 17.54 40.5 18.3 224.7
4/22/2015 2839.6 9.1 0.30 0.7 N/A! N/AT
5/6/2015 2678.9 11.0 23.97 55.3 58.7 184.3
114 129 1402210
5/21/2015 2673.1 10.8 24.79 57.2 56.8 186.2
5/26/2015 2670.6 10.7 25.14 58.0 56.0 187.0
4/22/2015 2872.2 8.8 0.33 0.8 N/A! N/AT
5/6/2015 2766.7 10.5 16.65 38.4 115.6 127.4
154 89 1404211
5/21/2015 2767.3 10.2 16.55 38.2 115.8 127.2
5/26/2015 2766.7 10.2 16.64 38.4 115.6 127.4

Notes:

'All VWPs installed on 4/22/15. Measurements shown for 4/22/2015 are prior to installation with all VWPs in a 5-gallon bucket of
water with about 1-foot of water above piezometer tips.

lof1l



SLOPE INDICATOR

VW Piezometer Calibration Certificate

Serial #: 1500234 Part #: 52611028
Range : 350 kPa Cable Part # : 50613524
Cable Length: 15m Calibrated by: AM

Date of Calibration: 1/27/2015 Note:

ABC Calibration Factors

A B C
kPa -1.252835E-4 1.821970E-2 8.875334E+2
psi -1.817084E-5 2.642544E-3 1.287258E+2

Pressure in kPa/psi = (A x sz) + (B x Hz) + C, where Hz is frequency in Hertz.

Tl Calibration Factors

Co C1 c2 C3 C4 C5
kPa 8.863479E+2  1.714305E-2  1.542821E-1 -1.251720E-4 3.211352E-5  -1.254770E-3
psi 1.285494E+2  2.486302E-3  2.237594E-2  -1.815402E-5 4.657508E-6  -1.819826E-4

Pressure in kPa/psi = CO+ (C1 xHz)+ (C2xT) + (C3 x sz) +(C4xHzxT)+ (C5x Tz)

Where Hz is the frequency reading in Hertz and T is the Thermistor reading in degrees C.
Tl factors are calculated from temperatures at 5.0, 15.0 and 25.0 degrees C.
Applied pressure and temperature are NIST traceable.

Summary of Test Results at 15C
Thermistor reading is 14.7 6.

Applied Pressure is referenced to 1 atm. Calculated Pressure uses ABC Calibration factors.

Applied Equivalent Frequency Calculated Error
(kPa) (psi) (Hz) (kPa) {psi) (%FS)
0.0 0.00 2735.2 0.1 0.01 -0.02
35.0 5.08 2682.4 35.0 5.07 0.01
70.0 10.15 26285 69.8 10.13 0.05
105.0 15.23 2573.0 105.0 15.23 0.00
140.0 20.31 2516.4 140.1 20.31 -0.01
175.0 25.38 2458.6 175.0 25.39 -0.01
210.0 30.46 2309.3 210.0 30.46 -0.01
245.0 35.53 23385 2450 35.54 0.00
280.0 40.61 2276.0 280.0 40.61 0.00
315.0 45,69 22117 315.0 45.69 0.00
350.0 50.76 21453 350.0 50.77 -0.01

12123 Harbour Reach Drive Suite 106, Mukilteo, WA 98275 USA
www.slopeindicator.com



SLOPE INDICATOR

VW Piezometer Calibration Certificate

Serial #: 1403689 Part #: 52611033
Range : 700 kPa Cable Part # : 50613524
Cable Length: 30 m Calibrated by: KB

Date of Calibration: 11/5/2014 Note:

ABC Calibration Factors

A B C
kPa -1.682822E-4 -1.122758E-1 1.591547E+3
psi -2.440727E-5 -1.628423E-2 2.308344E+2

Pressure in kPa/psi = (A x sz) + (B x Hz) + C, where Hz is frequency in Hertz.

Tl Calibration Factors

Co C1 Cc2 C3 C4a C5
kPa 1.5688037E+3  -1.114441E-1  1.168997E-1 -1.686665E-4 6.713741E-5  -1.672841E-3
psi 2.303172E+2 -1.616303E-2 1.695427E-2  -2.446215E-5 9.737115E-6  -2.426165E-4

Pressure in kPa/psi = CO + (C1 x Hz) + (C2 x T) + (C3 x Hz?) + (C4 x Hz x T) + (C5 x T2

Where Hz is the frequency reading in Hertz and T is the Thermistor reading in degrees C.
Tl factors are calculated from temperatures at 5.0, 15.0 and 25.0 degrees C.
Applied pressure and temperature are NIST traceable.

Summary of Test Results at 15C
Thermistor reading is 14.8 6
Applied Pressure is referenced to 1 atm. Calculated Pressure uses ABC Calibration factors.

Applied Equivalent Frequency Calculated Error
(kPa) (psi) (Hz) (kPa) {psi) (%FS)
0.0 0.00 2759.4 0.4 0.06 -0.05
70.0 10.15 2691.9 69.9 10.14 0.02
140.0 20.31 2622.6 139.6 20.25 0.05
210.0 30.46 2551.1 209.9 30.45 0.01
280.0 40.61 2477.9 280.1 40.62 -0.01
350.0 50.76 2403.0 350.0 50.77 0.00
420.0 60.92 2325.9 420.0 60.92 0.00
490.0 71.07 2246.4 490.1 71.09 -0.02
560.0 81.22 21645 560.1 81.24 -0.02
630.0 91.37 2079.9 630.0 91.38 -0.01
700.0 101.53 1992 4 699.8 101.50 0.02

12123 Harbour Reach Drive Suite 106, Mukilteo, WA 98275 USA
www.slopeindicator.com



SLOPE INDICATOR £ :

VW Piezometer Calibration Certificate

Serial # 1402210 Part #: 52611034
Range : 700 kPa Cable Part # : 50613524
Cable Length: 45 m Calibrated by: KB

Date of Calibration: 7/8/2014 Note:

ABC Calibration Factors

A B C
kPa -1.885533E-4 2.856795E-2 1.443441E+3
psi -2.734735E-5 4.143431E-3 2.093534E+2

Pressure in kPa/psi = (A x sz) + (B x Hz) + C, where Hz is frequency in Hertz.

Tl Calibration Factors

Cco C1 Cc2 C3 C4 C5
kPa 1.440101E+3 2.806768E-2 2.117773E-1  -1.885909E-4 4.307205E-5  -1.609062E-3
psi 2.088616E+2 4.070730E-3  3.071462E-2  -2.735183E-5 6.246853E-6  -2.333665E-4

Pressure in kPa/psi = CO + (C1xHz) + (C2xT) +(C3 x sz) +(C4xHzxT)+(C5x Tz)

Where Hz is the frequency reading in Hertz and T is the Thermistor reading in degrees C.
Tl factors are calculated from temperatures at 5.0, 15.0 and 25.0 degrees C.
Applied pressure and temperature are NIST traceable.

Summary of Test Results at 15C
Thermistor reading is 16.5 C.

Applied Pressure is referenced to 1 atm. Calculated Pressure uses ABC Calibration factors.

Applied Equivalent Frequency Calculated Error
(kPa) (psi) (Hz) (kPa) (psi) (%FS)
0.0 0.00 28435 0.1 0.02 -0.02
70.0 10.15 2775.8 69.9 10.14 0.01
140.0 20.31 2706.2 139.9 20.29 0.02
210.0 30.46 2634.6 209.9 3045 0.01
280.0 40.61 2560.9 280.0 40.61 0.00
350.0 50.76 24851 350.0 50.76 0.00
420.0 60.92 2406.7 420.1 60.92 -0.01
490.0 71.07 2325.7 490.0 71.07 0.00
560.0 81.22 22416 560.0 81.23 -0.01
630.0 91.37 21542 630.0 91.37 0.00
700.0 101.53 2063.0 699.9 101.51 0.01

12123 Harbour Reach Drive Suite 106, Mukilteo, WA 98275 USA
www.slopeindicator.com



SLOPE INDICATOR

VW Piezometer Calibration Certificate

Serial #: 1404211 Part #: 52611035
Range : 700 kPa Cable Part # : 50613524
Cable Length: 60 m Calibrated by: KB

Date of Calibration: 12/6/2014 Note:

ABC Calibration Factors

A B c
kPa -1.907203E-4 1.371290E-2 1.537918E+3
psi -2.766164E-5 1.988888E-3 2.230562E+2

Pressure in kPa/psi = (A x sz) + (B xHz) + C, where Hz is frequency in Hertz.

Tl Calibration Factors

Co C1 c2 C3 C4 C5
kPa 1.534389E+3  1.389239E-2  2.046774E-1 -1.908957E-4 4.733165E-5  -2.816794E-3
psi 2.225365E+2 2.014850E-3  2.968490E-2  -2.768611E-5 6.864634E-6 -4.085270E-4

Pressure in kPa/psi = C0 + (C1xHz) +(C2xT) +{C3 x sz) +(C4xHzxT)+(C5x T2)

Where Hz is the frequency reading in Hertz and T is the Thermistor reading in degrees C.
Tl factors are calculated from temperatures at 5.0, 15.0 and 25.0 degrees C.
Applied pressure and temperature are NIST traceable.

Summary of Test Resuits at 15°C
Thermistor reading is 14.9 o

Applied Pressure is referenced to 1 atm. Calculated Pressure uses ABC Calibration factors.

Applied Equivalent Frequency Calculated Error
(kPa) (psi) (Hz) (kPa) (psi) (%FS)
0.0 0.00 28757 02 0.02 -0.02
70.0 10.15 2810.6 69.9 10.13 0.02
140.0 20.31 2743.8 139.7 20.26 0.04
210.0 30.46 2674.9 210.0 30.46 0.00
280.0 40.61 2604.3 280.1 40.62 -0.01
350.0 50.76 2531.9 350.0 50.77 0.00
420.0 60.92 24573 420.0 60.91 0.00
490.0 71.07 2380.3 490.0 71.06 0.00
560.0 81.22 2300.6 560.0 81.23 0.00
630.0 91.37 2218.1 630.0 91.37 0.00
700.0 101.53 21324 699.9 101.52 0.01

12123 Harbour Reach Drive Suite 106, Mukilteo, WA 98275 USA
www.slopeindicator.com
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APPENDIX D
EXISTING EXPLORATIONS BY
HART CROWSER AND OTHERS

In addition to the explorations and laboratory test results presented in Appendices A and B, respectively,
previous soil explorations by Hart Crowser and others were used to gain an understanding of the
subsurface conditions at the proposed development at Point Wells.

Borings previously performed by Hart Crowser and others at the Project site were consulted for the
current report. These logs are included in this appendix, separated by location (slope, Upper Bench, and
Lower Bench). Logs produced by others are presented for reference only and Hart Crowser is not
responsible for the accuracy or completeness of the information presented in the logs. Approximate
locations of these borings are shown on Figures 2 and 3; actual locations may differ from those shown.

1] DRAFT FINAL 17203-54
HARTCROWSER June11,2015March-16,2016August 4, 2016



SLOPE

- DRAFT FINAL 17203-54
HARTCROWSER June-11,-2015March-16,2016August 4, 2016



Boring Log

Project Name: Sheet of
Point Wells 1 3
Job No. Logged by: Start Date: Compietion Date: Boring No.:
10903 SSR 219104 2/8/04 B-1
Crilling Contactor: Crifling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elgvation; Hole Completion:
+236' {1 Monitoring Well (] Piezometer [X] Abandoned, seaied with bentonite
w | N |23 < u @ 3 Surface Conditions: Depth of Topsoil 6": grass
Ga aa‘i [+ % a—
Nees | oo [TRTIESIET 5| 25
R SM | Brown silty fine to medium SAND with gravel, medium dense, moist
8.9 -variable silt content
18.9 -moist fo wet
-6" silt layer
-wet
-possible seepage at 10.5'
83 SP-SM| Brown poorly graded SAND with silt, very dense, moist to wet
-10.2% fines
g
i
5
8
P .
g Boring Log
g Earth Consultants Inc. Point Wells
% Croiechinical Fnginees, Goploghas & Envimnmenl Soentists SnOhomiSh COUI"Ity, Washington
ol
z
&| Proj No. 10903 Dwn. GLS Date Mar. 2004 Checked RAC Date 3/4/04 Plate A2

Subsurface conditions depicted represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and

judgment. They are

CONFIDENTIAL

not necessarily representative of gther times and locations. We cannot accept responsibility for the use or interpretation by others of

tarl An thic lhn

RB-8-00010283




Boring Log

Project Name: Sheet of
Point Wells 2 3
Job Na. Logged by: Start Date: Completion Date: Boring No.:
10803 SSR 2/8/04 2/9/04 B-1
Drifling Contactor: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+236' {_] Monitoring Wel [ ] Piezometer [X] Abandoned, sealed with bentonite
No. |23 | L n T
General W Blows E .g § . E‘ 8 .E
Notes | e (5§50 &l 2|
12.8 : SP-SM| Brown paorly graded SAND with silt, very dense, moist to wet
5 H 21
1 22
23 -
1 24
10.3 » SM | Bray silty fine to medium SAND with gravel, dense, moist
8 26
27
28
29
30
7.6 SP-SM| Gray poorly graded fine SAND with silt, dense, moist
45 a1
32
47 s -very dense
63 36
37
3 38
3
5 39
& i
- :
o Boring Log
g Earth Consultants Inc. Point Wells
§ Gootechinksd Fnginests, Geologlsts & Ervimmitenal Sclentists Snohomish COUnty, WaShington
[}
Z
i Proj.No. 10903 pwn.  GLS pate Mar. 2004 Checked RAC Date 3/4/04 Plate A3

Subsurface conditions depicled represent our observations af the time and location of this exploratory hoke, modified by engineering tests, analysis and

judgment. They are nol necessarily representative of other times and locations. We cannot accept responsibility for the use cr internrataticn i mba—m -

infrarmatinn rracantar An thie e

CONFIDENTIAL

RB-8-00010284




o

1
I

3 10603.GPJ ECL.GDT 24/04

BORIN

Boring Log

Project Name: Sheet of
Point Wells 3 3
Job Na. Logged by: Start Date: Completion Date: Boring No.:
10903 SSR 2/9/04 2/9/04 B-1
Drifing Contactor: Critling Method: Samplfing Method;
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+236' [ Monitaring Well [ piezometer [X] Abandored, seaied with bentonite
28 |- 2 v O
General W - Lo .8l 548
Notes (%) B'mggf?"'ﬁ 2L
17.7 ' SP-SM| Gray poorty graded SAND with silt, dense, wet
-seepage at 40'
21.0 7 9 CL | Gray lean CLAY, very stiff, moist
-
% 47 LL=34 PL=22 PI=12
% )
22249
23.8 22250
70 22251
/ .
gégsa
-
319 % 55
62
7k
Boring terminated at 56.5 feet below existing grade. Groundwater
seepage encountered at 10.5 and 40.0 feet during drilling. Baring
backfilled with bentonite and cuttings.
[ Ty)
S0
o™
o
-
[=]
R [
Boring Log g
Earth Consultants Inc. Point Wells 0
Georechnkal Fnglnees, Geotoglses & Favimomenmal Saentss Snohomish County, Washington o
Proj. No. 10903 Dwn. GLS Date Mar. 2004 Checked RAC Date 3/4/04 Paste A4 |

Subsurface conditions depicted represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and
Judgment. They are not necessarily representative of other times and focations. We cannct accept responsibility for the use or interpretation by others of

infrirmatinn nracantard e thie lna

CONFIDENTIAL



Boring Log

Project Name: Sheet  of
Point Wells 1 2
Job No. Logged by: Start Date: Compietion Date: Boring No.:
10903 SSR 2/9/04 2/9/04 B-2
Driling Contactor: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+246' (] Monitoring Weil [_] Piezometer (X] Abandoned, sealed with bentonite
cenerai w | Mo 2 2 3 Surface Conditions: Depth of Topsail 6" grass
Notes o Blows E A E
O =Y 8 2&a
SM | Brown siity SAND with gravel, medium dense, moist
10.9
3
11.9
30
-seepage at 11.5'
126
5074" |
M~
=)
g 2
& ™
[=~]
3
2 @
2 8 —
ol e R g Boring Log
gl (" ({ ﬂgw Earth Consultants Inc. Point Wells
§ J "”\“ Grotcd mic Fnginaors, Geologlsds & Ervironimennal Scientisns Snohomish COUﬂty, Washington
[}
=
| Proj.No. 10903 pwn. GLS Date Mar. 2004 | Checked RAC Date 3/4/04 Plate A5

Subsurface conditions

CONFIDENTIAL

depicled represent our observations at the time and location of this exploratory hole, medified by engineering tests, analysis and
iuggmeq!. They are got nﬁaﬁfy representative of other times and locations. We cannot accept responsibility for the use or interpretation by others of



3 10903.GPJ ECLGDT 34/04

BCRIN

Boring Log

Project Name: Shest of
Point Wells 2 2
Job No. Logged by: Start Date: Compietion Date: Bering No.:
10903 S8R 219/04 2/8/04 B-2
Drifting Contactor: Drilling Method: Sampling Method:
Baretec HSA SPT
Ground Surface Elevation: Hole Completion:
+2486' [T Monitoring Well [J Piezometer X] Abandoned, sealed with bentonite
General w | N 28 & o3
noes [ 0n TS| SSIET S| B E
7.4 SM | Gray silty SAND with gravel, very dense, moist

Boring terminated at 21.0 feet below existing grade. Groundwater
seepage encountered at 11.5 feet during drilling. Boring backfilled
with bentonite and cuttings.

-3
S
o
S
@
WA Boring Log 2
: ({ y gi”) Earth Consultants Inc. Point Wells
" ,\“ ) Geoechinkal fngineos, Cetdogists & Envimonmenral Scientsns Snohomish County, Washington

Proj. No. 10903 Dwn. GLS Date Mar. 2004 Checked RAC Date 3/4/04 Plate A6

Subsurface conditions depicted represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and
judgment. They are not necessarily representative of ather times and locations. We cannot accept respansibility for the use or interpretation by others of

infArmatinn reacontand An thic lan

CONFIDENTIAL



Boring Log

Praject Name: Sheet of
Point Wells 1 4
Job No. Logged by: Start Date: Compietion Date: Boring No.:
10903 SSR 2/8/04 218/04 B-3
Driling Contactor: Criiling Method: Sampling Method:
Boratec HSA SPT
Ground Surface Elevation: Huode Completion:
+160' (] Monitoring Well (] Piezometer (X] Abandoned, sealed with bentonite
Soncral w Br o Ei 3 s é 2 3 Surface Conditions: Depth of Forest Duff 8"
naes | o [0 55T 5| 2 E
sM Brown sil%SAND with gravel, fcose to medium dense, moist
; (Possibie Fill)
2
3
4
57 > -iron oxide staining
20 5 -variable silt content
7
8
8 - -
SM | Brown silty SAND with gravel, dense, moist
13.2
44
2.2 -becomes wet, possible seepage
73’
=1
-]
[ ]
(=]
b ol
o
(=]
o
°'9
m
- @
Boring Log
Earth Consultants Inc. Point Wells
GeorechinkCal Fagineans, Geotnglsts & Fnvimmmennal Sclentiss Snohomish County, Washington
Proj. No. 10903 Dwn. GLS Date Mar. 2004 Checked RAC Date 3/4/04 Plate A7

BORING w6 10003.GPJ ECLGDT 34/04

Subsurface conditions depicted represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and
judgment. They are not necessarily representative of other times and locations. We cannot accept responsibility for the usa or interpretation by others of

wnfrrmatinn Aracantad Aan thic ban

CONFIDENTIAL



Boring Log

Project Name: Sheet of
Point Weilis 2 4
Job No, Leogged by: Start Date: Compietion Date: Boring No.:
10903 SSR 2/9/04 2/8/04 B-3
Drilling Contactor: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Eievation: Hole Compietion:
+160' [_] Monitoring wWeil [ Piezometer (X} Abandoned, sealed with bentonite
Gereral | W | Mo 3l w3
Bl £ E
Noes | ) |Try e
137 SM | Gray silty SAND with gravel, very dense, moist
50/5"
-contains thin layer of organic matter
27.3 -iron oxide staining
21 -becomes wet, possible seepage
CL Gray lean CLAY, stiff, moist
247
20
ML | Gray fine sandy SILT, medium dense, wet
32
13 -possible seepage at 31'
34
314 | 35 wet
16 -seepage at 35.5'
SM | Gray silty fine SAND, medium dense, moist
(=]
3 =
= o
@ =
S
g
g - o
5 Boring Log o
g Earth Consultants Inc. Point Wells
g Gootechnkal Fngleos, Goooghsts & Ravimnnenm! Sclenses Snchomish County, Washington
[&]
Z
&| Proj.No. 10903 Dwn. GLS Date Mar. 2004 | Checked RAC Date 3/4/04 Plate A8

Subsurface conditions depicted represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and
judgment. They are not necessarily representative of other times and locations. We cannot accept responsibility for the use or interpretation by cthers of

infrrmatinn nrmcantad An thie lan

CONFIDENTIAL



BORING LOG 10903.GPJ ECLGDT 4/04

Cc

Boring Log

Project Name: Sheet of
Point Wells 3 4
Job No. { ogged by: Start Date: Compietion Date: Boring No.:
10903 SSR 2/9/04 2/8/04 B-3
Drilling Contactor: Crilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+160' {_] Monitoring well [J piezometer (X] Abandoned, sealed with bentonite
No. 2% | o »n o
General w rajs .4a| gL
nes | ow |PRSIESIETE S5
30.3 SM | Gray silty fine SAND, medium dense, moist
13
ML | Gray SILT, mediumn dense, moist
42
43
44
SM | Gray silty fine SAND, medium dense, moist to wet
26.9
-possible seepage zone
347
ClL Gray lean CLAY, stiff, moist
LL=50 PL=23 PI=27
SM | Gray silty fine SAND, medium dense, wet
25.7 '
CL Gray silty CLAY, stiff moist
ML | Gray SILT, stiff, wet
58
RB-8-00010291
59

h flll\\

)

MG

Earth Consultants Inc.

Geotech inkcal Englneess, Conloghses & Fovironn koal Sclenmses

Boring Log
Point Welis
Snohomish County, Washington

Proj. No. 10803

pwn. GLS

Date Mar. 2004

Checked RAC

Date 3/4/04 Plate A9

Subsurface conditions depicted represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and

judgment. They are not necessari

infrrmatinn rracaniad An thie lne

ONFIDENTIAL

ly representative of other times and locations. We cannot accept responsibility for the use or interpretation by others of




Boring Log

Project Name: Sheet of

Point Wells 4 4
Job No. Logged by: Start Date: Completion Date: Boring Ne.:

10903 S8R 2/9/04 2/9/04 B-3
Drilling Contactor, Drilling Method: Sampling Method:

Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+160' (] Monitoring Well [] Piezometer [X] Abandoned, sealed with bentonite

General w No. | 2 2|5 = 4| @ 8

Nates (%) Bgﬁg%g“g §§
337 ML | Gray SILT, very stiff / hard, moist
59
61

Boring terminated at 61.5 feet below existin%
seepage encountered at 15.0, 26.0, 35.5, 46.
drilling. Boring backfilled with bentonite and cuttings.

rade. Groundwater
and 55.0 feet during

RB-8-00010292

Earth Consultants Inc.

Groterd mikzal Frgineoss, Goplnglars & Envimmnenct Sclentas

Boring Log
Point Weils

Snohomish County, Washington

BORING LU 10803.GPJ ECL.GDT /4/04

Proj. No. 10903

Dwn.  GLS

Date Mar. 2004

Checked RAC

Date 3/4/04

Plate A10

Subsurface conditions depicted represent our cbservations at the time and location of this émloratmy hole, modified by engineeting tests, analysis and

judgment. They are not necessarily representative of cther times and locations. We cannot accept responsibility for the use or interpretation by others of

infrrmatinn nescaniad rn thie lan

CONFIDENTIAL




Boring Log

Project Name: Shest of
Point Wells 1 2
Job No. Logged by: Start Date: Completion Date: Boring No.:
10803 SSR 2/9/04 2/9/04 84
Driing Contactor: Driting Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+206' [ Monitoring Wel [ Piezometer X} Abandoned, sealed with bentonite
| w | No. e 2l a3 Surface Conditions: Depth of Topsoil 8" grass
G"‘Nd'e"’ . |Blows SXE| Q€
es A | gt S gl 3a
SM | Brown siity SAND with gravel, medium dense, moist
1
2
3
4
16.4 ° -becomes wet, possible seepage
12 6
7
-gray
8
g
282 10 wet
%0 1
12
13
14
285 . 15
33 16 ML Gray SILT, stiff, moist
" -sand layers
3 18
& RB-8-00010293
g 19
2
g Boring Log
g Earth Consultants Inc. Point Wells
8 Geptechnical Fnginets, Grologises & Favironuenml Belentses Snohomish County, Washington
©
=
§ Prof. No. 10903 Dwn. GLS Date Mar. 2004 Checked RAC Date 3/4/04 Plate A1

Subsurface conditions depicted represent our cbservations at the time and location of this exploratory hole, modified by engineering tests, analysis and

judgment They are not necessarily representative of other times and locations. We cannot accept responsibility for the use or interprefation by ofhers of

infArmatinn nrocaniod An thie lan

CONFIDENTIAL




Boring Log

Project Name: Sheet of
Point Wells 2 2
Job No. Logged by: Start Date: Completion Date: Boring No.:
10803 SSR 2/9/04 2/9/04 B-4
Drilling Contactor: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Compietion:
+206' (] Monitoring Weft O] Piezometer [X] Abandoned, sealed with bentonite
No. €3 LB na
Generai w 49|52 o8
Naes | o0 RS 8 5IET ] 25
2B.3 7 CL | Gray lean CLAY, very stiff, moist
39 / o1
% 22
% 23
/ 24
25 - -
27.0 ML Gray SILT, stiff, moist
32
% -wet sand layers
27
28
29
235 % T |SP-SM|_Gray poorly graded fine SAND with silt, very dense, wet
61 31 ML | Gray SILT, hard, wet, possible seepage zone

Boring terminated at 31.5 feet below existing grade. Groundwater
seeﬁ??e encountered at 5.0 and 30.0 feet during drilling. Boring
backfilled with bentonite and cuttings.

RB-8-00010294

Earth Consultants Inc.

Geotech nksal Fnginecns, Geologksts & Frvironnenal Scleniss.

Boring Log
Point Wells
Snohomish County, Washington

BORING LOG 109023, GPJ ECLGDT 34/04

Proj. No. 10903

own, GLS

Date Mar. 2004

Checked RAC Date 3/4/04 Plate A12

Subsurface conditions depicted represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and
judgment, They are not necessarily representative of other times and locations. We cannot accept responsibility for the use or interpretation by athers of

Frwrn stinn rracantad an thic lan

CONFIDENTIAL




Boring Log

Project Name: Sheet of
Point Wells 1 2
Job No. Logged by: Start Date: Compietion Date: Boring No.:
10903 SSR 2/0/04 2/9/04 B-5
Drilling Contactor: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Compietion:
+218' [ Monitoring wet (] Piezometer [X] Abandoned, sealed with bentonite
wlN €8s 2 a3 Surface Conditions: Depth of Topsail 6"; grass
General o, Bows ! ZE|SZ €| §E
Notes B R |ga|0 & 5&
SM | Brown silty SAND with gravel, medium dense, moist to wet
9.8 -very dense
-gray
10.6 — |
SP-SM| Brown poorly graded SAND with silt, very dense, wet
26.5
-seepage zone
g RB-8-00010295
B
2
g -
o Boring Log
g Earth Consultants Inc. Point Wells
§ Geodechiical Fnginears, Cooioghsns & Eovironnenmal Sclenttss Snohomish County, WaShington
Q0
Z
8| Proj. No. 10903 bwn. GLS Date Mar. 2004 | Checked RAC Date 3/4/04 Plate A13

Subsurface conditions depicted

CONFIDENTIAL

ent our cbservations at the time and location of this exploratory hole, modified by engineering tests, analysis and
judgment. They are not necessarily representative of other times and locations. We cannot accept responsibility for the use or interpretation by others of

infrrmatinn rracantarl nn thic lan




BORING LOG 10903,GPJ ECL.GDT 3/4/04

Boring Log

Project Name: Sheet of

Point Wells 2 2
Job No. Logged by: Start Date: Completion Date: Boring No.:

10903 SSR 2/9/04 2/9/04 B-5
Drilling Contacior: Crilling Method: Sampling Method:

Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+218' (] Monitoring Well ] Piezometer [X] Abandoned, sealed with bentonite

Goneras | W | N [£3fs 2l a3

Naes | oo (O EEIET 5 25
209 SP-SM| Brown poorly graded SAND with silt, dense, water bearing
45

Boring terminated at 21.5 feet below existing grade. Groundwater
geeﬁg?e encountered at 15.0 and 20.0 feet durin
ac

g drilling. Boring
ed with bentonite and cutlings, '

RB-8-00010296

N

Earth Consultants Inc.

i
\] Georeciinkal Fnginedas, Geologhs & Envimninenial Scenriss

Boring Log
Point Wells

Snohomish County, Washington

Proj. No. 10903

own. GLS

bCate Mar. 2004

Checked RAC

Date 3/4/04

Plate A14

Subsurface conditions depicted represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and
judgment. They are not necessarily representative of cther times and locations. We cannat accept responsibility for the use or interpretation by others of

ifrematinn cracantad An thic bl

CONFIDENTIAL




BORING LU 10803.GPJ ECLGDT 3/4/04

Boring Log

Project Name: Sheet of
Point Wells 1 3
Job No. Logged by: Start Date: Compiletion Date: Boring No.:
10803 SSR 2/10/04 2/10/04 B-5
Drilling Contactor: Drilling Method: ' Sampling Method:
Boretec HSA SPT
Ground Surface Elevatiorn: Hode Compiletion:
+186' ('] Monitoring Well X Piezometer ] Abandoned, sealed with bentonite
Sencral w B[::;s % é s é‘ @ ‘_E Surface Conditions: Depth of Topscil 6" grass
Notes w R 5588 Sa

14.3

21.0

275

~wet

-gray

-contains gravel

-variable silt content

-possible seepage zone
-17.1% fines

SM | Brown silty fine to medium SAND, medium dense, moist

CL Gray lean CLAY, stiff, moist

-sand lenses
LL=33 PL=23 PI=10

RB-8-00010297

Earth Consultants Inc.

Gootechinkc! Fnginees, Coolog@sts & Eaviroamental Scieaisns

Boring Log
Point Wells

Snohomish County, Washington

Proj. No. 10903

pwn. GLS

Date Mar. 2004

Checked RAC

Date 3/4/04 Plate A15

Subsurface conditions depicted represent our chservations at the time and location of this exploratery hole, modified by engineering tests, analysis and
judgment. They are J}ot nio&shsgmy representative of other times and locations. We cannot accept responsibility for the use or interpretation by others of
infrrrratien rracont A thic

CONFIDENTIAL




Boring Log

Project Name: Shest of
Point Wells 2 3
Job No. Logged by: Start Date: Compietion Date: Boring No.:
10803 SSR 2M0/04 2/10/04 B-6
Criling Contactor: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+186" (] Monitoring Well X Piezometer (] Abandoned, sealed with bentonite
No. | 28T |le 2| wg
General W E2|E- 2 o
Noes | o0 |PREIESIET S S5
28.8 ML Gray SILT, stiff, moist
21 21
22
23
24
28.5 2 CL | Graylean CGLAY, very stiff, moist
29 / 26
/ 27 -silt lenses
% .
% 29
7R _
27.8 ML | Gray SILT, very stiff / hard, wet
44
31
a2 -seepage zone
33
34
32.0 . / 3 CL Gray lean CLAY, stiff, maist
25 / 15
% 37
/ .
/ RB-§-00010298
/ 39
7
Boring Log
Earth Consultants Inc. Point Welis
Gunsechinical Enginers, Grologists & Emvireamenial sl Snohomish County, Washington
Proj. No. 10903 own. GLS Date Mar. 2004 Checked RAC Date 3/4/04 Plate A16

BORING LOWw 10903.GPJ ECLGOT 3/4/04

Subsurface conditions depicted represent our observations at the time and location of this esploratory hole, modified by engineering tests, analysis and
judgment. They are not necessarily representative of ather times and locations. We cannot accept responsibility for the use or interpretation by others of

infrrmatinn rescanted nn thie jnn

CONFIDENTIAL



Boring Log

10903.GPJ ECL.GDT 34104

BORING L.

23

Project Name: Sheet of
Point Wells 3 3
Job Ne. Logged by: Start Date: Comgpietion Date: Boring No.:
10903 SSR 2/10/04 2/10/04 B6
Drilling Contactor: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+186' {1 Monitoring Well X Piezometer [] Abandoned, sealed with bentonite
conerst | W | Mo |28 4} 38
| oo || BEEEE 85
280 CL | Graylean CLAY, stiff, moist

Boring terminated at 41.5 feet below existing grade. Groundwater
seepage encountered at 11.0 and 31.0 feet during drilling. 1" PVC
Standpipe installed to 41.5 feet. Lower 30.0 - 40.0 feet slotted.
Boring backfilled with sand and bentonite. Concrete well cap.

RB-8-00010299
Boring Log
Earth Consultants Inc. Point Wells
Geotecimnical Fnglnecs, Geplogists & Eovionmenal Scianises Snohomish County, Washington
Proj. No. 10903 pwn. GLS Date Mar. 2004 Checked RAC Date 3/4/04 Plate A17

Subsurface conditions depicted represent our cbservations at the time and location of this exploratory hole, modified by engineering tests, analysis and
judgment. They are not necessarily representative of other times and locations. We cannot acoept responsibility for the use or interpretation by others of

infrernaticn nracantod An thic lon

CONFIDENTIAL




10903, GPJ EC)IGOT 34/04

BORING L

Boring Log

Project Name: Sheet of
Point Wells 1 3
Job No. Logged by: Start Date: Compietion Date: Boring No.:
10903 S8R 2M10/04 210/04 B-7
Driliing Contacior: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Compietion;
+200' [ Monitoring Wetl X Piezometer [ Abandoned, sealed with bentonite
= | Surface Conditions: Depth of Topsoil 6*; grass
General Wl %:é 3 & ’
Notes R | TR &3 S5
SM | Brown silty fine to medium SAND. medium dense, moist
1
2 .
-contains gravel
3
4
26.5 5
14 5 ML | Gray brown SILT, stiff, moist
7 -iron oxide staining
8
9
27.4 10
2 11
-possible seepage zone at 11'
12
13 Li=29 PL=24 PI=5
14
31.0 . 1
25 1 -poorly graded wet sand layer, 4" thick
17
18
RB-8-00010300
19
Boring Log
Earth Consultants Inc. Point Wells
Croreetinicol Fnginma, Geoiog: & Rnvironmenml Sclenfss Snohomish County, Washington
Proj. No. 10903 Dwn. GLS Date Mar. 2004 | Checked RAC Date 3/4/04 Plate A18

Subsurface conditions depicied represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and
judgment. They are not necessarily representative of other times and locations. We cannot accept responsibiiity for the use or interpretation by others of

inframotinn rracantad an thic inn

CONFIDENTIAL



e

Boring Log

Project Name: Sheet of
Point Wells 2 3
Job No. Logged by: Start Date: Compietion Date: Boring No.:
10903 SGR 2/10/04 2/10/04 B-7
Driliing Contactor: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion;
+200' [C] Monitoring well Xl Piezometer [J Abandoned, sealed with bentonite
No. | £ ¢ = B ;n B
General | W lBows| §E |5 E| 3 F
es @ F|5a|e & 2&
28.0 ML | Gray SILT, stiff, moist
23 .
2
23
24
27.5 %
41
26
27
28
29
296 30 -wet
35 1 -seepage zone
32
33
34
2786 3 -wet
39 35 -with fine sand
37
3 38
s RB-8-00010301
g 39
g
8 .
= Boring Log
g Earth Consultants Inc. Point Wells
é . Geoeclinkcal Fnginers, Goologhsts & Rnvironmeneal Scennss Snohomish County, Washington
(&)
r4
8{ Proj. No. 10903 pwn. GLS Date Mar. 2004 | Checked RAC Date 3/4/04 Plate A19

Subsurface conditions depicted represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and
judgment. They are nol necessarily representative of other times and iocations. We cannot accepl responsibility for the use or interpretation by others of

nfrrmating rracantad An thic laa

CONFIDENTIAL




10903.GPJ ECL.GDT 3/4/04

BORING L.

Boring Log

Project Narme: Sheet of
Point Wells 3 3
Job No. Logged by: Start Date; Completion Date: Boring No.:
10903 SSR 2/10/04 2/10/04 B-7
Drilling Contactor: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+200" L] Monitoring Welt X riezometer (] Abandoned, sealed with bentonite
No. | €% le 8| 4T
General w £E0(8 .8 o8
e oo [PREIEEET S S5
29.1 7/ CL | Graylean CLAY, stiff, moist
28
/ 41
% 42
/ )
% i
26.0 / 45 -massive texture
28 / 4%
/ .
% 48
% 49
/ 50
25 // 51
/1

standpi

Boring terminated at 51.5 feet below existing grade. Groundwater
seepage encountered at 11.0 and 30.0 feet during drilling. 1" PVC
instatled to 51.5 feet. Lower 30.0 - 40.0 feet slotted.
Boring backfilled with sand, bentonite. Concrete well cap.

rB-8-00010302

g

)

Earth Consultants Inc.

Geotectmical Engineers, Geologhss & Envimnmental Soentiss

Boring Log
Point Wells
Snohomish County, Washington

Proj. No. 10803

Dwn. GLS

Date Mar. 2004

Checked RAC

Date 3/4/04

Plate A20

Subsurface conditions depicted represent our observations at the time and location of this exploratory hole, modified by engineering tests, anatysis and
judgment. They are not necessarily representative of other times and locations. We cannot accept responsibility for the use or interpretation by olhers of
infArmatinn nracantad An thice lon

CONFIDENTIAL




Boring Log

10803.GPJ ECLGDT 374104

Geotechnkal Engineers, Gemiogdises & Environmental Sclentiss

Project Name: Sheet of
Point Wells 1 5
Joby No. Logged by Start Date: Compietion Date: Boring No.:
10903 SSR 2M10/04 2/10/04 B-8
Drilling Contactor: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Compietion:
+242" [ Monitoring Well X Piezometer (] Abandoned, sealed with bentonite
= = | Surface Conditions: Depth of Topsoil 8™ grass
s | W |0 12312 8 03 A
Notes W R |S&8° 8 55
SM | Brown silty fine to medium SAND with gravel, medium dense, moist
11.8 -moist to wet
SP-SM| Brown poorly graded SAND with silf, medium dense, moist
2.0
-7.3% fines
SM Brown silty SAND with gravel, very dense, moist
116
RB-8-00010303
Boring Log
Earth Consultants Inc. Point Wells

Snohomish County, Washington

BORING _

Proj. No. 103903

own. GLS

Date Mar. 2004

Checked RAC

Date 3/4/04

Plate AZ21

Subsurface conditions depicted represent our observations at the time and location of this expioratory hole, modified by engineering tests, anafysis and

judgment. They are not necessarily representative of other limes and locations. We cannot accept responsibility for the use or interpretation by others of

wframnation rrocordard o thic

CONFIDENTIAL

ey




5 10803.GPJ ECI.GDT 314/04

BORIM

Boring Log

-seepage at 30'

Project Name: Sheet of
Point Wells 2 2
Job No, Logged by: Start Date: Completion Date: Boering No.:
10603 SER 2/10/04 2/10/04 B-8
Drilling Contactor: Crilling Method: Sampiing Method:
Boretec HEA SPT
Ground Surface Elevation: Hole Completion:
1242' {_J Monitoring Well (X! Piezometer [ 1 Abandoned, sealed with bentonite
General w 83
Notes | (%) 3
2.0 SP-SM| Brown poorly graded SAND with silt, very dense, moist
SM | Brown silty SAND with gravel, very dense, moist
47
SP-SM| Brown poorly graded SAND with silt, very dense, wet
17.8

Boring terminated at 31.5 feet below existing grade. Groundwater
seepage encountered at 30.0 feet during excavation, 1" PVC
slangfplpe instalied to 31.5 feet. Lower 10.0 feet slotted. Boring
backfilled with sand and bentonite. Concrete well cap.

RB-8-00010304

Earth Consultants Inc.

Grtiechinkal Englnecs, Crologhss & Brvironnenial Scicoists

Boring Log
Point Wells

Snohomish County, Washington

Proj. No. 10903

Dwn.

GLS

Date Mar. 2004

Checked RAC

Date  3/4/04

Plate A22

Subsurface conditions depicted represent our cbservations at the time and location of this

judgm They are not necessari tative of other times and jocations. We cann
Jucgment. They are nat n Yy represen

nn thic dnes

CONFIDENTIAL

exploratory hole, modified by engineering tests, analysis and
ot accept responsibiiity for the use or inlerpretation by others of




10203.GPJ ECLGDT ¥4/04

BORING .

Boring Log

Project Name: Sheet of
Point Wells 1 4
Job No. Logged by: Start Date: Compietion Date: Boring No.:
10903 SSR 2/11/04 2/11/04 B-9
Crifling Contactor: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+132' (] Monitoring Weli (] Piezometer [X] Abandoned, sealed with bentonite
_ _ S ) . H
coneral w BTO' EZ ‘; < | é 2 -é urface Conditions:  Heavy brush, saplings and blackberry brambies
Notes o | |ES5E% 8 85
SM | Brown silty SAND with grave!, loose to medium dense, moist
21.4
-gray
~wet
ML Gray SILT, siiff, moist, with sand lenses
313
CH | Grayfat CLAY, stiff, moist
40.4 LL=64 PL.=29 Pi=35
RB-8-00010305

Earth Consultants Inc.

Geotecimical Engineens, Goologhses & Envimommenral Scenttses

Boring Log
Point Wells
Snohomish County, Washington

Proj. No. 10803

Dwn. GLS

Date Mar. 2004

Checked RAC

Date  3/4/04

Plate A23

Subsurface conditions depicted represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and
judgment. They are nof nﬁaﬁly representative of other times and locations. We cannat accept responsibility for the use or interpretation by others of

irfrrmatdicn rracontad An

CONFIDENTIAL




Boring Log

Project Name: Sheet of
Point Welis 2 4
Job No. Logged by Start Date: Completion Date: Boring No.:
10903 SSR 2/11104 2/11/04 B-8
Drilling Contactor: Drilling Method: Sampiing Method:
Boretec HSA SPT
Ground Surface Elevation: Hote Completion:
+132' (] Monitoring Wel 1 Piezometer Abandoned, sealed with bentonite
No. 885 = L] @O
General w £2|8 -9 54
noes oo |PREIEE|8T 5| 85
30.4 ML | Gray SILT, shff, wet
10
SP-SM| Gray poorly graded very fine SAND with silt, medium dense, wet
-seepage at 21"
28.6
20
29.0
22
ML | Gray fine sandy SILT, medium dense, moist to wet
32
33
34
35 - -
29.8 . CL Gray lean CLAY, stiff, moist
20 /4
SP-SM| Gray poorly graded fine SAND with silt, medium dense, wet
-seepage at 36'
RB-8-00010306
\ Boring Log
Earth Consultants Inc. Point Wells
Geotechnical Fnginecns. Geploglsts & Bivimmnernsal Sclentbsts. SnOhomiSh County, Washington
Proj. No. 10903 pwn.  GLS Date Mar. 2004 Checked RAC Date 3/4/04 Plate A24

BORING LOG 10803,GPJ ECLGDT 34/04

Subsurface conditions depicted represent our cbservations at the time and location of this exploratory hole, modified by engineering tests, analysis and
judgment. They are not nﬁrﬂy representative of other times and locations. We cannot accept responsibility for the use or interpretation by others of

mirrmodian reacontord an thie

CONFIDENTIAL



Boring Log

BORING LOG 10903.GPJ ECIL.GOT 34/04

Project Name: Sheet of
Point Wells 3 4
Job No. Logaed by: Start Date: Complefion Date: Baoring No.:
10803 S8R 2/11/04 2/11/04 B-9
Dirilling Contacior: Drilling Method: Sampling Method:
Borelec HSA SPT
Ground Surface Elevation: Hole Completion:
+132' L] Monitoring well [L] Piezometer X Abandoned, sealed with bentonite
No. | 23 L ng
General W £8|5 . .=l 84
. Notes o | T §§- §"'§ 22
33.0 SM | Gray silty fine SAND, medium dense, wet
19
-seepage zone, 62.2% fines
30.4 -silt and clay layers
24 “wet
301 -wet
14 —clay layer
38.2 N :
26 7 56 CL Gray lean CLAY, stiff, moist, with silt and sand lenses
% .
/ .
/ 59 RB-B-OUO'\ 0307
%,
Boring Log
Earth Consultants Inc. Point Wells
Gooiect mical Enginters, Geokglis & Environnenmal Sclentsn SnDthiSh COUnty, WaShington
Proj. No. 10903 Dwn. GLS Date Mar. 2004 Checked RAC Date 3/4/04 Pate A25

Subsurface conditions depicted represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and
judgment. They are not necessarily representative of other times and locations. We cannotl accept responsibility for the use or interpretation by others of

infrarnotine rrasondanrd An thic ine

CONFIDENTIAL




3 10903.GPJ ECLGOT 3/4/04

BORINy

Boring Log

Project Name: Sheet of

Point Wells 4 4
Job Ne. Logged by: Start Date: Compietion Date: Boring No.:

10903 SSR 2111/04 2/11/04 B-9
Drilling Contactor: Drilling Method:; Sampiing Method:

Boretec HSA SPT
Ground Surface Elevation: Hole Comnpietion:
+132' [ Monitoring Weil ([ Piezometer [X] Abandoned, seated with bentonite

General w | No. 2 3ig = al 28

noes | on | EEIET S S E
305 Gray lean CLAY, stiff, moist, with sand lenses
24

Boring terminated at 61.5 feet below ex:shn% ?rade Groundwater
seepage encountered at 21.0, 36.0 and 40
Boring backfilled with bentonite and cutfings.

eet during drilling.

RB-8-00010308

Earth Consultants Inc.

Geomctrkcal Fnginess., Geoibglses & Favimonmenal Sclentlms

Boring Log
Point Wells

Snohomish County, Washington

Proj. No. 10903

own. GLS Date Mar. 2004

Checked RAC

Date 3/4/04 Plate A26

Subsurface conditions depicted
judament. They are not necessari

infrrrnotisae rracantaerd cn thie e

CONFIDENTIAL

represent our observations at the time and location of this exploratery hole, modified by engineering tests, analysis and
ily representative of other times and locations. We cannol accept responsibility for the use or lnierpretat by cthers of




BORING LUG 10803,GPJ ECLGDT 34104

Boring Log

Project Name: Sheet of
Point Wells 1 3
Job No. Logged by: Start Date: Completion Date: Boring Na.:
10603 SSR 2/11/04 2/11/04 B-10
Drilling Contactor: Drilling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+142' [] Monitoring Well Xl Piezometer L] Abandoned, sealed with bentonite
w | No. e e a 3 Surface Conditions: Heawy brush, saplings and biackberry brambies
General =R
Noies | ) || EEET S 25
SM | Brown silty fine SAND with gravel, mediumn dense, wet
1
2
3
4
23.0 5 -gray
16 6 -wet, seepage zone, 17.8% fines
7
8
9
235 10
16 11 ML Gray fine sandy SILT, medium dense, moist
12 -sand lenses
13
14
354 . 15 CL | Graylean CLAY, stiff, moist
12 45
/ -massive texture
/ 17 LL=35 PL=22 PI=13
/ 18
/ RB-8-00010309
/ 19
%
Boring Log
Earth Consultants Inc. Point Wells
7 Croiechnical Fnglnesas, Geologlses & FEavironmienial Scientsts Snohomish County, WaShil'IgtOﬂ
Proj. No. 10903 Dwn, GLS Date Mar. 2004 Checked RAC Date 3/4/04 Plate A27

Subsurface conditions depicled represent our observations at the time and location of this exploratory hole, modified by engineering tests, analysis and

judgment. They are not necessari

infrrmatinn reacantad nn thic Inn

CONFIDENTIAL

ly representative of other imes and locations. We cannot accept responsibility for the use or inferpretaiion by cthers of




Boring Log

Project Name: Sheet of
Point Wells _ 1 3
Job No. Logged by: Start Date; Compietion Date: Boring No.:
10903 SSR 2/11/04 2/11/04 B-10
Drilling Contactor: Drilfing Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+142' ] Monitoring Well (X] Piezometer [} Abandoned, sealed with bentonite
_ _ LT - I-
w | N (273 s o a3 Surface Conditions: Heavy brush, saplings and blackberry brambies
o Blows %‘ E @ LW £ w0 E
Notes ) e |G&|E & &
SM | Brown silty fine SAND with gravel, medium dense, wet
23.0 -gray
16 -wet, seepage zone, 17.8% fines
235
16 11 ML Gray fine sandy SILT, medium dense, moist
12 -sand lensas
13
14
39.4 . 15 CL Gray lean CLAY, stiff, moist
12 16
/ -massive texture
17
/ LL=35 PL=22 P|=13
/ 18
/ RB-8-00010309
/ 19
7

Al

Earth Consultants Inc.

GeotechniCal Fnginess, Geologisas & Ervimonn enml Scienfises

Boring Log
Point Wells

Snohomish County, Washington

BORING LuG 10803.GPJ ECI.GDT 3/4/04

Proj. No. 10903

Dwn. GLS

Date Mar. 2004

Checked RAC

Date 3/4/34 Plate A27

Subsurface conditions depicted represen

t our observations at the time and |ocation of this exploratory hole, modified by engineering tests, analysis and

judgment. They are not necessarily representative of cther times and locations. We cannot accept responsibiity for the use or interpretation by others of

infrrmatinn nracantad An thie lan

CONFIDENTIAL




S 10803.GPJ ECLGDT 4/04

BORIN.

Boring Log

Project Name: Sheet of
Point Wells 2 3
Job No. Logged by Start Date: Compiletion Date: Boring No.:
10803 SSR 2111104 2/11/04 B-10
Drilling Contactor: Driiling Methogd: Sampiing Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+142" [[] Monitoring We X Piezometer (] Abandoned, sealed with bentonite
No. |25 2l pn D
General w Ea8|lg .8 o8
noes | o | PRI ESIET 5 25
411 ML Gray fine sandy SILT, medium dense, maist
R 21
22
23 -
24
31.5 SM Gray silty fine SAND, dense, wet
31
-seepage zone
319 -wet
25
238 ,
50/6"
RB-8-0001031 0
Boring Log
Earth Consultants Inc. Point Wells
Grorechnical Frogingess, GeolDglsis & Envirimnnal Scheias SnOhomiSh County, WaShingtOﬂ
Proj. No. 10903 Dwn. GLS Date Mar. 2004 Checked RAC Date  3/4/04 Piate A28

Subsurface conditions depicted represent our observations at the time and focation of this exploratory hole, medified by engineering tests, analysis and
fudgment. They are not necessarily representative of other times and locations. We cannot accept responsibility for the use or interpretation by ofhers of

minmnatinn rracantard A thie nn

CONFIDENTIAL




Boring Log

s 10803.GPJ ECLGDT 3/4/04

BORING

Project Name: Sheet of
Point Wells 3 3
Job No. Logged by: Start Date: Completion Date: Boring No.:
10803 SSR 2/11/04 2/11/04 B-10
Driliing Contactor: Dritling Method: Sampling Method:
Boretec HSA SPT
Ground Surface Elevation: Hole Completion:
+142 ] Monitoring Well X Piezometer [_] Abandoned, seaied with bentonite
Q = [] r—4
Gﬁ“mm’ w sms 5 £ 522 § g
oles ) R |gale § &

38.1

20 41

N

Gray lean CLAY, stiff, moist, massive, occasional sand lens

Boring terminated at 41.5 feet below exsting grade. Groundwater
seepage encountered at 9.0 and 26.0 feet duning drilling. 1" PVC
standpipe installed to 41.5 feet. Lower 20.0 - 30.0 feet siofted.
Boring backfilled with sand and bentonite. Concrete well cap.

RB-8-00010311

Earth Consultants Inc.

Croiechnlcal FnglresDs, Gaologlsss & Envimonivenral Scientlsms

Boring Log
Point Wells

Snohomish County, Washington

Proj. No. 10803

Dwn. GLS Date Mar. 2004 Checked RAC

Date 3/4/04 Plate A29

Subsurface conditions depicted represent our observations at the time and location of this exploratery hole, modified by engineering tests, analysis and

judgment. They are not necessari

infrrmolinm rracantard An thie lan

CONFIDENTIAL

ly representative of other times and locations. We cannot accept responsibility for the use or interpretation by others of




Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-101

Contract Number: E23007E ShepLlof 8
Date(s Geotechnical Logged Checked
Drille(d) 3M9/03 - 3/20/03 Consultant Camp Dresser & McKee Inc. Bygg SHE/TCB By VJP 02-03-04
Drilling Method/Rig TypeRoto-Sonic/Mud Rotary/ T3 [ 2019 Cascade Drilling, Inc. TolClhpi 140.0 feet
Casing w— ; , " Ground Surface
Size/Type 6"/4 Hammer Weight/Drop (Ibs/in.) 300#/ 30 Elevation/Datum 1312 feet/ Metro
Location NW Richmond Beach Dr and 205th St | Coordinates N 287747  E 1256907 Elevation Source  Survey
SAMPLES <
e < |=|g 50 i
= " = ad =S 0 T
§_ £ 5| = S| e MATERIAL DESCRIPTION 2§ | g | _£| REMARKSAND
o8 8Ble 2| ¢ s |88 Sg | = |85| OTHERTESTS
we olfge 5| 8z (8| 8| @ 25 | § |85
0 - = = ¥ | ®O| D ow | 4 |ada
10 Inches Asphaltic Concrete Pavement ’
130 T I~ Sandy GRAVEL (GW) and cobbles (af) T #
s
N I~ T I
1 - B Fd
Ve
5+ B —-| |-
7
—125 ] i ]
4
7 ’
i Medium dense, olive gray, wet, slightly silty 3 Logged from cuttings to 20
| | SAND (SP-SM), trace rounded gravel, 4 ft bgs
poorly-graded, homogeneous (Qpfnf) 4
107 — P V4
e
—120 1 i 1 y
-4 = B s
rd
T I ] s
&) - B Vd
15— = = ’
—115 i i T £
n | h 7
v
— r N e
) i i e
20y 10-17- B N “ [msA
|m| 1 19 67 i i y
110 (36) 5
T B T /
- - - 4
4
=} ; B ] /
25— AL = = .

Groundwater Observation Data:

OW (FT BGSY: 340 (Low)  26.8 (High)

Recovery values > 100 indicate sample expansion during sampling.

Remarks:Negative Groundwater Data indicates measurements above Ground Surface
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-101
Project Location: King & Snohomish Counties, Washington

Contract Number: E23007E ) Shest2 of 5
SAMPLES <
= £ 21| & 5o 5
= & - — g9 @ k]
8 £ 5 | = gl e MATERIAL DESCRIPTION €5 | % | _E| REMARKSAND
5% 88lo 2| & A I S | - |85| OTHERTESTS
@ @ E 3 N
we o2g 35 e [ B | B | @ o5 | € |S¢
== = [} =}
P L =z nE |x | O| D oo | Jjan
J g
s s
—105 T 1z 4
Fd 7
s e
i 17 s
-1 /
s /s
307 i V4 s
_ o s
—100
s e
7 - s
7 s
T 7 rd s
35 2
e rd
95 = 1- s
— - 7 e
I '
T 1 ' '
. 47 s
e 4
40— .
. 4 s
7 -24-30
- -E| 2 | 5y 78 11 |-
i i rs rd
s s
i - e
8 N rd 4
s /
45— -~ ’
. 47 I
—85 5 %
) " Layers of brown, silty sand, occasional organics |7 | |”
. 47 s
s /
50— - ,
s s
80 1 11 1-
- - 7 e
i | Medium dense, olive gray, wet, very sity SAND 1| |
(SM), fine sand, occasional organics  (Qpfnf) ’ .
-1 -1/ e
s s
55— —
| -, - |M,SA
| 25 E| 3 1%35)°| 2 11 |-
e rd
i v s
i | Scattered strata of dense sand and sandy silt up ’ ’
i | to 2 feet thick 17 4
* Fd
60— =
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-101

USCs

MATERIAL DESCRIPTION

Piezometer
Schematic

S
60 1 (53)

751
E' ; [9-15-20
| 55 1 (35)
BO_El
17-50
8
50
50 1

85—
4-21-
E 9 50/4"
l-45 7 (100+)

0w 5.38 -
|m| 10 | s
40 (100+)

SAMPLES
c = =S 8)
= - © s | 2
s £ | 5|, |§|¢2
ws 888 E| 5-|8|¢8
P (- nZ | | O
[
70 ] (52)
65_: s | 25508
—65 ] (42)

100

50

50

36

| Hard, olive gray, moist, SILT (ML), nonplastic to
low plasticity, rapid dilatancy, occasional
| organics as partings  (Qpfnl)

Very dense, olive gray, wet, silty SAND (SM),
| fine sand, scattered organics  (Qpfnf)

Hard, olive gray, moist fo wet, SILT (ML), trace
clay, low plasticity, slow dilatancy, laminated to
| stratified, scattered organics (Qpfnl)

Very dense, gray green, wet, very sandy
GRAVEL (GW), well-graded fine to coarse
| gravel, subangularto rounded (Qpfnf)

L_ Transitions trace fine sand, trace silt, rounded

Sheet3 of 5
=
2
g
w 7]
15 E REMARKS AND
FlBE OTHER TESTS
o O C
© C o
| oo
M.SA
DD
Sample has organic odor
M,SA
Slight organic odor
MP
M,SA
Rough drilling; based on
dril\in? behavior, cobble
zone from 84 to 93 ft bgs
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-101
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 4 of 5
SAMPLES =
g £ = |8 5o 5
= e by = 12 @
® = 51 2 5| e MATERIAL DESCRIPTION 25 | 3 €| REMARKS AND
Eﬁ? 8| o _E %, z £ 8 gg | = Tz OTHER TESTS
ue oflg 5| 8= | 8| | @ 25 | § |85
g5 |F 2 | @ 2 |le| 6| D o | J [aa
e ) L0
[ ] 11 - 50/6" . ravel
|ml 11| (100 | 50 9 |
—35
100 &=
—30 T i
i | Scattered cobbles and occasional thin sand layers i Cobble zcne from 102 to
4 | 105 feet bgs
i Vi v
105 |~ Dense, gray green, moist, very gravelly SAND |
4 (SP-SM), trace silt, poorly-graded fine to coarse 4
—25 gravel, angular to subangular  (Qpfnf)
i “ ] M,SA Switch to Roto-Sonic drilling
4 | Transitions very sandy grvel 1 at ‘[0‘7 tf_t bgs duedto Itoss of
circulation in mud rotary
110 =]
i | Dense, gray green, moist, very gravelly SAND |
—20 (SW), well-graded fine to coarse sand  (Qpfnf)
12 80
115+ =
—15 T T
| Vi
4 Transitions slightly gravelly sand 1
120—H4-— - - ; —
11 Transitions fine gravelly sand, trace coarse gravel
—10 1 T
13 50
" | Transitions very gravelly sand
Transitions very fine to coarse sandy, fine gravel
5 e
125 Drilling action indicates
R 1 heave below 125 ft bgs,
—5 possibly due to tidal
4 | Layer fine to medium sand — influences
130- i
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-101

Contract Number: E23007E Shest 5 of 5
SAMPLES <
g £ BE- _%) 8o %) %
T S 5| 2 gl e MATERIAL DESCRIPTION 28| g |_£| REMARKSAND
2% 38le €| ¢ 2|58 s5|° |88| OTHERTESTS
we oL|e 5| 3= | S| e8| d o5 | § |85
F Zz| m€ | |O|D an | 8 [&£8
130 2 75 5 E -
_0 T B T 3 % = E
] | Interbed of coarse gravel
i 'sw-| Dense, gray green, moist, sightly gravelly SAND |
(SW-8M), trace silt, trace coarse sand,
| | weil-graded fine to medium sand  (Qpfnf)
135 = .
Transistions gravelly to very gravelly
__5 7 B
4 | Transitions trace gravel, occasional fine organics
15 98
il I A msA
140 - . .
Terminated boring at 140 feet below ground
10 n | surface ;|
145 = —
—-15 7 i i
150 - -
—-20 ] i 1
155— = —
—-25 7 3 i
160 = —
—-30 ] I g
165 — -




Project:
Project Location:
Contract Number: E23007E

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-102

Sheet 1 of 8

Date(s) 313103 - 3/6/03 Gealechnicl Camp Dresser & McKee Inc.| ;0997 SHE Byecked vup 02-03-04
Drilling Method/Rig TypeMud Roatry/ Porta-drill gggi{ggctor Gregory Drilling, Inc. Iﬂ?’a‘;gﬁg}s 270.0 feet

Casin

Ground Surface

Size/Type PQ(7"0.D.) Hammer Weight/Drop (lbs/in.) 300#/ 30" Elovation Dot~ 291.2 feet / Metro
Location NE 205th St/50' W of 26th Ave W Coordinates N 287608 E 1258098 Elevation Source  Survey
SAMPLES =
g E 2 8) & o E
= = = d =S v D
T £ 5| 2 ) MATERIAL DESCRIPTION 28 | ¥ £ REMARKS AND
8% §Blo €| 2 2| &8 S | © [8£| OTHERTESTS
we olig 51 8 [ §| 2| & 25 | 8 |85
0 - = n< o U] -] ow g |laa
4 NA Crushed rock ,
d 1 SM |k Medium dense, brown, wet, silty SAND (SM), 4 =
—290 trace fine to coarse rounded gravel, fine to
4 | medium sand, homogeneous with gravel | <
scatteredatrandom (Qvt) , Soil description inferred
1 - Medium dense, brown, saturated slightly silty 1 - from drill action and cuttings
SAND (SP-SM), poorly-graded trace gravel >
i " {Qva) i i Flowing and caving sand
5+ I~ I s
B | i ’
—285 ,
N B T ,
- 581 - s
i | Transitions to gravelly sand, fine to coarse ) &
104 | grained, subrounded to rounded ol Y
e
—280 T B B %
- - - s
F4
o L i ¥
. [ Dense, brown, wet GRAVEL (GW), trace clay 1 . o
(most matrix washed out), trace sand, well- " ?ratve\ly drilling last 5 to 7
15— I— graded medium plasticity, clay gravel fine to — e9
coarse, rounded to subangular, varied 5
L 275 1 I lithology-mostly volcanics and quartz  (Qva) R .
T r T s
s
20— - ] ,
3]
1-7-23
{1 67 | ] ’
270 ] (30) y
T B 7 e
- L u 7
7’
T B ] 7
25— — _ ,

Groundwater Observation Data:

OW (FT BGS):
VWP 1 (FT BGS):

135.8 (Low)
189.5 (Low)

134.6 (High)
185.2 (High)

Remarks: Negative Groundwater Data indicates measurements above Ground Surface

Recovery values > 100 indicate sample expansion during sampling.
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-102
Project Location: King & Snohomish Counties, Washington

Contract Number: E23007E Sheet 2 of 8
SAMPLES %
s . o | o =
_5 (E & e go o) 2
s = sl 2 gl e MATERIAL DESCRIPTION 25 | ¢ | £| REMARKSAND
2% 8Blo €| 2 3| 518 g | - |E3 OTHER TESTS
we® olle 5| 38| 8la 25 | § (85
e | Z nZ r | O|> on | J|aca
4
—265 ) i 1 7
7 P
i _.ﬁZ.VﬁV__________________-z s Inferred from drill action and
4 | Dense dark gray, wet, SAND (SP), fine beds P . cuttings
laminated (<1 mm), coarser thin beds (1-3 mm),
=} L laminated beds folded-interbeds 3-5cm  (Qva) [~ z
I s
30— I -1 v
4 - A7 /
—260 5 5
4 - 1~ “
3 > Quiet, rapid drilling
T B 7] rd g
54 || EmEo1T= it e s e e e i i’ 7
Silty SAND (SM), fine sand  (Qva) 5 "
—255 ) i 1. Ny
— - - 7 s
7 P4
) i 1- . Washing hole for extended
4 13 B hesead spossunnse i o se e el tieen e o s s | period-abundant silty fine
Very stiff to hard, dark gray, wet, SILT (ML), low ’ i sand
40 | plasticity, rapid dilatancy, laminated beds (1-3 17 -
1] 5 [B-13-25 4, mm), folded-interbeds 1 to 2 inch thick  (Qvlc) ’ | MP
il | L 4
_250 (38) s 7
a | i o s
s s
T i T4 7
_ b a Fs s
s s
45— - - ’
4 [ 1~ -
—245 ’, -
] i 1~ -,
rd Fad
i - 1~ ’
50— = — #
ré rd
-240 ] 4 T S P ,
_ L CL L Hard, olive gray, dry to moist, silty CLAY (CL}, 4. 5
medium plasticity, laminated (<1 mm) to layered Driller reports clayey bed
] / | (10 mm), interbedded strata of silt to 2 feet thick J% % from 52 to 57 feet
(Qvic) . ,
55 s '
r s
—235 ) i i & %
_ | B s 7
s s
T B 1~ s
- - . # 4
s s
60— L .
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-102

Contract Number: E23007E Sheet 3 of 8
SAMPLES &
. . o | o =
§ = =15 Bo|a| 2
v £ 5| - S |2 MATERIAL DESCRIPTION 25 | g |_E| REMARKSAND
3 $8le £ ¢ 2|88 Sg | - |8%| OTHERTESTS
golE 2| @€ | @ | OO ta | 3|88
|| 11-13- Slickensides, sand folds ;
|m| 3 19 78 | i
—230 (32) ,
=1 - N Ve
.
i - N e
_ | _l ¥4
'
65— - . -
T N s N s Even, rapid to medium
—225 Dense, dark gray, wet SAND (SP), trace silt, . drilling, driller reports silty
] | poorly-graded indistinctly bedded to massive ]
{Qpfnf) 4
e
i B 7 7
70— = — .
—220 1 i 1 )
- L. — s
e
751 - -~ 1L
215 1 I 141 |-
1 = a e
/s
_ - T s
-1 - i Vd
rd
80— — - ¥ I L
| 13-18- BG Soil resistance to drilling is
| 4 :':l’g 78 L ] , consistent
210 (37 .
B al T -
=3 - 4 F
7] ik T rd
85— - 2o ’
s
205 7 i N .
] V4
7
90— - 471 7
s
200 ] i ) 4
N = B /s
" - N v
d L a /s
95 L _
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Project: King County WTD / Brightwater Conveyance System LOQ of Boring E-102
Project Location: King & Snohomish Counties, Washington

Contract Number: E23007E Sheet4 of &
SAMPLES G
g £ [&|® . 5
o , © o L2 | = b
T & 5 | =2 = T MATERIAL DESCRIPTION 28 | 2 £| REMARKS AND
3% 8%le £ ¢ BEAR S | - |85| OTHERTESTS
e o&je 5| 3= S| & o 25 [ 8185
- Z2| m€ || 0|3 i | 5 |da
gt P =
—195 § e ¢
— 5 ' F
rd o
2 Transitions to gray purple 4, N
N i ' 7/
100 T T R S o e S e y ,
0 13-13- Very stiff, olive gray and gray purple, dry to MP
{H| 5 14 | moist, silty CLAY (CL), medium plasticity, no 4~ s
—190 | 27 dilatancy, laminated and layered, with silt and P
. | siltysand (Qpfnl) 4
4 s
- - -l Fd
rs L
] 0 T rs s
105 - " ,
s s
—185 ] r 1., y
- = - 7 rd
s Id
] B T / K4
-4 - -1/ 4
110 — q4°| |7
7/ rd
—180 ] i T i
o | 1 ’
s s
& B 1~ Fa
_ | i e rd
1155 |~ Very dense, olive gray, moist SAND (SP), trace || |~ 30% quartz, 70% green and
8| | silt, poorly-graded fine sand, homogenecus, b ’ dark gray volcanics
—175 subangular to subround  (Qpfnf) P .
7 B 1~ ’
- - o s
o, s
T B T e '
p— b P 7/
120 | 21-33- BG
Jm| 8 44 100 i 1 ,
—170 77 A
e e
I i T s 7
- = 17/ s
1251 - <41 |7
’ s
—165 ] i 1 “
=] | N 4 s
T r 4 F
_ L _ 7 7
130— = =
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-102

Contract Number: E23007E SheetSof 8
SAMPLES <
g € |=|g 50| .| B
ke 5 e o 5
§_ £ 5 | = gl e MATERIAL DESCRIPTION 25 | 4 | _&| REMARKSAND
3% 2%lo = @ z | 519 og | - |B8E OTHER TESTS
D ola = = 2 Q N2 o x @
uwg og&lga 5 i 8| 2| & LS | § |86
- Z m< o O] =2 om I o
130
—160 ]
il Smooth, quiet, firm drilling,
_ driller reports sandy
135
—155 ]
i SM | Very dense, olive gray, dry to moist, SILTY |
o | SAND (SM) (Qpfnf)
140_3 17 -26 - BG Quartz to 60 to 70%
im| 7 34 100
—150 (60)
145+
145 1
T Consistant soil resistance to
N drilling
150
—140 i
] No sample taken, drilling
] action suggests sand
155
—135 i
i ML ﬁa?d,_oﬁe_gafnﬁis_t_sadeEﬁL? (K'IL_) fine |
4 (Qpfnf)
1601 | 21-32- M.SA Consistent soil resistance to
im| 8 40 100 DD drilling
—130 (72)
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Project:
Project Location:

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-102

Contract Number: E23007E Sheet 6 of 8
SAMPLES i
N . " o =
5 g 5 3 3o % 2
) £ L | a2 gl e MATERIAL DESCRIPTION g‘g? w E| REMARKS AND
o8 88le 2| 2 2|l 518 8% | ¥ |8E£| OTHERTESTS
o O = 2 8 O N2 £%
ue nje 5| 8=| 8| | & oG | § |85
165 = Z mZ< x| oD an | 4 |laca
)
—125 ) i & “
N | 1} s s
T B " # g
a | E s s
s s
170 [] 11-20- T "ML | Hard, gray olive, dry to moist, slightly clayey | 7| |“|AD.MP 170 ft bgs, conventional
1m| 9 39 89 | SILT (ML), medium plasticity, no dilatancy, 17 . radiocarbon date 19,310 +/-
—120 (59) homogeneous, with possible occasional parting Bl o 100 years B.P.
4 | along bedding, occasional small organics |
] especially at top - one reed blade  (Qpfnl) Z 4
_ SW-| Very dense, clive gray to gray purple, moist, 1. s
SM slightly silty SAND (SW-SM), well-graded fine to 5 i
4 | medium sand, with occasional clear laminate, ]
grains dark gray volcanics and quartz, silt £ 7z
175 | interbeds as partings to layers from 183 to 187 - ,
| 30-41- feet bgs, silt with greenish tint  (Qpfnf) M.SA
{m| 10 " | 100 & ‘|| DD
—115 (100+) i IRE
— = e d s
rd rd
B o -~ g
180 R B Irregular drilling resistance
E 1 50/6" 83 Gray purple, clean, subrounded : M,SA due to gravel
—110 T i 1
i | Occasional organics i
185 25-36- I~ =
E| 12 ;g 100 =
105 ] e i 1B
1 SP-| Verydense, gray purple, moist slightly silty = Quartz 60%, volcanics 40%
- SM L SAND (SP-SM), poorly-graded fine to coarse, 1. 5.
homogeneous, subangular to subrounded —
190 | (Qpfnf) B o N |
] 30-40- = [|[M.SA Consistant soil resistance to
100 1m| 13 (gg) 89 i 1 = || bo drilling
195 | Trace fine gravel 1=
5 - -{|M,DD
o5 _E 14 50/6 100 i | sa
4 Sp | Very dense, olive gray, moist SAND (SP), trace i
silt, fine to medium, indistinctly laminated, trace
| | fine rounded gravel in layers  (Qpfnf) i
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Project:
Project Location:

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-102

Contract Number: E23007E Sheet 7 of 8
SAMPLES =
¢ € |=|2 Bo| .| B
T £ 51 2 5| e MATERIAL DESCRIPTION g‘g 7 E REMARKS AND
88 B8T|o 2| 2 3| 5|8 S5 | - |g§| OTHERTESTS
@ @ E 2 3 g
e o&fe S| 8= | S| 8| & o5 [ B |85
Sog-l = nZ | |G| D an | S |dd
=| 15 50/6" | 100
—-90 i i
2051 29-23- B
1m| 16 34 100 i
—85 (57) 6-Inch layer of gray olive, moist silt at 206 feet
o | bgs, contact sharp, with fibrous organics along
contact
_ | Very dense, olive gray to gray purple, wet,
gravelly SAND (SW), weli-graded fine to coarse
210— » | _ grained, subangular to subrounded, gravel fine,
] 17 (i60+) | €7 rounded, tabular, well graded  (Qpfnf)
—80 1 i
: Gravel predominantly fine
| | Very dense, olive gray, wet, sandy GRAVEL ; ’
(GW), well-graded fine to coarse gravel , grained volcanics
2151 18 (?863:) 67 | subrounded (Qpfnf)
—75 } i
_ | Irregular drilling resistance
due to gravel
— 19 30/Q" -
220 No penetration - 30-plus
4 | blows, stopped drive to
—70 save sampler
’ i 70% white to green
i | Very dense, gray green, moist, slightly silty subangular te subround
SAND (SP-SM), poorly-graded fine to medium quartz, 30% dark gray
225 | sand, frace gravels, parting along indistinct subrounded volcanics.
El 20 | soe | 100 bedding planes  (Qpfnf) M.SA
65 ] i
l Hard, olive gray, moist, silty CLAY (CL), medium Inferred from drill action and
4 | plasticity, slow dilatancy, scattered fibrous cuttings
organics  (Qpfnl)
230 B 20 - 38 - —
im| 2 (?864+) a1 ML | Hard, gray green, meist, sandy SILT (ML),
—60 nonplastic, rapid dilatancy, laminated at contact,
4 | scattered organics (Qpfnl)
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Project:
Project Location:

King & Snohomish Counties, Washington

King County WTD / Brightwater Conveyance System

Log of Boring E-102

Contract Number: E23007E Sheet 8 of 8
SAMPLES =
g £ | =8 e 5
B % e - - i) °
T s 5 | 2 =l MATERIAL DESCRIPTION 2% | 3 £| REMARKS AND
38 §8le £| ¢ 2| 6|8 S | - |25 OTHER TESTS
e n&ie 5| 3=19| 8| o o5 | § |85
E Z| mZ€ | |0|>D aon | 3 |ca
251w 22 | s0i" | 100 #|[M-SA
i | i || MP
—55
i L i e
. - 1 e
7 | _ s
s
240 — -
0w 20-21- i
1wl 23 3 89 | i ,
50 (52) )
) | Scattered fibrous organics in fine beds, abundant “
i | peaty organics in tip, trace clay | ’
s
h B 7] 4
245y 15-27 - | Red brown n _|MP.BG
|m| 24 30 89 B |
—45 (57) .
- - B <
e
5 L i ¥
) i i : g—‘:ravel causing sampler
— 50/3" - ] ounce
2501= 25 {(100+) | 190 > At 250 ft bgs; Sharp ol
] | Very dense, gray green, wet GRAVEL {GW), _ » layer contact, sandy silty,
—40 trace silt/sand matrix, well-graded clast over gravel in smpler shoe
4 | supported fine to coarse gravel, rounded to ] *
subrounded, clay coating on clasts  (Qpfnf) .
4 L | . DriIJincr; resistance due to
grave
- - N s
7
el 0 B | % 6 inches of slough in ring
. = _ Fs
—35 .
aal " . g
g
T B 7] 7
all 50/1" L ] .
260 27 (100+) 104 ) Boirng sloughed
_ L | approximately 8 inches
—30 ,
- - — 7z
rs
1 - — e
Continued drilling
265 - _ 7 resistance to gravel
—25 1 I T -
rs
i I i s
1 i i 4 Hole stopped at 270 feet
I3 d I sl h and
T [ Boring terminated at 270 feet below ground 7 , muued’(%gsrave SRRHAD
270 surface




Project Location:
Contract Number: E23007E

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-201
Sheet 1 of 8

Date(s) Geotechnical Logged Checked
Dillog’ 4117103 - 412203 o e Camp Dresser & McKee Inc.| 5799 JAP By VJP 02-03-04
e : . Drillin: Total Depth
Drilling Method/Rig Type Roto-Sonic/ Comrgctor Cascade/Boart-Longyear of Borehgle 242.0 feet
Sa e 9"6"4" Telescoping Hammer Weight/Drop (Ibs/in.) NIA Ground Surtace  260.6 feet / Metro
Location 20425 25th Ave NW Coordinates N 287564 E 1257757 Elevation Source  Survey
SAMPLES G
< £ ®| 8 5o 5
& 2 = S | =5 w o
T £ 5| = §| 2 MATERIAL DESCRIPTION 28 | g |_E| REMARKSAND
3% §T|lo £ £ 2|1 a8 Sg | - |8E£| OTHER TESTS
g nfia g S o C | ® o5 | & |88
JE 2| @ Z || 6| D co | 8 |&&
—260 | L J /
0 to 6 ft bgs excavated with
i | | vacuum truck, not sampled
" i 7 7
255 1 o 4iid
Loose, brown, wet, silty, slightly sand GRAVEL “ ¢
i | (GM) poorly-graded  (af) " L -
4 7
T B - 7/
= L _ rd s
10 | Medium dense, olive gray, wet SAND (SP), trace  _| i ‘
gravel, trace silt, poorly-graded fine to medium |l I
—250 4 1 52 | sand (Qva) 4~ ’
s 4
. o 17 Pl
=i L 2 7’
o /
7] B 1 # s
15 ™ 4-Inch thick si | 1017
| 245 i -Inch thick silty sand layer Py |
i ] s s
- - -7/ s
' s
= = -7 ¥ 4
20 / 7
24 AR
0 = 2 95 + BV ’
il T Very Sif, gray, morsi SILT (L), frace sand,_ 17| |-
trace organics, frequent partings, sandy seams ’ M
i . (Qvic) 4. P
o L n ' rd
s s
25— = =

Groundwater Observation Data:

OW (FT BGS): 159.1 (Low)  155.9 (High)

Remarks:Negative Groundwater Data indicates measurements above Ground Surface

Recovery values > 100 indicate sample expansion during sampling.
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-201
Project Location: King & Snohomish Counties, Washington

Contract Number: E23007E Sheet 2 of 8
SAMPLES =
g £ ®| 8 oo 5
= % L o | == 2} o
5§ £ 5| = Sl e MATERIAL DESCRIPTION 28 | g | _£| REMARKSAND
28 B8|lo 2| 2 2|58 Sg | - |85| OTHERTESTS
e ogle 3= | 8| | ® o5 | ] [85
> = == 7] = = O [ oo
25 - Z = s () =2 ow 4 |oa
235 117
| Sand-filled vertical fractures 26 to 27.5 ft bgs, 11 7
A | trace brown organics in sand seams 17 %
% Al ™M
+H B - ”
s s
ML Hard, gray, moist SILT (ML), frace sand, P o
30 | horizontal laminations  (Qpfinl) i)
rd e
-2
20 E 3 105 - 47 ¢
T B s p
. | d- Vd
s s’
it | Grades very stiff, slickensides 1. I M
35 - - ,
225 ’ s
e v
4 73 ; p
—_frl i 1. s M
| Grades hard 1 ’
e 7/
40_ B n 7 s
—220
N B 17 s
i | i F rd
e s
T o - s
/ s
" 5 99 4 .
5 — - - s
M
—215 __j | 1~ P
s I
| | 17 /
Grades to clayey 2 3
7 B N rd e
50 CL | Hard, gray, moist CLAY (CL), silt layers up to 3 - -
inches thick, slickensides (Qpfnl)
—210 £ A
1 B T s s
- - e K ’
7 >3
\'q 6 105 - 1l [ | w
44 - H4- -
55 Vs rd
e '
—205 ML | Soft to very stiff, gray, wet, very sandy SILT i y
(ML), trace clay, occasional organics, layered Sample disturbed
| | silty, fine sand layers  (Qpfnl) 1 o
P a s
- - - P
mil L N s s
i 11
60 == —
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-201

Contract Number: E23007E Sheet 3 of 8
<
&
g £ |=18 o 5
A % = o s 7] w
S £ 5| £ el o MATERIAL DESCRIPTION 2 | 3 § REMARKS AND
33 §8|o 2| 2 3| &8 S | = |8£| OTHERTESTS
nwe ofle 5 3= 18| 8| o o5 | B8 |85
g0l Z | @ Z |le| 0| D an | 3|88
—200 | |
65 —
—195 | = |
Interbedded silt and clay 66 to 68 ft bgs with
4H | slickensides at boundaries
i
it | 3-inch layer silty clay
70— = ; :
190 | i Grades hard, moist, slightly clayey
1 | 7-inch thick layer fine sand
75 =
185 il
Dense, gray, wet, silty SAND (SM), trace clay,
| | fine sand (Qpfnf)
_Efll% 8 Hard, gray, moist, silty CLAY (CL), trace sand,
4H | slickensides (Qpfnl)
80 T E : :
| 180 requent slickensides 80 to 90 ft bgs
851 9 -
175 i |
90 s s et e e e ]
Very stiff, olive gray, wet, very sandy SILT (ML),
—170 i | rapid dilatancy, scattered organics  (Qpfnl)
- 10 -
o 11 i
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-201

Contract Number: E23007E Sheet 4 of 8
SAMPLES e
CC; E = g) 5 (¢} :é’
= o - Qo <
T £ 5| 2 = MATERIAL DESCRIPTION % | # | &| REMARKSAND
o ) 7] £ [ 5]
$5 Bsl, &1 2 - S5 | 2 |88| OTHERTESTS
=0 O S 2 3 Q N X0
L 4= ng g'_\ 3 LR O m w @ 6 -(% 8 5
ae lm 2| mZ€ | | O | D oo | I3 |dad
o
—165 & | Hard, gray, moist, silty CLAY {CL), trace sand, |
slickensides  (Qpfnl)
| 160 L ﬂ Dense, gray, wet, silty SAND (SM), trace clay,
JH 44 88 scattered organics  (Qpfnf)
i Hard, gray, moist, slightly silty CLAY (CL),
ol slickensides (Qpfnl)
105
L1ss
1 Grades silty clay
' Dense, gray, wet, slightly silty SAND (SP-SM),
110—tH trace clay, poorly-graded fine to medium sand,
150 micaceous (Qpfnf)
E 12 110
115 {I
J “
| 145 1-foot layer of silty clay
’ Organic odor, trace organics
A Hard, gray, moist, silty CLAY (CL) (Qpfnl)
i
140 1l 13 112
i Dense, gray, moist SAND (SP), trace silt,
4 poorly-graded fine to medium sand  (Qpfnf)
| 135 125 | Trace fine gravel, subangular to subrounded
] Trace clay, clay has black organic streaks,
4 organic smell
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-201

Contract Number: E23007E Sheet 5 of 8
SAMPLES =
15 . = 218 8o | ,| 2
s £_ 5| — g 2|4 MATERIAL DESCRIPTION g‘g 7 €| REMARKS AND
L9 00|o 'E g § | O 8_&’ B OTHER TESTS
wE osle 35 o= @ o ) o5 | 2 |58
130 - Z m< o (] = ow 4 |ao
e rd
130 ] i 89 4| |-
i s s
i /7 7
T v Vs
| i 7 s
s s
135 1] |-
—125 ! A |
i 136 to 146 ft bgs, sand cleaner, trace silt, fine to gl
i coarse gravel content increasing, gravel 4
subrounded # %
- qd7 s
7 I
] 7 I e
140 - ’
120 y p
--ﬂ 15 89 Toe | 1 IR
4 - 7 I
e 7
] h e s
1 -7 I
145 H4°1 7
—115 17
ke id rd
i 7/ I
E-JI% 1.1 |- |msa
il | Grades gravelly sand 147 to 152 ft bgs, gravel ) of#
i | subangular to subrounded, granitic matrix 11 |~
s rd
150— N -
110 1M 16 96 44 |
I 4
] s /
i L 1 s
Grades to trace gravel, 152 to 156 fi bgs a2l |z
4H 1~ v
155— 5 - - = - 11
| 105 ense, gray, moist, gravelly, sl_lghtly silty to silty P P
| SAMD (SW-SM), well-graded fine to coarse i
sand (Qpfnf) e 4
- - 7 rd
7 rd
_q 11 |- |msa
s | -/ s
160 Ay
—100 | 17 80 4| 1~
i s 4
] rd Fs
g2 - s
411 B I 7
i |7
165 —
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Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-201

Contract Number: E23007E Sheet 6 of 8
SAMPLES <
g £ =8 i 5
= . - | L0 @ 2
T g g | <2 A MATERIAL DESCRIPTION 25 | § | £| REMARKSAND
°% 58|l €| £ 3|68 S | = |E5| OTHERTESTS
165 - Z o = 14 G = ow - ([da
—95 . g
i 171 |7 [msa
N - i s s !
Grades to gravelly, wet ’ s
T - 4 s
N 5 A< ’
7’ 7
170— = -1 y
—90 ] 18 i 1. "
s rd
1 B T rd rd
-5 - d7 s
Layers of brown, sandy silt up to 4 inches thick 3 4
44 | 173 to 176 ft bgs i
s s
175 — - ’
-85 | Dense, gray, wet, very sandy GRAVEL (GP), i & 4
trace silt, poorly-graded, fine to coarse gravel, 4 .
| fine to coarse sand (Qpfnf) 4. y
| Dense, gray, wet, slightly gravelly SAND (SP), N [
trace silt, poorly-graded fine to medium sand ’ ’
L (Qpfnf) o |2
180 - 1117
_BD i . i -1~ s
Grades to slightly silty
i | i s s
7 s
T B 7 s
N - B ’ s
I s
185 ™ - &
—7
. H 10 - ) =
H 4-inch peat layer 5 2
T i 1~ ’
. - d~7 ’
T 4
] I 7] s s
190— | Sand grades finer, siltier . ,
—70 / s
' '
_*I, | Dense, gray, wet, silty SAND (SM), trace fine 4. ,
H gravel, frequent organics _ {Qpfnf) M
mii | Hard, dark brown, moist PEAT (PT), layers of 171 =
hard, gray olive, moist, clayey SILT (ML) s .
S+ s rd
195\ K : : M,0C
—65 | Very stiff, gray olive, wet, sandy, slightly clayey Jd, y
SILT (ML), nonplastic, fine sand, homogeneous,
4 | scattered organics (Qpfnl) i & #
s Fd
-+34 - 17 4
1 | 4 .
M
r'd s
200 = =




Project: King County WTD / Brightwater Conveyance System Log of Boring E-201
Project Location: King & Snohomish Counties, Washington
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Contract Number: E23007E Sheet 7 of 8
SAMPLES =
- : 2 o =
5 {E B\- 3 .§.9 w %
T g bl el e MATERIAL DESCRIPTION 25| g |_E| REMARKSAND
2% BT|lo £ | 2 2| &8 Sg | - |85| OTHERTESTS
we oLle 51 8= 8| | ® o5 | §[85%
200 - Z n< x O] =2 ow 4 |ao
—60 7 s
Hh 20 104 er-l—Ir(u T - 4 ’
\i B PT Hard, brown, moist PEAT (PT) (Qpfnw)
e rd
1 Lt Bl i ] ’ ’ M
44 ML L Stiff, brown, moist, slightly sandy SILT (ML), fine ; ;
sand, homogenecus (Qpfnl)
”, rd
205+ — ’ ’
Dense, gray, moist, silty SAND (SM), fine to
—55 medium sand, faint laminations of sand _(Qpfnf) ’ ’
Hard, brown, moist PEAT (PT) (Qpfnw) P 5
M B - ’
1t |’
1| 21 122 ML | Stiff, gray, moist, slightly sandy SILT (ML), » S M
4H | scattered black and brown crganics  (Qpfnl)
# e
210 — i B i
50 . ’
| Grades to very sandy 1- 4
7 s
) i ] 7’ s
] | Grades to wet T
s 7/
7 /
45 i W A
| 1-foot hard, brown peat layer M A
s Fd
T B - T4
22 83
el || rs 7
1 sp-| Dense, gray, moist, gravelly, slightly silty SAND , J
] SM | (SP-SM), poorly-graded, fine to coarse sand,
40 220 fine to coarse gravel (Qpfnf) 7 7
M GP-| Dense, gray, wet, slightly silty, very sandy
pi GM | GRAVEL (GP-GM), subangular to subrounded
o ! gravel, fine to coarse sand, poorly-graded, clay W
22544 oo | coating gravel (Qpfnf) I O
(] =
35 ‘,."." —
(34 B 1 =
K3 =
J () L 4.5
O Grades to sandy, coarser gravel -
i T 18
C2) =
0 %@ i T B
-"p —
230-{{} s - T H {msa
—30 kb = M
Hi 23 90 |2} - 1 B
‘e H
i o 2l L N S —
;2 RE
i ,.; | Grades to trace silt N
e =
4 s 2 = 1 =
o A
235 M '.é ) L ]
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-201
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 8 of 8
SAMPLES =
g < |=|8 sol .| &
T £ 5 | = gl o MATERIAL DESCRIPTION £5 | g |_E| REMARKSAND
§5 &gla £ ¢ s |58 S8 | = |25| OTHERTESTS
wg ol|g 5 o= @ L )} 26 S |85
235 = 2 m< o . ‘(l".l 2 o U’) I
25 %5, I | ;
. "', Clayey organics on gravel
_ o L i
W3
A 25 L i
a8 B
NH 24 90 :, ’ oA
240 syl |- e
20 g '.‘; 4 L ,Lmiéé_
It 47
Terminated boring at 242 feet below ground
| | surface 4
245 = .
—15 ] | |
250 — |
—10 i | |
255— - -
_5 i I |
260 - ]
*0 | i |
265 — -
__5 | | |
270— = -




Project:
Project Location:

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington
Contract Number: E23007E

Log of Boring E-401
Sheet 1 of 4

(penetrometer upper limit).

Date(s Geotechnical Logged Checked
Drille(d) 10/16/03 - 10/17/03 Consultant Camp Dresser & McKee Inc. By TCB By RWS 2/2/04
Driling Method/Rig TypeWireline Core/ Portadrill | 209 Gregory Drilling, Inc. St Dt 121.0 feet
Casi " ; . G d Surf;
SizeiType PQ (7" OD) Hammer Weight/Drop (Ibs/in.} NIA Bl hace  211.8 feet / Metro
Location 2621 NW 205th Coordinates N 287641 E 1257412 Elevation Source  Survey
SAMPLES =
=3 c =® 2 o g
S . o S a 22| » T
B £ AR 5l e MATERIAL DESCRIPTION 28 | ¥ | 5| REMARKSAND
3% 8Ble €] 2 3| &8 86 | - |E5| OTHERTESTS
e oelg §| 32 18| 8| @ o5 | & |52
F 2| ® Z |l |6 ]| D e | 3 |&d
P
- L 4.8, 0 to 6 feet excavated with
vacuum truck, not sampled
—210 i | IER
N s
] L Hr Buw
rd N re
s > r
5_ [ b PR
1 P
ML | Very stiff to hard, gray, moist, slightly clayey to 3 R 25
—205 | | clayey SILT (ML), low plasticity, frequent 1.
horizontal lamination  (Qpfnl) 4 4.5
E I d->
1 18 s N s
1 | Grades silty, occasional organics, mica |2 >
10 — =
N
| Frequent partings of light gray, silt 1~ -
—200 } B A4 N
s N
W 2 62 I | Ll
B = -1/ L e
o N
15 B REAY.
- 2-inch layer of brown silt with red brown partings {7 > #
L 195 and seams .
T [ Clayey SILT, gray, slow dilatancy 1.~ .,
N L 1>~
| 3 50 | 1™
e » s
20 ™ 6-inch layer of silt, low plasticity, rapid dilatancy |7 © 6-inch layer of blocky
B 1> fractures
R
—190 . L 1.~
i 8 d-> -
Decreasing clay, no plasticity, trace fine sand, PR
| | rapid dilatancy 4 %
25—' ana e b rd
Groundwater Observation Data: Remarks: Negative Groundwater Data indicates measurements above Ground Surface
Recovery values > 100 indicate sample expansion during sampling.
VWP 1 (FTBGS):  56.3 (Low) 49.2 (High) Pocket Penetrometer shown as 4.6 indicates unconfined compressive strength > 4.5 tsf
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-401
Project Location: King & Snohomish Counties, Washington

Contract Number: E23007E Sheet2 of 4
SAMPLES <
=2 & R 4 - =
S . B - 3 8o | o| 3
T £ s 5| e MATERIAL DESCRIPTION 28 | @ E| REMARKS AND
33 8Blo B ¢ | &8 $& |~ |g5| OTHERTESTS
e ollg 5| 32| 8| 8| @ 25 | § (85
e | Z | DE [ |6 | D e | 3 [dd
“=J \
s s
1l 4 30 3 1.~
—185 | | |-~
Pockets of dark gray SILT w S 45 to 60 degree inclined
H L . bedding, jumbled texture
Ny
s N s
30 = 1> -
- " v N s
Interbedded layers of clayey SILT and slightly PR
—180 | | sandy SILT, fine sand 40«
g7 3-inch Iacfer of highly
E 3 P fractured, gray clay
N
1 B 1> -
35— 5 67 | s Sz
z Mg
] i 1.~ -
—175 = £ 4>
7 N
i o s N
- - . ~
Pockets of silty, fine sand ’ N .
7 e
40— — 1.
4 s
i - 1> -
5 4-inch layer highly fractured
—170 i l i blocky texture and
6 67 SN slickensides
- - BV N s,
5 L | ’ ~ 7
s N,
454 |~ Bedding inclined 30 degrees 1 T
J7,/_ -4 ¥ g
17 CL Hard, olive gray, meist, slightly silty to silty CLAY 2 %z Frequent fractures and
—165 i L (CL-CH), medium to high plasticity, frequent silty |~ slickensides inclined 30 to
SAND, fine sand layers, with mica (Qpfnl) 4 45 degrees
] L 1N/
s N
T i TN .
sodll 7 67 | .~
PV
] i 1.~ -
_160 - - d4,N 2
# Mg
] i 1.~
4 | Grades back and forth between clayey silt and PR
clay N
55— I~ LY
B 4 47 N
4
—155 4 i i E
8 67 o %o
i L 1N s
b L qr> -
F 4 * 7
60— L 4
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Project:
Project Location:

King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-401

Contract Number: E23007E SHEeaL: of 4
SAMPLES <
< c 2|9 o z
2 . © ol 1 e | g &
5§ = ol = MATERIAL DESCRIPTION 2€ | g | _£| REMARKSAND
8% 2%le 2| ¢ s 58 S¢ | © |85| OTHERTESTS
w2 oz 5| 82 (8| 8| 25 | 8 [85
&6 = = nZ |e |G| D oo [ 3 |da
o ]
| - ™,
Sandy SILT layer, rapid dilatancy
—150 i L 4 ’
Mg
) ™ Very dense, live gray, moist, silty SAND (SM) |7 ”
] | grading to slightly silty SAND (SP-5M), fine to IR
medium sand, poorly-graded, cccasional N,
65— 9 67 | organics, mica, homogeneous, with occasional N
interbedded layers of silty CLAY and clayey SILT ’
i L (Qpfnf) d# Do
—145 J - 1. :
7
_ |5 1N/
Clay seam with blocky fractures and slickensides Ly Flows at 1 to 2 gpm
i - P
] L I P
70 v, {[MsA
e = N N~ o,
—140 2 L 4.~
10 67 N
I
1 Scattered pockets of laminated silty clay i v
n - ~4s N s
N
75 = <4 oy
B g Angular clasts of clay within
B e S sand matrix
—135 i L 1~ -
Ny
. - E ~ ’
i 11 66 I 12 %
i
80— - =, ~ .,
- & 4
Hard, gray clive to gray green, moist %13 Irregular bedding, dipping
—130 _ 10 30 to 45 degrees,
3-foot stratum of slightly clayey SILT, occasional 4 sand-filled fractures, blocky
4 | organics 1.~ - fracture,
N g 375
- - 1 N '
85— 12 67 | qs N,
R
- pe T N s
_125 - - - N
& 7’
o - 1.~
£ | Very heterogeneous silt rip-ups in clean sandand |, ~ , Very heterogeneous silt
wavy irregular interbedded clay, silt, and sand N rip-ups in clean sand and
90— | seams ] # wavy irregular interbedded
~ 1 M.SA clay, silt, and sand seams
_ L 4,8,
—120 4 L B
13 29 Irregular texture throughout, no structure Ny Irregular texture throughout,
H | s, no structure
= L 1.~ -
Yo
95— L 4
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roject: Kin nty WTD / Brightw. veyan :
P OJ.ect g County | Brightwater Conveyance System Log of Borlng E-401
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Shest 4.0f 4
SAMPLES =
< = ®| 9 . =
K=} N ‘5 - i} E-_g w ®
5 £ 5 | = 5|2 MATERIAL DESCRIPTION 28 | 3 | _E| REMARKSAND
2% 5Tlo 2| ¢ 3| 5|3 S |~ |85| OTHERTESTS
we ofle 51 8- |5 8 la Sg|5 |58
|z m€ | |0 |D ow | 3 |aa
95 —
- - N 2 N
—115 i L J o>
~ - ~
- - ~ N , ~
NN
7 B 1 ~ y ~
100 = —H,~
N ~
- 14 0 - a v
LS ~
110 1 | R O T = I I M
Very dense, gray, moist SAND (SP), fine to s 102 to 114 ft bgs, sand has
| | medium sand, trace coarse sand, trace silt, o quartz and feldspar content
poorly-graded, scattered fine gravelly layer %o 5% estimated at 75%
R fnf
L (Qpfnf) SRS
105 — o
N ” ~
M i | v Driller report: soils are
—105 i L Ay 8% medium dense, fine to
o coarse sand, with scattered
| | ) . fine gravel layers
NN
4 L - N # ~
15 0 NN
110 - 1,
4 L - AN ’ »
—100 | L J# Vel
~ ’ ~
- - — L3 ’ N
] | Fine to medium sand, no gravel Jo> 0
N o ~
|l 16 60 | E .
115 Y Imsa
______________________ ~ ’ ~
Hard, gray green, moist SILT {ML), nonplastic, N
95 i | interbedded with frequent brown organic silt o
seams, 1-inch red brown, moist organic SILT < SILT rip-ups
] |' and fibrous PEAT (OL) layer at top of contact Ll Rosd™
17 38 {1 T G A S | P 46
i | Very dense, gray, moist, silty SAND (SM), fine to e
medium sand  {Qpfnf) 4
120 - o e
~ 7 N
Terminated boring at 121 feet below ground
—90 i surface 4
125— - —
—85 o L <
130 = =




Project:

King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-402

Contract Number: E23007E SHESE 1.0F 7
Date()  9/30/03 - 10/7/03 geclechnical Camp Dresser & McKee Inc.| 1099°¢  mJB grecked  rRws 2102104
Drilling Method/Rig TypeWireline/ CME 45C Driling o Gregory Drilling, Inc. Toiol Bepiy 206.5 feet
ggse'pgype PQ (7"0.D.) Hammer Weight/Drop (Ibs/in.) Canterra Ground Surface 304 4 feet / Metro
Location 2162 NW 204th St Coordinates N 287489  E 1258407 Elevation Source  Survey
SAMPLES =
g g =] 5o i
= s : - =S %] ©
T £ 5 2 s MATERIAL DESCRIPTION 28 | 7 g REMARKS AND
2% B88le €| ¢ ARARS Sg | - |85| OTHERTESTS
ug olle 5| 8| ¢8| | & 25 | § |85
P - |l |G| D g | I [&2a
Vegetation (sod), topsoil
300 | i f
5_ - -
] | Medium dense to dense, gray, moist to wet, b
slightly silty, gravelly SAND (SP-SM),
_ | poorly-graded fine to coarse sand, fine to coarse |
subrounded to subangular gravel (Qva) 1
i 1 0 - 1 H
—295
10— — - :
1 Sand with scattered gravels
] | | inferred from drill action and
cuttings
11l 2 17 - .
—290 T Very stiff, dark gray, moist, slightly gravelly,
15— | slightly sandy to sandy SILT (ML), fine to |
3 0 medium sand, trace coarse sand, fine to coarse
. | subrounded to subangular gravel, homogeneous |
(Qvic) /
] | Grades wet, slightly sandy, clayey silt, scattered |
layers of fine sandy silt /
1l 4 40 - 7
—285 /
204 B 1 32
5 50
280 ] 6 100 i 1 45
25— L |

Groundwater Observation Data:

VWP 1 (FTBGS):  149.2 (Low)  147.7 (High)

Remarks: Negative Groundwater Data indicates measurements above Ground Surface

Recovery values > 100 indicate sample expansion during sampling.
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Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-402

Sheet 2 of 7
Contract Number: E23007E t
SAMPLES <
§ £ 2 E) go | . E
T 5 512 =l I MATERIAL DESCRIPTION o5 | 3| £| REMARKSAND
% $3|lo 2| 2 s | 5|8 S5 | < 85| OTHERTESTS
we olje 5| 8= | 8| | 25| § |85
F Zz| o€ |e|d]| D oo | 3 (ad
25
| 7 30 i Sand inferred from drill
] | action and cuttings
275 i | Rapid dilatancy /
30 =
1 8 36 Sand inferred from drill
S S action and cuttings
270 1 0 1
35 —
] ‘- . r T
. 7 | [ ML | Hard, dark gray, moist to wet, slightly sandy,
g9 70 clayey SILT (ML), fine to medium sand,
4 | laminations of gray silt  (Qpfnl)
265 1 i 4
n Medium dense, dark gray, wet, very silty SAND
_ | (SM), rapid dilatancy, scattered organics
(Qpfnf)
10 40
260 1
45
1 11 54 B blocky structure
255 1 i
50— -
& 12 0 B
—250
55 =
i | Hard, dark gray, moist, clayey SILT (ML), trace |
fine sand, medium plasticity, slow dilatancy
J . (Qpfnl)
4.5
k 13 100 -
—245
60— —
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Project:

King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring E-402

Contract Number: E23007E Sheet 3 of 7
SAMPLES =
- : & o =
S .-_E a\" 3 § L 0 %
T = 5 < 2l o MATERIAL DESCRIPTION g‘g @ £ REMARKS AND
33 8Ble 2| ¢ 2|83 G | - |8£| OTHERTESTS
we Nl 8= S ° B o5 | € |g¢
> 3 == ] = = O m S o
60 - 2 m< 14 (U] =] aw -4 |
By
- L - k.S 7
N
) | Scattered silty clay seams, silty sand layers with N
_ | scattered organics | P
y 14 64 | Grades wet, low plasticity, Sz B
—240 N Blocky structure, bedding 0
65— | 1 to 5 degrees, high angle
4 slickensides 60 degrees
- - - X 4
N
J B 1, <,
J | H P
Ny
. 15 100 - 1.~
—235 d
—] — iind ® s
70 N Blocky structure
4 L 1,8,
4 L 4>/
N i
4 L 1,4,
. 16 50 - s
230 g,
75 B ete
l i il ’ Paleosol
N
i i 1.~ 3 |Blocky structure, bedding 0
i L 4 - }10 Shdegrleetf, salickensides -
2 igh angle 45 degrees, slow
N g Hgl reaction
225 | &0 [~ Dense, dark gray, wet, siightly silty to sity SAND |, ~ ,
80— | (SP-SM), poorly-graded fine to medium sand, =
frequent layers of medium plasticity clayey silt, ‘
i | scattered partings of organics (Qpfnf) 4>
By
- i N N s
3 2 M N P
* e
b 18 56 B 1
220 7
— - —_ 7
85 N 2
4 L 1.5,
4 L E PR
Ny
L 1.5,
1l 12 64 - Kl
—215 § 2
=0 ™ Dense, dark gray, wet SAND (SP) trace si, |/~
4 L poorly graded fine o medium sand, numercus A 5% g
organics  (Qpfnf) <,
L 1.0
- - - Ny
~
1l =20 60 - S
—210 Ny
95— L =
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Project: King County WTD / Brightwater Conveyance System Log of Boring E-402
Project Location: King & Snohomish Counties, Washington

Contract Number: E23007E Sheet 4 of 7
SAMPLES =
w
g £ = §) go | o &
el . a8.2 o ®
T £ 5| 2 gl e MATERIAL DESCRIPTION gg | % |_g| REMARKSAND
58 88lo 2| & 2|58 o | - |B% OTHER TESTS
5] o8 E —~ | 8| & NE | o |82
we 0S8 3 o © 2| wn 2°G ® |65
-z @€ || O | D am | J|aa
i e ~ Slight groundwater flowing
s s
| ey conditions (1 to 2 gpm)
______________________ . through driil pipe
4 Hard, dark gray, wet, clayey SILT (ML), low Pl ¢
plasticity, frequent seams of silty clay and sandy Ny Bedding 0 degrees, blocky
| | silt  (Qpfinl) | e e structure and slickensides
Fd N /s
b 21 60 3 b
_205 5 N
0o _ i L 3.5 |PP for clay layers
E | Dense, dark gray, wet SAND (SP), trace silt, 4™ -
poorly-graded fine sand  (Qpfnf) 28z Groundwater flowing
i | i . approximately 2 gpm
Fd s
_ L dN 7
N
E 22 50 - [
—200 % ; 4 e
105— / CH | Hard, dark gray, moist CLAY (CH), trace fine ) R
subrounded to subangular gravel, high plasticity, N,
4 | high dry strength  (Qpfnl) Y
/ N 3.2
y 7. R
] F1 ML | Hard, dark gray, wet, sandy SILT (ML), low i
plasticity, well-graded fine sand, scattered 7 &5
- 23 30 | organics (Qpfnl) A sz
—195 PN
110 - 1.~
- - E N s
rd N ’
i Dense, dark gray, wet, silty SAND (SM), fine N
J sand, scattered organics  (Qpfnf) | P
] PR
-190 Ny
115+ =,
4 i P
24 N
T N rd N e
i -~ .
2N
185 | R |
120 7 Very stiff, green gray to dark gray, moist CLAY i R
(CH), medium to high plasticity, laminated SN, Blocky structue, numerous
4 (Qpfnl) | slickensides high angle 40
______________________ P degrees, Paleosol?
4 Dense, green gray to dark gray, wet, very silty 4.~
SAND (SM), trace fine gravel, fine sand, rapid N
J dilatancy, seams of silty clay and layers of 1
clayeysilt {Qpfnf) N
- 25 4N,
—180 — oy
N s
. d, 5,
1 K M
e N g
- q ., N 7
&
- 26 Az N
—175 ¥ N
130 = =
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Project Location:

King & Snohomish Counties, Washington

Project: King County WTD / Brightwater Conveyance System

Log of Boring E-402

Contract Number: E23007E Sheet 5 of 7
SAMPLES =
3 £ 2|8 5o 5
1 " = - =T 0 -
A= 512 | 5|z MATERIAL DESCRIPTION S5 | § | E| REMARKSAND
E 5 8%|o 'E g z £ 8 83 R OTHER TESTS
we ofig 5| 8| G| L8 |a@ 26 | § |85
130 - Z o< 14 Y] = o w - |oo
b —
- - — N ”
- - = A 4
% e
i [ 12-inch silty clay layer, medium plasticity ’ : - 4.5 |PP for clay layer
1 27 60 H 177
—170 N
1357 B T} > Very blocky structure, stiff,
] | Grades coarser sand bk R 6-inch slickensided layer
N
] | Dense, dark gray, wet, silty SAND (SM), fine N - ’
sand, scattered seams and layers of medium to 7
i | high plasticity clay (Qpfnf) 4oy
N
Lies || < I 14 .
140 = o
N 7
i E 1.5,
| L E PR
N e
m - 1.~
| 29 5 | Grades very silty 1.5,
160 .,
145 = 1,
N g
N
4 - B N
N g
455 1] 30 50 i ., Organic odor
150 = -1, I
Trace weathered andesite,
| | Grades very dense, silty, fine to medium sand, 7> medium sand grains
scattered mica Ry
3 L 4.+,
i - a N
N -
k 3 0 B b
~150 7
155 = ] s
X rd
J 2 1.+,
i 5 d4s N0
N
i L 100
E 32 100 - 177
145 N
160 [ 1.+,
. - -l Y ’
- - - * 2
Nina
- - B N ’
e
b 33 100 - b
—140 N
165 — — X
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Project: King County WTD / Brightwater Conveyance System Log of Borlng E-402
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 6 of 7
SAMPLES =
< c = 2 - E
o = © o 22 @ 5
T £ 5| < g1l e MATERIAL DESCRIPTION 2% |z |_g| REMARKSAND
33 58|e 2| & 2| 8518 g5 | © |88| OTHERTESTS
me Se|g E| 3= (8| 8| & 85 | 8 |85
e |l Z nZ d | O | D aw | 4 |da
165 g ~
e s
. ke -4/, N ’
| | 17 N s
+ N 2 YIM,SA
] 1 T N i
~
11l 34 100 - 1.7
—135 P
170 - —.,~ .,
i 1™ -
N s
i i P
P
430 11l 35 100 - 1<,
175_ = I I
e RS e
i L 10
4 L 4™ -
s
& F B N .
b 36 90 - 4,
—125 SN
180 L
’ Hard, dark gray to green gray, moist, slightly Paleosol
8 L\ gravelly SILT (ML), trace sand, fine subrounded Organic odor (CH,)
gravel, scattered organics _ (Qpfnl)
E | Dense, light gray, wet, silty SAND (SM),
well-graded fine to medium sand  (Qpfnf)
1 37 50 3
—120
185 -
] | Gravelly organic silt layer
—115 | 38 &0 | Scattered layers of hard, green gray, moist,
190 | Organic clayey, to clay, medium to high plasticity,
high to very high dry strength, Sand was observed to have
| L high quartz content (est.
80% quartz)
B 39 100 -
—110
195+ -
T 15 Ve?yaeﬁse;. dark Ea?, wet, S_AND_(E‘TP)— _____ Organic odor
i 40 70 | poorly-graded fine to medium sand, (Qpfnf)
—105
200 —




Project Location:

Project: King County WTD / Brightwater Conveyance System
King & Snohomish Counties, Washington

Log of Boring E-402
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Contract Number: E23007E Sheet 7 of 7
SAMPLES <
g & 2|2 &5 5
= = - — = 0 o
¥ £ 5 2 £l e MATERIAL DESCRIPTION 2% | 3 £| REMARKS AND
3% 98le 2| 2 2| 518 sE |~ |88| OTHERTESTS
@ ] [S 2 3 Q N 2%
o= [a % = o= @ E w o .5 -c% 8 5
200 = 2 o< vd O po ow J |ado
/4 M,SA
. 2 Gravel inferred from drill
action and cuttings
B 41 50 -
—100
205 | 1-foot hard, green gray, organic silt, abundant = 4.25 |Paleosol
. | wood particles and organics 8 R
| | Terminated boring at 206.5 feet below ground i ’
surface
95 i I o
210 - —
L 90 1 - .
215+ = —
L85 T I i
220 = —
80 T B N
225 — —
75 ] = bl
230 — -1
_70 7 B .
235— — -
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NEW BORING LOG 1720338-BL.GPJ HC_CORP.GDT 1/22/10

Boring Log B-09-1

Location: See Figure 3.

Approximate Ground Surface Elevation: 47 Feet
Horizontal Datum: NAD 83

Vertical Datum: NAVD 88

LUSCS Graphic
Log

Class

Depth

Soil Descriptions in Feet

2 inches of Asphalt over 10 inches of Sand
over 3 inches of Concrete.

SM

1™ Brown discharge with abundant gravel

Loose, wet, gray-brown, silty SAND with
scattered gravel. (FiLLl)

ML

S\Grades to silty SAND with zones of sandy

T observed. r

Very soft, wet, gray SILT and sandy SILT.
(Coliuviam)

“Trace of wood fragments chserved to 11.5
feet.

“Scattered organic material and zones of sity
gravel observed.

GRAVEL with trace crganic material to 15
feet. {Colluvium)

SILT and scattered gravel to 17.5 feet,

“Medium dense, with gravelly SAND zones.

0

sSP

™ Gravelty.

™ Slightly silty.

‘ —";‘- “Occasional sitty SAND partings.

Dense, wet, gray SAND. (Fluvial)

20

Bottom of Boring at 34.0 Feet.
Started 01/05/10.
Completed 01/05/10.

1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and straium lines are interpretive and actual changes may be gradual.

ATD

Grilt Equipment: Modified B-61/Mud Rotory
Hammer Type: SPT w/140 Ib_ automatic hammer
Hole Diameter: 6 inches

Logged By: B. McDonald  Reviewed By: K. Shah

STANDARD LAB
PENETRATION RESISTANCE TESTS
Sample & Blows per Foot & (PI1D)

0 14 20 30 40 50+

rit

LEAL
o4

— (0.2}

-0

-GS
08

109

itk

0.8}

0 20 40 60 30 100+
® Water Content in Percent

HARTCROWSER

3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise 17203-38 1/10
supporied by laboratory testing (ASTM D 2487). .
4. Groundwater level, if indicated., is at tme of drilling (ATDY or for date specified. Level may vary Figure A-2

wilh ime.



SEE SITE MAP

PACIFIC ENVIRONMENTAL GROUP, INC.

WELL NO. MW-95

PROJECT NOQ: 520-133.1G

LOGGED BY: B.A.

DRILLER: HAYES DRILLING

PAGE 1 OF 1

CLIENT: CHEVRON
DATE DRILLED: 10-9-98
LOCATION: Point Wells, Richmond Beach

FIGURE 2 DRILLING METHOD: HSA HOLE DIAMETER: 6"
SAMPLING METHOD: SPLIT SPOON  HOLE DEPTH: 21.5'
CASING TYPE: SCHD. 40 PVC WELL DIAMETER: 2"
SLOT SIZE: 0.020" WELL DEPTH: 19.8'
GRAVEL PACK: 2 x 12 SAND CASING STICKUP: NA
=
WELL " O~ g i
COMPLETION %"2" = §§ >_§ &) & LITHOLOGY/REMARKS
FE| 8 |ES|Ec|glE| & -
o3| o (28|54 3B 2| &
0| o |fa|lok |¥E o | @
— 9 - GRAVEL COVER.
L — 1 _
L ||| M [ SILTY SAND: light olive brown; 20% fines; 80% very fine to fine
7Z / 2 NN sand.
% . 1L
7; I Dp - 1l
—Z == 4 1l
o ]_g E - D i e
(e =5, Hill
=g Ja
— L S |
s = o 441
— B 7 4
= 8 ; // %LL INTERBEDDED GLAY/SILT: dark olive brown to dark gray; low
B ] ; plasticity; 50% clay; 50% silt.
| . 9 ¢
-2 e Dp 42 ;
3 g z
— & — 0 S SM L SILTY SAND: dark gray; 15% lines; 85% fine to medium sand.
| ] Wi 12
[— ] 13
B o 14 @14": as above; 15% fines; 60% very fine o medium sand;
B B 25% coarse sand; trace subangular gravel.
| - ] Wt 53 . ;
i | ML | SANDY SILT: dark gray; 80% silt; 20% very fine sand.
— =] 17
| ] Mst 18
— ] 19
. ] 20
B ] wi 45 | . _ .
= ] Sat 21 71 SM | SILTY SAND: 10 to 40% fines; 40 to 60% fine to medium sand.
[ ] 22 BOTTOM OF BORING 21.5'




Boring Log & Construction Data for Monitoring Well MW-122

Location: See Figure 2.

Approximate Ground Surface Elevation: Feel
Horizontal Datum: Field located

Verlical Dalum: NA

USCS Graphic . e Depth
Class Log Soil Descriptions in Feet
GM FN| 6 inches of Asphalt over (dense), moist, gray, 0

9 } silty, sandy GRAVEL with cobbles and L
)o petroleum-like odor.
3 C[D\ L
o
B .
L
i L
%:L
—5
s C[\
o -
i
| SM 1| Very loose, moist lo wel, gray, slighty |
gravelly, very silty SAND wilh pelroleum-like
odor.
—10

| ™Driller indicated poor recovery due to large
'l rock.

NEW BORING LOG 1720320BL.GPJ HC_CORP.GDT 7/8/08

LR

o ¢

Bottom of Boring at 25.0 Feet.
Started 05/27/08.
Completed 05/27/08.

Ecology Tag BAR 274

olherwise supperied by laboratory testing (ASTM D 2487).

with time.

S8 = Slight Sheen, NS = No Sheen, MS = Moderate Sheen, HS = Heavy Sheen

25

. Refer to Figure A-1 for explanation of descriptions and symbols.
. Soil descriptions and stratum lines are interpretive and aclual changes may be gradual.
. USCS designations are based on visual manual classification (ASTM D 2488) unless

ATD |-

Drill Equipment: Hollow stem auger

Hammer Type: 140 Ib. Auto hammer with 30" drop
Hole Diameter: 10 inches
Logged By: A. Inglish/A. Goodwin  Reviewed By: A. Goodwin

Well
Construction

I

Flush mount
monument

Concrele

Bentonite
chips

MW-122-51

1110-20 Silica
‘|sand

. £ |Screened 2"
- |PVC

- Groundwater level, if indicaled, is al time of drilling (ATD) or for date specified. Level may vary

While trying to sel well, hole was heaving and was unable to reach a depth of 25' (closest was
21"). Moved north 3 and drilled new borehole. Abandoned borehole's water level is 2 - 2.5'

bgs showing confined conditions.
Analytical waler content tabulated in Table 2.

Sample

=]

=

=1 ><]

=]

STANDARD LAB
PENETRATION RESISTANCE TESTS

4
0

Blows per Fool & (PID)
10 20 30 40 50+
- (76) S8
P ~(72) S8
(29.2)S8
(63 9) 55,
CA
F(77) 88
F(1.7) NS
l (2 4) NS
0 20 40 60 80 100+

Water Content in Percent

HARTCROWSER

17203-20
Figure A-93

5/08
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NEW BORING LOG 1720338-BL.GPJ HC_CORP.GDT 1/22/10

Boring Log B-09-2

Location: Se
Approximate

e Figure 3.
Ground Surface Elevation; 7 Feet

Haorizontal Datum: NAD 83
Vertical Daturm: NAVD 88

USCS Graphic . s Depth
Ciass  Log Soil Descriptions in Feel
SM/GM| 187 Crushed GRAVEL over {medium dense}, o
‘T.F| moist, brown, graveily SAND to (medium - ¢
1\ dense), wel, gray, sandy GRAVEL. {FILL) ATD
a9 M.arge gravel/cobbles observed with
TRl petreleum hydrocarbon-like odor to 5 feet.
in o
1 4
&P 1 Medium dense, wet, dark gray, very gravelly ¥
SAND to siity, gravelly SAND (TPH -
impacted). (Fluvial) .
TGP BT Mediom dense, wet gray o dark gray, "
)u 5 slightly silty, sandy GRAVEL. (Fluvial) -
[=] =
L O
o D 5
D712 inches of siough observed. N
3 . e 5
o Q\Shght petroleum hydrocarben-like odor to 20
D) feet. -
(=]
o -
o (N™WVery sandy. -
D
[=) -
L
° (¥~siightly silty. gravelly SAND to sandy 0
) GRAVEL. o
S 1 R
S/ -191 Dense, wet, gray. slightly silty, very gravelly
TF1 SAND to medium dense, sandy GRAVEL. =
1143 (Fluvial) 2
i
Lk —25
14 L
La
9 5
SM 1] Wiedium dense, wel, olve-gray, sy SAND 30
with wood fragments. (Lacustrine} o
35
iR “Grades to very silty SAND to sandy SIiLT with .
scattered grave! and shells. B
40

1. Refer to Figure A-1 for explanation of descriptions and symbols
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.

Drill Equipment: Modified B-61/Mud Rotory
Hammer Type: SPT w/140 |b. automatic hammer
Hole Diameter: 6 inches

Logged By: B. McDonald  Reviewed By: K. Shah

STANDARD LAB
PENETRATION RESISTANCE  TESTS

a Biows per Foot & (PID)
g 10 20 30 40 50+

-GS
- 1467)

- {560)

- 34)

39

- (18)

- {26)

° i . -GS
: . ) ™~ (5

. : —GS
. ) aH

)]

0 20 40 60 80 100+
& Water Content in Percent

HARTCROWSER

3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise 17203-38 12/69
supperied by laboratory testing (ASTM D 2487). .
4. Groundwater leval, if indicated. is at time of drifling (ATD} or for date specified. Level may vary Figure A-3 1/2

with ime.



NEW BORING LOG 1720338-BL GPJ HC_CORP.GDT 1/22/10

Boring Log B-09-2

tocation: See Figure 3.

Approximate Ground Surface Elevation: 7 Feet
Horizontal Datum: NAD 83

Vertical Daturm: NAVD 88

USCS Graphic Depth

Class  Log Soil Descriptions in Fael
SM | ]j Medium dense, wet, olive-gray. silty SAND a0
B with wood fragments. (Lacustrine) (cont'd) r
‘: 31 ™~CGrades to stiff, wet, olive-gray, sandy SIiLT b S-13
1 with scattered wood fragments, trace of shell, 1
RES \and hydrogen sulfide odor. {Non-plastic} B
1 Mbundant wood fragments observed to 47 45
feet. L
GP B Dense, wet, gray to dark gray, sandy
;Q GRAVEL with sheli fragments to 58 feet - S-14
(] Silty. (Fluvial) L
O% 50
o
0, -
a% _
o
0 “Gravelly SAND. _ .15
o% -
o —
}O “Drill action indicates possible large 30
)| gravel/cobbles. -
-0
. _
D 2
Ne ] 5-16
qs
b -
e A
o[\ _
}c:
O - 817
o) =
]D —B65
LQ
it -
DOD L
5O ™~Sligntly silty, gravelly SAND. »
o[\ 5-18
}D -
0O 70
o a
}DQ ]
BQ I3 Ne recovery with 2-inch diameter SPT, - S19
0 Resampled with 3-inch diameter SPT. 3 )
, (G| “Abundant shell fragments to bottom of
o[\ boring. —75
o, -
D% -
a
30 a2 5-20
Battom of Boring at 79.0 Feet.

Started 12/28/09. L B0
Completed 12/30/09.

1. Refer to Figure A-1 for explanation of descriptions and symbols.

2. Soil descriptions and stratum lines are interprefive and actual changes may be gradual.

3. USCS designalions are based on visual manual classification (ASTM D 2488) unless otherwise
supported by laboratory testing (ASTM D 2487).

4. Groundwater level, if indicated. is al lime of drilling (ATD} or for date specified. Level may vary
with time.

Sample

L m M

10
25

12
23

18

28

22

21
26

22
30

18
20

Drill Equipment: Modified B-81/Mud Rotory

Hammer Type: SPT w/140 Ib. automatic hammer
Hole Diameter: 6 inches
togged By: B. McDonald Reviewed By: K. Shah

STANDARD LAR
PENETRATICN RESISTANCE  TESTS

& Blows per Foot & (PID)
g

10 , 20 30 40 50+

<0 1)
N

¥

jy

20 40 60 80 100+

® Water Content in Percent

g

s
HARTCROWSER
17203-38 12/09
Figure A-3 22




NEW BORING LOG 1720338.BL GPJ HC_CORP GODT #22/10

Boring Log B-09-3

Location: See Figure 3.

Approximate Ground Surface Elevation: 11 Feet
Horizontal Datum: NAD 83

Vertical Datum: NAVD 88

USCS Graphic . . Depth
Class  Log Soil Descriptions in Feet
SP {Loose), moist, brown to dark gray, siity, ¢

gravelly SAND {o sandy GRAVEL. (FILL) -

GW Loose, moist to wet, gray to dark gray, sandy s
" GRAVEL (TPH impacted}, {Fluvial) r
[ b
]
P w | ~Medium dense. 2
«
B, L
@ 10
;&\Driél action indicates possible scattered 2
- cobble
»® -
g L
Po ]
b @ ™Abundant gravel to 17.5 feet.
g —15
A L
. ® 3
A &\S!ightiy sandy GRAVEL i
.; L
L
20

Po
b ® r
g | -
A “Dense, gravelly SAND with scattered shell L
b @ fragments.
. & r

Drill Eguipment: Modified B-61/Mud Rotory
Hammer Type: SPT w/140 'b. automatic hammer
Hole Diameter: 8 inches

Logged By: B. McDonaid  Reviewed By: K. Shah

STANDARD LAR
PENETRATION RESISTANCE TESTS
Sample  a Blows per Foot & (PID)
g 10 20 30 40 50+
8-1 3 e
4 (<04}
© L
82 ng . I Z I Cojkiey
|
8-3 X]é | ' i b (24 63
-GS

'
kS
thmar
T

°

(1.2}

3 Gy =
L ]

ss D8 [ed] ||| (ks

13

XETQ
$6 A
20 ;

scattered shell fragments. {Fluvial) . . . . )
i PRI R I R
S-7 X!lg -~ e : .
F—30 ‘ ' ' ' '
ML Very stiff, wet, gray SILT. (Lacustrine) N
8 =5 isf
- . - X2 FT °
SM Dense, wet, gray, silty SAND with | B o | me8
laminations. (Fluvial)
Trace organic material, 35
Fisern . 18 )
1 Slightly silty. L S 5ok o
! i o .
4o 0 20 46 80 80 100+
e Water Content in Percent
B
an
1. Refer to Figure A-1 for explanation of descriptions and symbols. MROWSER
2. Soil descriptions and sfratum lines are interprelive and actua! changes may be gradual.
3. USCS designalions are based on visual manual classification (ASTM D 2488) unless otherwise 17203-38 12/09
supportad by laboratory testing (ASTM [ 2487). ,
4. Groundwater level, if indicaled, is al time of driliing (ATD) or for date specified. Level may vary Figure A-4 1/2

with time.



NEW BORING LOG 172033B8-BL GPJ HC_CORP.GDT 1/22/10

Boring Log B-09-3

Location: See Figure 3. Driff Equipment: Modified B-61/Mud Rotory
Approximate Ground Surface Elevation: 11 Feet Hammer Type: SPT w/140 ib. automatic hammer
Horizontal Datum: NAD 83 Hole Diameter. 6 inches
Vertical Datum: NAVD 88 Logged By: B. McDonald Reviewed By K. Shah
STANDARD LAR
PENETRATION RESISTANCE  TESTS
USCE Graphic . o Depth
Class  Log Soil Descriptions in Feet Sample & Blows per Foat & (PID)
. 4 0 1020 30 50+
SM 141 Dense, wel. gray, silty SAND with : :
14 laminations. (Fluvial} (cont'd) - o
19
3 S-10 23 °
5 —45
SMML | |- | Very stiff, wet, gray, sandy SILT and SILT i
| with thin laminations. (Lacustrine) o F
10
3 5-14 0T B - AL
GP J Very dense, wet, gray, sandy to slightly %0 :
5[} sandy GRAVEL. (Fluvial) - - . ‘
(=] - - . i .
p® - 8 : ; \
0 _ se E T | | LN
[/ .
DQ —55
o ()
) - i
b QO - - . . _
Qe - s13 DABgler | | 0 L
Bottom of Boring at 58.4 Feet. R - : . ]
Started 12/30/09. 0
Completed 12/30/09.
55
—70
| = =
—75
80 0 20 20 B0 B0 foo+

Water Content in Percent

1. Refer to Figure A-1 for explanation of descriptions and symbols. MRTCROWSER

2. Soil descriptions ana stratum lines are interpretive and aclual changes may be gradual.

3. USCS designaticns are based on visual manual classification (ASTM D 2488) uniess stherwise 17203-38 12/08
supporied by laboratory testing (ASTM D 2487). .
4. Groundwater level, if indicaled. is at fime of drilling (ATD) or for date specified. Level may vary Figure A-4 2/2

with time.



(DRILLING COMPANY: Subterranean

LOCATION: N 288249.6, 1255930.7 )

DRILLING METHOD: Mud Rolary DATE STARTED: 10/29/2007
SAMPLING METHOD:; SPT w/safety hammer DATE COMPLETED: 11/1/2007
SURFACE ELEVATION: 3 % feet LOGGED BY: D. Maloney + J. Gillie
v o LLL)J
@ w5 14 Siandard Penetration Test
5 w 2 =3 %] ot N
a o g g b = (140 Ib. weight, 30" drop)
o S E 5 E £ = % A Blows per fool
E. 2 g tz =% & 5 i
Fe £ 8 Ss% & Y 3 E<
4 £ 2 DESCRIPTION 58 H2 5 & we
- v = 0 10 20 3 40 50 O
p™~7 z GP | Very loose 1o dense, dark gray, slighly silty, sandy, fine fo : 0
- )° 0 coarse GRAVEL, moisl.
o O
1pQ ¢
. ;B; Low recovery in S-1 at 2.5 feel. Gravel lodged in tip. N 51 3-241
(=)
1504 /\
0 B‘
S o | \] 52 202022 GS =5
Dense, dark gray to dark olive gray, slightly silty to silty, fine ’A(
gravelly, fine to coarse SAND, moist.
(PRE-FRASER NON-GLACIOFLUVIAL DEPOSITS)
N §-3 232120
) Very dense 1o dense, dark gray, siightly silty, sandy, well | \] S-4 27-32-48 —10
ol . graded GRAVEL, moist.
- Low recovery in S-4. High blow count probably a resull of
169 pounding cn a cobble or coarse gravel particle.
e '\ Drilter noles rough, cobbly drilling action, N S5 132-50/5"
b, A
1b®
:
5 Pa §6 39-27-22 GS —15
1p®
3 )
1
B 1 o I I R \] s-7 38-37-42
Very dense, dark gray, slighlly silty, fine lo coarse SAND, "‘
= moisl.
VSR e o= === o 20
d GW /| very dense, dark gray, slightly silty to silty, sandy, well S5-8 39-3745 GS
i GM | graded GRAVEL, moist.
A
1
.
i)
[ 3
-Hp
[ ]
o BT
P ] GP | Very dense, dark gray, medium lo coarse sandy, fine to 59 31-50-39
- )“ D coarse GRAVEL, moisl.
o O
b O
o Dc
o 0
—p O(
o L
go—4n- 0t W — 3D
For a proper understanding of the nature of subsurface conditions, this WS ORI
exploration log should be read in conjunction with the text of the o o
geolechnical I"EpOl'l Plastic Limil —@—— Liquid Limit
) Natural Water Content
NOTE: This log of subsurface conditions applies only at the specified locatian and on the date indicaled
\_ and therefore may nol necessarily be indicalive of olher times andlor locations. J
BORING:
m Brightwater Marine Outfall Design B-490+36
HWA GEOSCIENCES INC. PR 1ol
proJecTNO.:  2007-007-21 FIGURE: 12

BORING 2007-007.GPJ 3/6/08



(DRIL!.ING COMPANY: Sublerranean
DRILLING METHOD: Mud Rolary
SAMPLING METHOD: SPT w/safety hammer

LOCATION: N 288249.6, 1255930.7 E
DATE STARTED: 10/28/2007
DATE COMPLETED: 14/1/2007

SURFACE ELEVATION: 3 & feel LOGGED BY: D. Maloney + J. Gillie
(2] r g
w 5 i Standard Penetration Test
w I z 7] i
a 5 g = E £ = (140 Ib. weight, 30" drop)
= Fz gg¢ uw 2 A Blows per fool
o @ by Yo o z
E_ & e I -] =
5 £ 8 \ =2 zF E O 53
o % 3 DESCRIPTION s B o8 O O A&
A= SM | Very dense, dark gray, fine lo coarse gravelly, silty, fine to Y 8-10 45-47-50 GS 0
. coarse SAND, moisL. M
i Driller noles sandy drilling, but very dense, slow, constant
drilling.
N Driller notes sandy drilling, bul faster.
== Drilling and blows are consistent. S-11 58-50/6" h—35
] Driller notes off and on gravelly drilfing, mostly sand, slow.
Very dense, dark gray fo dark alive gray, slightly sitty, fine to | [\ S-12 38-36-31 GS —40
coarse sandy, well-graded GRAVEL, moisl.
Driller notes constant, smooth, faster drilling. :
Very dense, dark gray lo dark olive gray, shighlly fine | |\/|S-13 364843 GS : —4a
gravelly, silty, fine SAND, moist. Vi
s testmr s aT s A e 5 — 50
P GP | Very dense, dark gray, slightly silty, slightly sandy, fine to ®S~14 64-50/5 :
= ;Bc coarse GRAVEL, moisl. W .
1 QO ( 3
o (] :
b 0 ;
4O i
o B‘
= )DC)?{ Very dense, dark gray, medium to coarse sandy GRAVEL, 8—1545-40-5015.5“ Ty — 58
4b 1. ;
i Gﬂ we ‘ :
- )o O
1p9 s
o (M 3
1P o -
b ( :
T B e ep T TRy S et 0 20 40 60 80 100'" &
For a proper understanding of the nature of subsurface conditions, this Wels CoETR)
exploration log should be read in conjunction with the text of the o °
technical ort Plastic Limit |—@— Liquid Limi
geolecnnical report. Natural Water Content
NOTE: This log of subsurface conditions applies only al the specified location and on the dale indicated
\_ and therefore may not necessarily be indicative of other times and/or locations. Y,
BORING:
m Brightwater Marine Outfall Design B-490+36
HWA GEOSCIENCES INC. PR 2ol
proJEcTNO.:  2007-007-21 FIGURE; 12

BORING 2007-007.GPJ 3/6/08




rDRILLlNG COMPANY: Sublerranean
DRILLING METHOD: Mud Rotary
SAMPLING METHOD: SPT w/safety hammer

LOCATION: N 288249.6, 1255930.7 )
DATE STARTED: 10/29/2007
DATE COMPLETED: 11/1/2007

SURFACE ELEVATION: 3 % feel LOGGED BY: D. Maloney + J. Gillie
7] w
g g 2 e Standard Penetration Tesl
5} g 2 g 525 (140 Ib, weight, 30" drop)
i 8’ E 5 7 E = % A Blows per fool
= g 2 g5 %% & 3 g
ke 3 == Z§ = Q o gl
B8 = B T = w2 E wd
o ®w 2 DESCRIPTION v w o (=] Q 0 10 20 30 40 50 0=
- >A— 60
Bl ‘1 SP | Very dense, dark gray, gravelly, medium o coarse SAND, @S-‘IB 55-50/6" :
- wel.
8= GP | Very dense, dark gray, medium 1o coarse sandy GRAVEL, ms-w 46-50/5.5"
~ wel. Some gravel pariicles fracturing like sof rock. Ve
7] Borehole terminaled at 66.0 feel below the existing ground
N surfaca.
70—
75 —
80—
B5 ==
A= o m e e m Sam
For a proper understanding of the nature of subsurface conditions, this i Corri %]
exploration log should be read in conjunction with the text of the o o
otechnical report Plastic Limit —@——] Liquid Limit
ge ; Nalural Waler Content
NOTE: This log of subsurface conditions applies only at the specified location and on the date indicated
k and therefere may not necessarily be indicalive of other fimes and/or locations. J
BORING:
"lI‘EE‘!‘ Brightwater Marine Outfall Design B-490+36
HWA GEOSCIENCES INC. PAGE 3ol 2
proJecTNo.:  2007-007-21 FIGURE: 12

BORING 2007-007.GPJ 3/6/08



(DRILLING COMPANY: Gregory Drilling Inc. LOCATION: N 288202.2, E 1256046.4

- DRILLING METHOD: HSA DATE STARTED: 10/8/2007
. SAMPLING METHOD: SPT w/autohammer DATE COMPLETED: 10/8/2007
SURFACE ELEVATION: 8 % feet LOGGED BY: J. Speck
[77] r g
9 w > 14 Standard Penetration Test
3 o <7 @ w
o = he & = (140 Ib. weight, 30" drop)
., B 5 ne Y % A Blows per foot
Q o = ge o £ =
E — o o A g () 2 =
g 2 8 = =z ik E [
82 & 8 DESGRIPTION 5 &2 B & a8
5 = =~ 0 ‘10 20 30 40 50 0 ™~

L]
o

Loose, gray, fine io medium SAND, trace coarse sand and
shell fragments, wet,

4
N

4-8-5 Gs ¥
As above, brownish gray, medium dense, trace coarse
sand, fine gravel, shell fragments.

=1 (=1 [=<] SAMPLETYPE
w
~nN
$

A= S8 352
7 Loose, olive gray, fine to coarse SAND, frace sil.
{3 0L | Soft, olive brown to very dark brown, organic SILT, with || S4 001 GS
decompasing wood, frace sand, hydregen sulfide odor.

7 SP I;o:ejaﬁe—gr;yﬁrg o r;élﬁl;S_AlTD.._h;:e_ g;va and |

10 —| silt, wet. N S 1A
| No recovery - coarse gravel or cobbles, N S-6 11-15-16

. L SP | Medum d_er:l;e._gay_iogaﬁ a; fine o medium SAND, v 87 812-11

- with fine lo coarse gravel, wet. M
N N S8 41015 GS

As above, dense,

58 1141317

1
=

| Ms-m 141319 GS

2= 5-11 12-14-20 ¢
bl —— e e A Ll
For a proper understanding of the nature of subsurface conditions, this e Sorien )

exploration log should be read in conjunction with the text of the Sl e

geotechnical report. Natural Waler Content
NOTE: This log of subsurface condilions applies only al the specified location and on the date indicated
\L and lherefore may not necessarily be indicalive of other times and/or locations. Y,

. m Brightwater Marine Outfall Design B-491+63

HWA GEOSCIENCES INC. PAGE: 1 of 2
proJECT No.:  2007-007-21 FIGURE: 13

BORING 2007-007.GP.J 3/6/08



(_DRLLLING COMPANY: Gregory Drilling Inc.

LOCATION: N 288202.2, E 1256046.4

DRILLING METHOD: HSA DATE STARTED: 10/8/2007

SAMPLING METHOD: SPT w/aulohammer DATE COMPLETED: 10/8/2007

SURFACE ELEVATION: 8 & feet LOGGED BY: J. Speck

7] @ LUS’

7] o] z % Standard Penetralion Test

3 w 2 <® 0 = : M

a o= ¥ [ = {140 1b, weight, 30" drop)
o g E 5 7] 2 = E A Blows per foot

T c @ i I i F4

E. o @ oo : w =2

i £ 2 2 2 E B

o= @ 3 DESCRIPTION @ ow [ o (4]

80 ::.'. SW | Dense, gray to dark gray, well-graded SAND with silt and \js12 21-25-21 GS

[l SM | gravel, wet. H
T Boring terminated al 31.5 feel below surface.

Ground water observed al 3 feel at time of exploration
1 (ground water lidally influenced).

35—

40—

45—

50 —

55 —

80— 0 = % w0 & w0
For a proper understanding of the nature of subsurface conditions, this Water Content (%)
exploration log should be read in conjunction with the text of the o °

eotechnical report Plastic Limit |—@— Liquid Limit
g ) Natural Water Content
NOTE: This log of subsurface condilions applies only at the speciiied location and on the date indicated
\_ and therefare may not necessarily be indicative of other times and/for locations. J

‘ _ BORING:

m Brightwater Marine Outfall Design B-491+63
HWA GEOSCIENCES INC. PASE 2otz

proJecT NO..  2007-007-21 FIGURE: 13

BORING 2007-007.GPJ 3/6/08



(DRILLING COMPANY: Gregory Drilling Inc.
DRILLING METHOD: HSA
SAMPLING METHOD: SPT w/aulohammer

LOCATION: N 288151.8, E 1256168.5 R
DATE STARTED: 10/8/2007
DATE COMPLETED: 10/8/2007

SURFACE ELEVATION: 13 % feet LOGGED BY: J. Speck
@ e B i
2] i3] 14 Standard Penetration Test
5 w B Z% 4 I;‘_J
o o g = o = = (140 Ib. weight, 30" drop)
é £z o 2 B E A Blows per fool
g @ yu He p oz 5
E o o o Eq w 2 -
ke 2 6 SS =Z§ T © Ez
ge % 3 DESCRIPTION 55 Es b5 B ge
g § = = 0,10 2 3 4 0 =5
0= { 8P | Loose, olive gray, slightly fine io coarse gravelly, fine lo ‘ 51 2-2-5 e }
medium SAND, with irace coarse sand, trace silt, moist. M 1 -
M s2 6811 GS B
As above, grayish brown, medium dense, trace shell i
fragments. 55 204921 Ava ; LA . il 5
l.;ose to?ense. oTivtTgTay lo dark olive gray, s—ﬁghtly s:‘ity?: M :
SM | silty, fine to medium SAND, with trace coarse sand and
gravel, wel.
}Y{ 54 521 @GS
Soft PEAT with sand inlerbeds, wel, hydrogen sulfide odor,
Soff, light yellow brown, SILT, decomposedwood | \] §5  0-0-1
fragments, fine to medium sand interbeds, moist,
JE] s6 000 GS
iy Dark gray to black, wood and sand interbed, faint
47— hydrocarban odor.
15 —| - — Soft, olive gray SILT, decomposed wood fragments, fine to
medium sand interbeds, moist, hydrogen sulfide odor. N 57 002
N SP | Medium dense, olive gray lo dark gray, fine to medium,
gravelly, SAND, trace sill, wet. Gravel is fine to coarse.
- Decreasing hydrogen sulfide odor. M S8 6810
_ As above decreasing odor,
G | L N OO U OO TSSOSO s 7710
n SP | Medium dense, dark gray, fine fo medium SAND with fine to N
coarse gravel, trace coarse sand, wet. No hydrogen sulfide
- codor.
i Ms-m 558 GS
0 As above wilh increasing fine sands, MS-'H 5-10-14
. sy i 0 20 40 60 80 100
For a proper understanding of the nafure of subsurface conditions, this il o (47
exploration log should be read in conjunction with the text of the e R "L_ —_—
i i —@— Liguid Limi
geOtBChmcal report. Natural Waler Content
NOTE: This log of subsurface conditions applies only al lhe specified location and on the date indicated
\ and therefore may not necessarily be indicative of other times and/or locations. J
BORING:
m Brightwater Marine Outfall Design B-492+94
HWA GEOSCIENCES INC. PAGE Tl
proJECT No.:  2007-007-21 FIGURE: 14

BORING 2007-007.GP.J 3/6/08



{ DRILLING COMPANY: Gregory Drilling Inc. LOCATION: N 288151.9, E 1256168.5 N

For a proper understanding of the nature of subsurface conditions, this
exploration log should be read in conjunction with the text of the
geotechnical report.

NOTE: This log of subsurface conditions applies only at the specified location and on the date indicaled

DRILLING METHOD: HSA DATE STARTED: 10/8/2007
SAMPLING METHOD: SPT w/autohammer DATE COMPLETED: 10/8/2007
SURFACE ELEVATION: 13 % feet LOGGED BY: J. Speck

L] o ‘.ug

7] 1] > [+ Siandard Penetration Test

3 we % o F

o o % un-) o i < (140 Ib. weight, 30" drop)

4 = Fz 28 = % A Blows per fool
wow i}
T o @ ol x L 14 Z T
. @ o B I : E ] b i
5§ £ & =z £: E ¢ 53
) 2
Sﬂov w D DESCRIPTION wow o Q U] 0 10 20 30 40 50 P
7] As above, dense. NS-‘I 2 8-19-16 GS ] 30
7 Boring terminaled al 31.5 feet below surface.
Ground water observed at 5 feel at time of exploration
- (ground water tidally influenced).
35 —
40—
45 —
50 —
55 —
60— s B & 3 @ o® oE 2%
1] 20 40 60 80 100

Water Content (%)

Plastic Limit |—@— Liquid Limit

Natural Waler Content

\_ and therefore may not necessarily be indicative of other times and/or locations. J
BORING:
m Brightwater Marine Outfall Design B-492+94
E:
HWA GEOSCIENCES INC. PG 2ol 2
proJecTNO.:  2007-007-21 FIGURE: 14

BORING 2007-007.GPJ 3/6/08



PROJECT NO: CG29291A CLIENT: Chevron BORING/WELL NO: AP26

LOGGED BY: E. Larsen LOCATION: Pt. Wells Terminal PAGE 10F 1
. DRILLER: Cascade DATE DRILLED: 10/31/01 LOCATION MAP
KHM DRILLING METHOD: HS HOLE DIAMETER:  12-Inches
SAMPLING METHOD: D&M HOLE DEPTIL 215 Feet
ENVIR ONMENTAL [ CASING TYPE Sch. 40 PVC WELL DIAMETER: 8 inches ' SEE FIGURE 3
MANAGEMENT  |SLOT SIZE: 0.040 WELL DEPTH: 20 Feet
INCORPORATED |GRAVEL PACK:  Pea Gravel CASING STICKUP:  N/A
ELEVATION NORTHING CASTING
Well Completion et v . E"ﬁ _ § .{;\ E Samp]e qé
waer | £ SE B2 |5 o3| E LITHOLOGY / DESCRIPTION
Level | = O a~ 5 3‘3 h g § &
A. A~ 1A & &

SAND & GRAVEL - FILL

—
L

SW |SAND: grayish brown; 5% fines; fine to coarse grained;
20-30% gravel; loose; no odor.

10 5 @ 5 Feet: as above; dense; faint hydrocarben odor.
Dp 2.6 14 ¢ —
] 20
A 4 ’
8 - —_—
9 g
2 |@ 10 feet: as above; increasing gravel; hydrocarbon odor |
Wet 16 2 (oil); medium dense; sheen.
1
12 ki
13 e -
14

7 @15 Feet. as above; 10-20% gravel; hydrocarbon odor;
Wet 8 14 sheen. e
20
17 . - -
18
i SM  [SILTY SAND: gray; 10-20% fines; fine 1o medium grained; |
medium dense; faint hydrocarbon odor. i . B
20 = T —
— 9 —arr -
= __ Wet 4.1 10 . o
i 17 | BOTTOMOFBOR!NG AT 21 5 FEET




PROJECT NO: CG29291A CLIENT: Chevron BORING/WELL NO: AP-39
LOGGED BY: E. Larsen LOCATION: P1. Wells Terminal PAGE 1 OF |
DRILLER: Cascade DATE DRILLED: 11/8/01 LOCATION MAP
M DRILLING METHOD: HS HOLE DIAMETER:  12-Inches
SAMPLING METHOD: D&M HOLE DEPTH: 21.5 Feet
ENVIRONMENTAL |CASING TYPE  Sch. 40 PVC WELL DIAMETER: 8 Inches SEE FIGURE 3
MANAGEMENT  [sLOT SIZE 0.040" WELL DEPTH: 20 Fest
INCORPORATED |GRAVEL PACK:  Pea Gravel CASING STICKUP: N/A
ELEVATION NORTHING EASTING
ell Completion —_ | =
Well Completion Staiic g 4 %" n .§ < E Sample aé:
7] Iy ] ~ | =
waer | 2 21 BB | £ |3 £ sl E LITHOLOGY / DESCRIPTION
Level | 2 © a -~ g '_-% o é & Be]
a =10 2 £
SAND & GRAVEL - FILL |
1 s
2
3
. .
. GW |Sandy GRAVEL: dark gray; 5% fines; 20-30% sand:
5 fine to medium gravel; medium dense; strong
Mst 39 7 z hydrocarben odor; sheen,
Hl
6
) 4 ’ “
8
9
2 @ 10 feet: as above; very loose; strong hydrocarbor
Wet 8.9 2 odor; sheen.
1
12
13
e SW  |SAND: dark gray; 5% fines; fine to coarse grained;
10-20% gravel; loose; hydrocarbon odor; sheen.
2
Wet | 12.1 3 _
4 o — s —
17
18 - —_ I
15 GW |Sandy GRAVEL: dark gray; 5% fines; 20-30% sand; ]
fine to medium gravel; medium dense; hydrocarbon odor. R
20 : . N
8
i o Wet 5.8 12 21 ‘ -
i 15 BOTTOM OF BORING AT 21.5 FEET i
S 22 o]
[




‘ | Monitoring Well Ge
Converse NW onicorin e 20

Project Number

logic & Construction Log

Well Number

91-35101-06 MW-42 Sheet 1 of 1 ,
Project Pt Wells Monitaring Well Installations Location Pt_Wells Disrribution Center
Elevation (Top of Well Casing) 11.94 Surface Elevation
Water Level Elev. 494 Start Date  April 16, 1991
Drilling Contracter MgceDonald Holt. Inc Finish Date April 16, 1991
Drilling Method B-61/HSA
[Depth Lab lows/ LSVM )
feet Well Construction Tests [ adin Description
locking flush-mounted SILTY SAND (Fill); brown, some fine to coarse gravel; medium
aluminum monument dense, very moist
- concrate b1
7 [l »
cys
3 bentonite seal 2 "
- 5 : 5
A 3
I 10/20 silica sand filter 2 2 grades to gray; loose, very moist
prck
i ATD 4/16/91
7 grades to black, hydrocarbon like staining and odor
k 1 5
[
# 6
= 1
10 i
1
L i1 10
¥l 15
i well screen, 4.0" ID
scheduls 40 PVC with
3 0.010" slota
=15 1 s SAND (Fill); gray, fine to medium, trace gravel; medium dense,
51 5 wet; hydrocarbon like odor with sheen
3 i1 12
5 “
| ks
20 & 1 5 little fine to medium gravel, trace shell fragments; medium densa,
E. : ; 1 wel; hydrocarbon like odor and sheen
- 2 1 12
5 1]
I 0 Bottom of boring at depth 22.0 feet.
Soil sampler driven using a 300-pound hammer falling 30 inches.
ST - Sampler Type: Lab Tests: Logged by: BCP
l 2" OD Split Spoon S - Scil Properties Approved by: RAL
B Bulk Grob Sample € - Chemical Properties
Drive Barrel ¥ Water Level Figure No. A-10
Confidential RB-5-00001076



%

Monitoring W

Jell Geologic & Construction Log

Converse NW Project Number Well Number ‘
91-35101-06 MW-43 Sheet 1 of 1
Project itori i Location Pt_Wells Distnibution Center
Elevation (Top of Well Casing) 10.04 Surface Elevation :
Water Level Elev. 5.04 Start Date  April 16, 1991
Drilling Contractor Finish Date April 16, 1991
Drilling Method B-61/HSA ’
IDepth . Lab SPBlows/{ OVYM
feet Well Conatruction Tests I] €" Reading Description
I Tocking flush-mounted SILTY SAND (Fill); gray to brown, fine sand, trace {ine to medium
aluminum monument gravel, wood fragments; medium dense, wet; hydrocarbon like odor
concrele
- : =
bentonite seal ¢ 3
cH?3
" 7
%
-5 ATD 4/16/91 ; 5 increasing silt content, decreasing gravel content
A 9
- M
10/20 silica sand filter g
pack
H s
L A4 3
] 12
=10 well screen, 4.0" 1D : 3 grades to gray, fine to coarse sand, some fine to medium gravel
scheduje 40 PVC with A &
+ 0.010" slots " 7
1
15 ; 1 SILT (Fill); dark brown, trace sand, peat and wood {ragments; very
I i1 2 loose, very moist; hydrocarbon like odor and visible liquid
3 A 2 hydrocarbons in sample d
:‘_ ;
20 : 5 SILTY SAND (Fill); gray, line to coarse, some fine to coarse gravel;
A 9 medium dense, wet; hydrocarbon like odor
I 1 14
L Bottom of boring at depth 21.5 feet.
Soil sampler driven using a 300-pound hammer falling 30 inches.
ST - Sampler Type: Lab Tests: Logged by: BCP
| 2" OD Split 8poon S - Soil Properties Approved by: RAL

B Bulk Grab Sample

Drive Barrel

C - Chemical Properties
g Water Level

Figure No. A-1l

Confidential

RB-5-00001077



Monitoring Well Geologic & Construction Log

Converse NW Project Number Well Rumber
91-35101-11 MW-79 Sheet 1 of
- Project = ili 1 smerfpeation i i
Elevation (Top of Well Casing) L6 Surface Elevation 1150
Water Leve! Elev. 6.25 Start Date  Japuary 21, 1992
Drilling Contractor (Geohqring & Dev, Co Finish Date January 22, 1992
Drilling Method Skid Mounted / HSA
Depth Lab EPBlows/| OVM L
foet Well Construction Teats [ 6" Rendin Description
locking flush-mounted ppm | 8 inches thick CONCRETE SLAB
steel monument FILL
1
z ;22::;::::?1" sea c M SAND; gray, fine to medium, little coarse sand, trace fine gravel;
1A ;: n medium dense, moist
11 unidentified odor
1 20
10/20 silica sand filter 2‘
ack
E i1 21 560 | SILTY SAND; gray-brown, fine to medium, some lumps of hard
1 26 yellow-brown silt, Lrace coarse sand and mica, trace fine gravel:
ATD 1/22/92 ; 28 dense, very moist; hydrocarbon-like odor
171
c ] 22 | 600
25
] 21 SANDY SILT; gray, fine sand, littlc coarse sand, trace wood
- 5 A fragments; very stiff, moist; hydrocarbon-like odor
1/23/92 ]
F 1 | 500 ESTUARINE DEPOSITS
1 7 SAND; gray, some silt, medium to coarse, few fine gravel, trace
41 10 plant fragments; medium dense, wet; hydrocarbon-like odor
1A
d
well screen, 1" ID achedule
40 PVC with 0.010" slota
10
ORGANIC SILT; yellow-brown to gray-brown, few plant fibers
thresdedisnd esp 3 1 50 and [ragments; soft, moist; organic-like odor
A 2
1A 2
A
]
r15
backfilled with bentonite
hi
= % 20
j 10
[ 10 SAND; gray, medium to coarse, some {ine sand and silt, trace fine
A gravel; medium dense, wet; organic-like edor
L4
ST - Sampler Type: Lab Tests: Logged by: ECR
| 2" OD Split Spoon S - Soil Properties Approved by: R AL
B Bulk Grab Sample C - Chemical Properties
Drive Barrel ¥ Water Level Figure No.
Confidential

RB-5-00001294




: Monitoring Well Geologic & Construction Log ¥
Converse NW Project Number Well Rumber ,
91-35101-11 MW-79 Sheet 2 of 2
Eroject = ili i smerbeation i istributj 4
Elevation (Top of Well Casing) 1116 Surface Elevation 11.50
Water Level Elev. . 6.25 Start Date  January 21, 1992
Drilling Contractor (Geoboring & Dev. Co Finish Date January 22, 1992
Drilling Method Skid Maunted / HSA
[Depth Lab EPBlows/| OVM
{eet Well Construction Tests [I] 6"  Hendin Description
trace wood fragments and lumps of organic silt
4 1 15
1 o
Kl 18
11
11
r backfilled with bentonite B grades coarser across sample with depth
L chips
25
12 45
1 15
1 22
y
(A
Bottom of boring at depth 29.0 feet
Bore hole allowed to cave in to 15 feet
30 Monitoring well inatalled to depth 12.5 feet
Soil sampler driven using a 140-pound hammer {alling 20 inches
r35
L
ST - Sampler Type: Lab Testa: Logged by: ECR
| 2" OD Split Spoon S - Soil Properties Approved by: RAL
E Bulk Grab Sample C - Chemical Properties
Drive Barrel S:Z Water Level Figure No.

Confidential

RB-5-00001295



Monitoring Well Geologic & Construction Log -
Converse NW Project Number R Nurber
91-35101-11 MW-83 Sheet 1 of 2
Project Mﬂmhmﬂmm@ﬂmmwﬁmsmemmn i istrihuti 4
Elevation (Top of Well Casing) 11.45 Surface Elevation 1L 66
Water Level Elev. 7.04 Start Date  Jamuary 27. 1992
Drilling Contracter Geoboring & Dev. Co. Finish Date January 27, 1992
Drilling Method _ Skid Mannted / HSA.
Depth Lab BBlows/[ ovM o
feet Well Construction Tests I] 6" *Readin, Description
locking flush-meunted ppm | 6 inches thick CONCRETE SLAB
steel monument FILL —
L ;:::;‘:i::::;h! seal c B n 8 SAND; br?'n, fine to coarse, little fine grevel, trace silt; medium
1 16 dense, moist
tiser, 2" ID schedule 40 4 23
PVC 4
A
14
C 4 14 14 SILTY SAND WITH GRAVEL; brown, fine to coarse sand, fine
1 H i int
10/20 silica sand filter A :g wravel; medium dense, mois
pack % bydrocarbon-like odor and staining
L1
[l 10 | 45
11
2/13/02 ; 13 SAND; brown to gray, fine to medium, trace silt; medium dense,
- 5 well screen, 2° ID schedule g wet; hydrocarbon-like odor, sheen on sampler
40 PVC, 0.010" slot size 4
BEACH DEPOSITS
SAND; gray, fine to medium, trace silt and ahell fragments; very
loose, wet; hydrocarbon-like odor
11 120
1 0
1 0
n
]
10
ESTUARINE DEPOSITS
ORGANIC SILT; brown, hbrous, few fine to medium sand, trace
shell fragments; stiff, moist; hydrocarbon-like odor
threaded end cap
] 3
14
{ 6
A 9
4
1 ‘
15 mixture of soil and
bentonite chips
3 7 few plant fibers; soft, moist; hydrocarbon -like odor
[ 1 1 BEACH DEPOSITS
d SAND WITH GRAVEL; gray-brown, fine to coarse sand, fine
_’: grave); medium dense, wet; hydrocarbon-like odor
ST - Sampler Type: Lab Tests: Logged by: ECR
I 2" OD Split Spoon S - Soil Properties Approved by: RAL
Bulk Grab Sample C - Chemical Properties
| Drive Barrel ¥ Water Level Figure No.

Confidential RB-5-00001299



Monitoring Well Geologic & Construction Log ]
Converse NW Project Number Well Number
- 91-35101-11 MW-83 Sheet 2 of 2
- Project = ili i smetdbeation 1 i 3
Elevation (Top of Well Caning) 1145 Surface Elevation
Water Level Elev. - 1.04 Start Date  January 27. 1992
Diilling Contractor  (Geoboring & Dev, Co. Finish Date Japuary 27, 1992
Drilling Method Skid Mounted / HSA
Depth Lab BPBlows/ OVMJ
feet Well Construction Tests [I| 6 Readin Description
ESTUARINE DEPOSITS
1 s ORGANIC SILT; brown, few fibers; soft, moist
L M 21
1 31 BEACH DEPOSITS
” SAND WITH GRAVEL; gray, fine to coarse sand, fine gravel,
| : abundant quartr sand, trace ailt; dense, wet
25
1 13
H 1 27
1 43
A
X 11
Bottom of boring at 29.0 feet
Boring backfilled with bentonite chips
30 Soil sampler driven using 2 140-pound hammer falling 30 inches
—35
ST - Sampler Type: Lab Tests: Logged by: ECR
I 2" OD Split Spoon S - Soil Properties Approved by: RAL
8 Bulk Grab Sample C - Chemical Properties
Drive Barrel S—_Z Water Level Figure No.

Confidential

RB-5-00001300



PROJECT NO; CG29291A CLIENT: Chevron BORING/WELL NO: MW-97
LOGGED BY: E. Larsen LOCATION: Pt. Welis Terminal PAGE 10F 1
DRILLER: Cascade DATE DRILLED: 10/29/01 LOCATION MAP
K HM DRILLING METHOD: HS HOLE DIAMETER:  12-Inches
SAMPLING METHOD: D&M HOLE DEPTH: 21.5 Fest
ENVIRONMENTAL |CASING TYPE  Sch. 40 PVC WELL DIAMETER: 8 Inches SEE FIGURE 2
MANAGEMENT  [sLOT sIZE 0.040" WELL DEPTH: 20 Feet
INCORPORATED |GRAVEL PACK:  Pea Gravel CASING STICKUP:  N/A
ELEVATION NORTHING EASTING
Well Completion Static g " _%-D R é {; E Sample E:
iy -
2 p |WeelZgf $E|E7(Z P el E LITHOLOGY / DESCRIPTION
ﬂ% 8 Level | 2 © SQ: ~ E _-—g g' E g &
i CONCRETE SLAB
o 1
[ SW  |SAND: brown; trace fines; fine to coarse grained; 10-20%
;%/%/ 7 g fine gravel; dense; damp; no hydrocarbon odor.
2
1 B
. .
. ///; 3 _
1 :
15
Mst 21 18 SILT: gray; 15-20% fine sand; hard; organic odor.
30 I
7
8 _
§ SW |SAND: gray; 5% tines; fine to coarse grained; 20-30%
gravel; cobbles; very dense; strong hydrocarbon odor;
10 sheen.
Wet | 647 |50 (6)
12
13
s PT |PEAT: brown; damp; strong hydrogen sulfide odor.
15
ey 5
gt Dp 227 6 i ORGANIC CLAY: dark gray; stiff; strong hydrogen
Pl sulfiide odor.
17 -
o
i £ ] 18 L
% 19 SW  ISAND: dark gray; 5% fines; medium to coarse grained,
= 10-20% gravel; dense; hydrogen sullide odor.
chie 20 — -
Pl 6 o
et Wet | 217 | o N - B
: 30 BOTTOM OF BORING AT 21.5 FEET
- 22 s gL S —— ==




PROJECT NO: CG22291A CLIENT: Chevron BORING/WELL NO: MW-938
LOGGED BY: E. Larsen LOCATION: P1. Wells Terminal PAGE 1 OF 1|
I l DRILLER: Cascade DATE DRILLED: 10/28/01 LOCATION MAP
K M DRILLING METHOD: HS HOLE DIAMETER:  12-Inches
SAMPLING METHOD: D&M HOLE DEPTH: 21.5 Feet
ENVIRONMENTAL |CASING TYPE Sch. 40 PVC WELL DIAMETER: 8 Inches SEE FIGURE 2
MANAGEMENT  [SLOT SIZE (.040" WELL DEPTH: 20 Feet
INCORPORATED |GRAVEL PACK:  Pea Gravel CASING STICKUP:  N/A
ELEVATION NORTHING EASTING
Wl ComleSor Static | £ g ,%ﬂ —_ .§ o g Sample (é:
< "~ =
22| 2E |52 |3 F el E LITHOLOGY / DESCRIPTION
=o(e~ | B2 |8 S 2| &
[ A~ 1A & E
CONCRETE SLAB
1 : . -
SW [SAND: brown; trace fines; fine to coarse grained; 10-20%

5 gravel; medium dense; damp; faint hydrocarbon cdor.

3
. o e
8
Dp 77 14 SILT: gray; 20-30% fine sand; hard; hydrocarbon odor.

17
7 e 2
8 S
5 GW |GRAVEL: dark gray; trace fines; 10-20% fine to coarse

sand; fine to coarse gravel; wood fragments; medium
- dense; strong hydrocarbon odor; sheen.
8
Wet 202 12 i L
7 pRRE

12

13 —

d SW [SAND: brown; trace fines; fine to coarse grained; 10%
gravel; thin peatiorganic clay interbed; medium dense;
hydrocarbon odor.

15 e

16 B
Wet 170 9 16
8 grars

17

18 ]

19 s smecvengs suseesug o sesed

20— . ; ]

16 @20 Feet. dark gray; wood fragments; anoxic; dense;
Wet 95 18 5 hydrocarbon odor. ]
24 BOTTOM OF BORING AT 21.5 FEET B |
— 22 SO -
I




PROJECT NO: CG29291A CLIENT: Chevron BORING/WELL NO: MW-99
LOGGED BY: E. Larsen LOCATION: PL. Wells Terminal PAGE | OF 1
DRILLER: Cascade DATE DRILLED: 10/29/01 LOCATION MAP
DRILLING METHOD: HS HOLE DIAMETER:  12-Inches
SAMPLING METHOD: D&M HOLE DEPTH: 21,5 Feel
ENVIRONMENTAL [CASING TYPE ~ Sch. 40 PVC WELL DIAMETER: 8 Inches SEE FIGURE 2
MANAGEMENT  |SLOT SIZE 0.040° WELL DEPTH: 20 Feet
INCORPORATED |GRAVEL PACK:  Pea Gravel CASING STICKUP:  N/A
ELEVATION NORTHING EASTING
Well Completion Sl ; ” E" R § ;\;\ E S:mel(‘, “é:
o = = s 4
g ¢ |WeerlEE| 2R |5E|s £ 2|k LITHOLOGY / DESCRIPTION
E‘é @ Level | 5 © g 5 _% B4 § E <
m O 9 & =0 g E
CONCRETE SLAB
1 . :
SW |[SAND: brown; trace fines; fine to coarse grained; 10-20%
3 gravel; dense; damp; no odor. ]
3
4
9
Dp 146 18 SILT: gray; 20-30% fine sand; trace gravel; hard;
25 hydrocarbon odor.
7
8
g GW |GRAVEL: gray; 5% fines; 20-30% fine to coarse sand:
fine to medium gravel; medium dense; hydrocarbon odor;
sheen; thin peat interbed.
B am—y
Wet | 311 6 o
10
12
13 e
14 -~
1 § — L
3 @15 Feet: no recovery.
Wet NR 3 16 _ )
4 S A R —_—
17
18
i SW |SAND: dark gray; trace fines; fine to coarse grained;
10% gravel; very dense; hydrogen sulfide odor. ]
b1 p— e e e =
—rq 5 e - — ety
' Wet 0 17 - ]
; 21 BOTTOM OF BORING AT 21.5 FEET ]
PR 22 ] i e o e s SR e vl




PROJECT NO: CG29291A CLIENT: Chevron BORING/WELL NO: MW-103

LOGGED BY: E. Larsen LOCATION: Pt. Wells Tarminal PAGE | OF |
DRILLER: Cascade DATE DRILLED: 10/30/01 LOCATION MAP
M DRILLING METHOD: HS HOLE DIAMETER:  8-Inches
SAMPLING METHOD: D&M HOLE DEPTH: 21.5 Feet
ENVIRONMENTAL | CASING TYPE Sch. 40 PVC WELL DIAMETER: 4 Inches SEE FIGURE 2
MANAGEMENT [sLOT S1ZE: 0.020" WELL DEPTH: 19 Feet
INCORPORATED |GRAVEL PACK:  2X12 Sand CASING STICKUP:  N/A
ELEVATION NORTHING EASTING
Well Completion Siatic o - —%0 N § {; ’ﬁ- Sample aéq
= ~ = ~
waer | E 2] 2R |ES|T |p g e LITHOLOGY / DESCRIPTION
Level | 2 © a - = :E & é § :q
[N A~ ~=1N é RS
CONCRETE SLAB
1 - : :
SW  |SAND - FILL: trace fines; fine to coarse grained; 20-30%
) gravel; cobbles; loose; damp; no odor.
. :
=N 4
= 5 @ 5 Feet native sand: gray; 5% fines; fine to coarse
E ! Wet 312 6 grained; 5-10% gravel; medium dense; saturated with
% 10 | product (diesel odor).
E
= - _— -
8 — e
0 SP  |SAND: gray; 5% fines; fine grained; loose; micaceous:
hydrocarbon odor |
” N
Wet 0] 3 ) _ -
4
12
13 -
14 -
6
Wet 0 17
18
18 o S
o GW |[Sandy GRAVEL: dark gray; 5% fines: 20-30% fine 1o
|coarse sand; fine to coarse gravel; very dense; no odar.
20 -
12 N
Wet 0 30 |, e B
24 BOTTOM OF BORING AT 21.5 FEET
S— 22 ‘ e e e g




NEW BORING LOG 1720318BL GPJ HC_CORP GDT 3/24/08

Boring Log & Construction Data for Monitoring Well MW-110

Location: See Figure 1. Drill Equipment: Sonic Drill
Approximate Ground Surface Elevation: 7.96 Feet Hammer Type: Plastic sleeve
Horizontal Datum: Field Located Hole Diameter. 6 inches
Vertical Datum: NA Logged By. C. Rust Reviewed By: G. Both
STANDARD LAB
PENETRATION RESISTANCE
USCS Graphic ) o Depth Well ) TESTS
Class Log Soil Descriptions in Feet Construction Sample a4 Blows per Foot & (PID)
0 e 0 10 20 30 40 50+
Backfill from hand augering. 1§ Flush mount : : : : : ]
L monument L ; : :
] FlConcrete
- i1 I/1Bentonite -
i1
"/’ fchips
L 7 Z L
v 97 o L
Wet, black, silty, gravelly SAND. 8 ; : : 1 e
~
=5 = W -
e 7
1 v .
L v 97 Lo L
ATD A Y - . ) ‘ : : (335) NS
L | [110-20 Silica | : ‘
‘|sand
- iR S
L} PPC-BMW110-10 L] o - | ]
; . X —10 L = - - = ~(B01) HS
“Grades to slightly siity, gravelly SAND. - . . . . A
- =) S O N I R
: SR N N N R
= oo . . . . F(20)NS
M- to 4-inch gravel. i o : : : :
“Grades to slightly gravelly, silty SAND B B i : : : e
i S=h [ =
.A :-.. o . - " -
2 |-ppc-BMwi10-20 TN A P RO iR e | S
“Gravel lens at 22 feet i ey o 2 ; : B e
B F o j ; ; © |Feonns
“Dropped drilling stem at 25 feet. 25 s B i
- - : : : - | Feo NS
ML [[[][ Wet, gray, slightly sandy SILT. i ppo-emwito2rs I L i : i
™2- to 4-inch gravel. B B
Bottom of Boring at 30.0 Feet. =0 T
Started 12/12/07. L 0 . 3 . 45 . A . o . st
Completed 12/13/07. ® Walter Conlent in Percent
SS = Slight Sheen, MS = Moderate Sheen,
HS = Heavy Sheen, NS = No Sheen Iy |
AN
1. Refer to Figure B-1 for explanation of descriptions and symbols. -
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual. ’MRTmowsm
3, USCS designations are based on visual manual classification (ASTM D 2488) unless olherwise
supported by laboratory tesling (ASTM D 2487). 17203-16 12/07
4. VGVirllet?nt:\;ater level, if indicated, is at time of drilling (ATD) or for dale specified. Level may vary Figure B-3

5. Water Content was not determined by Hart Crowser.



Boring Log & Construction Data for Monitoring Well MW-119

Location; Se

e Figure 2.

Approximate Ground Surface Elevalion: Feet
Horizontal Datum: Field located
Vertical Datum: NA

NEW BORING LOG 1720320BL.GPJ HC_CORP.GDT 7/8/08

USCS Graphic . . Depth
Class Log Soil Descriptions in Feet
GW P (Loose), moist to wet, gray-brown, slightly 0
silty, sandy GRAVEL with cobbles,
petroleum-like odor, and free phase product.
| Medium dense, wel, gray, gravelly SAND. |
Poor recovery due to rock lodged in sampler s V1.
ATD |
| Veryloose, wet, dark gray, slightly siity, |
sandy GRAVEL with petroleum-like odor.
—10
Bottom of Boring at 15.0 Feet. 1
Started 05/28/08. L
Completed 05/28/08.
Ecology Tag BAR 262 B
—20
—25
30

(oM M

Refer to Figure A-1 for explanation of descriptions and symbols.
Soil descriptions and slratum lines are interpretive and actual changes may be gradual.
USCS designations are based on visual manual classification (ASTM D 2488) unless

otherwise supported by laboratery testing (ASTM D 2487).

with time.

om &

Drill Equipment. Holiow stem auger
Hammer Type: 140 ib. Auto hammer with 30" drop

Hole Diameter: 10 inches

Logged By: A. Inglish Reviewed By: A. Goodwin

Well

Construction

EEERNNNNNANNNNN
EEIRNNNNNNNNNNN

S8 = Slight Sheen, NS = No Sheen, MS = Moderate Sheen, HS = Heavy Sheen
Analylical water content tabuialed in Table 2.

Stick-up
monument

Concrete

Bentonite
chips

10-20 Silica

"|sand
"|Screened 2"

PVC

MW-119-S1

Groundwater level, if indicated, is at time of drilling (ATD) or for date specified Level may vary

Sample

STANDARD
PENETRATION RESISTANCE TESTS
4 Blows per Foot & (PID)
0 , 10 20 30 40 50+
L ) : : : - (58) HS
Hsa) HS
F(72.7)
8S.CA
0 20 40 60 80 100+
® Water Content in Percent
.
am
HARTCROWSER
17203-20 5/08
Figure A-89



NEW BORING LOG-ENV 1720320BL.GPJ HC_CORP.GDT 8/8/08

Boring Log B-119A

Location: See Figure 2. Drill Equipment: Hollow stem auger

Approximate Greund Surface Elevation: Feet Sample Type: 140 Ib. Auto hammer with 30" drop

Horizontal Datum: Field located Hoele Diameter: 10 inches

Vertical Datum: NA Logged By: A. Inglish  Reviewed By: A. Goodwin

STANDARD LAB
USCS Graphic 7 . o PENETRATION RESISTANCE TESTS
Class Log Soil Descriptions in Feel Sample a Blows per Foot & (PID)
o . 0 10 20 30 40 50+

Drilled unsampled to 15 feel. Refer to Boring
Log MW-119 for soil classification.

s

Y L

ATD

—10
Medium dense, wet, gray, sightly gravelly, W 3 : : : : :
coarse SAND. B MW-119A-S1 S | & i ; : L

7 T (33 4) NS,
CA

“Grading very gravelly

T
J
o
><]
[+ I B8N
T

F(21)NS
25 7 :
1 ' \
o X} 13 [ . (39 NS
Bottom of Boring at 30.0 Feet. 2 0 200 40 60 B0 100+
Started 05/30/08. ® \Nater Content in Percent
Compleled 05/30/08.
i e
B-119A was originally named MW-119A. 1]
1. Refer to Figure A-1 for explanation of descriptions and symbals.
2. Soil descriplions and stratum lines are interpretive and actual changes may be gradual. MOwsm
3 USCS designations are based on visual manual classification (ASTM D 2488) unless o
otherwise supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is al time of drilling (ATD) or for date specified Level may vary 17203-20 5/08
with time Ei A
5. SS = Slight Sheen. NS = No Sheen, MS = Moderate Sheen, HS = Heavy Sheen igure A-90

6 Analytical water content {abulated in Table 2



Project: King County WTD / Brightwater Conveyance System Log of Borlng P19-02
Project Location: King & Snohomish Counties, Washington
10of 4
Contract Number: E23007E Sheet 10
Date(s) Geotechnical Logged Checked .02
Drille(d 8/18/03 - 8/25/03 Consultant Camp Dresser & McKee Inc. By MJB By VJP 02-03-04
Drilling Methad/Rig Type Wireline/ CME 85 gg‘r']i{f'gdm Cascade Drilling, Inc. Z?gggggltg 107.0 feet
Casi " : . " G d Surface
S'Szﬂ?l%pe PQ (7"0.D.) Hammer Weight/Drop (lbsfin.) 300#/ 30 EI?\;JartlionlDatum 109.0 feet / Metro
Location Pt. Wells Coordinates N 288005 E 1256501 Elevation Source  Survey
SAMPLES I
w
s s |®]8 B s F
pi- el —= 0
8 £ s | 2 5| o MATERIAL DESCRIPTION 2% | 3 E| REMARKS AND
Bw o by _E @ 2|5 8 So [ - [E3 OTHER TESTS
e o2jg §| 3= (8|8l a 251 8|85
oIF_Z o | |6 | D g | 3 |22
T3 sp.| Medium dense lo dense, dark gray to light 7
J sM L brown, dry lo moisl, slighlly silty, gravelly SAND Ll 7
(SP-SM), poorly-graded, fine lo coarse sand, / %
4 |. fine lo coarse gravel, subrounded to subangular, _/
] 10-11- slight odor  (af) / %
im| 1 11 | 100 i % Z
m (22) 2’
L 105 P e " 87 7
- _ 1
o U U
o 4 sp | Dense, dark gray and black, wet, lrace silt to _% ,//
2 ] 10-13- slightly silty SAND (SP), trace gravel, / A
g im| 3 20 67 | poorly-graded, fine to coarse sand, fine lo _/ A
w 11 (33) coarse gravel, subrounded and wood debris % 7’
< ) Qe 7
= Medium stiff, brown, moist PEAT, , Wool
é i PT a0 T(PT), wood
] = s b gt o | debris W 4
" 100 B —_ o g %
; | 4 oo e o _/
= 10‘.‘ (5) oty 2y B / 7z
= fe e i 3 //'/ 7
I T L Bt u —/ /:
= L . fe tle 2h /
2 1= 1-2-3 wi I ¢ Y
4 | B R R et
i _1 JURTR - -
8 e M Y
£ |-95 1= ki - v 4
= -~ 1-3.2 ==
g 15—|H| 6 ) 100 |~ oL | Medium stiff, gray, moist ol wet, slightly sandy, _/ 7z
= | Sy organic SILT {OL), low plasticily, scattered to / A
ot | — -} abundanl organics/woody material, layers of _/ é;
B - SM |-peat. sondysilt, sity sand _(Qw) _ _ __ _ _ T U
Q JH 17-10-7 | Dense, brown, wel, silty to very silly SAND (SM), /:
i m 7 17) trace fine gravel, fine to coarse sand, numerous A
g dm| 8 o404 100 | organics, organic odor  (Qpfnf) | ?’
2 il (38
sl-90 . B i
o
o J4 1 0 RN ] 7
2 20 J ] GP | Verydense, dark gray, wel, very sandy GRAVEL ? ?
by H Sev | (GP), trace silt, poorly-graded fine 1o coarse 77
i Lo, sand, fine lo coarse gravel, angular 1o / 1
< 15l o 756" |, .3 | subrounded (Qpfnf) -%
5 | (100+) Iy A7
: il |
Eres S :
g 25 ;{; < T I e é lﬁ:
=
ﬁ Groundwater Observation Data: Remarks:Negative Groundwater Data indicates measuremenis above Ground Surface
o
E Recovery values > 100 indicate sample expansion during sampling.
[=4
S| ow (FT BGS): 114 (Low) 3.5 (High)
Z| VWP 1 (FTBGS): 7.7 (Low) -4.9 (High)
2
o)
>
D
it

—CDM




Contract Number: E23007E

Project: King County WTD / Brightwater Conveyance System
Project Location: King & Snohomish Counties, Washington

Log of Boring P19-02
Sheet 2 of 4

—75

SAMPLES

(]

Elevation,

feet
Number
Blows /6 in
(N)
Recovery, %

n» Depth,
Type

@ feet

Graphic Log
Uscs

MATERIAL DESCRIPTION

REMARKS AND
OTHER TESTS

Schemalic

Lab Tests
Pocket
Penetromeler (1sf)

L

50/8"
(100+)

70
1 (1004)

100/4"

2.1 (1004)

100/3"

13 | (100%)

100/

—60

100/6"
{100+)

-55

100/5"

Tml 16 (1003)

60

Ver.1.1 Jan028RIGHTWATER-BRIGHTWATER,GLB-BRIGHTWATER.GDT} O:\GINT\PROJECTSH9897-:.BRIGHTWATER.GPJ 5/28/05

ReWN

—-50

60—

=
=

GP

T g
1‘..“!\: -.‘v‘-‘"
[ ) .l‘. ...,'

[}

!

LY

"'.-\"'.o\‘ L
LAV A LFA

DS

LPL WL WL WL WL WAL WL W VLI WL WAL WAL I WAL IPL WAL WRLIPL WS, WAL WL, WL, S

l.e I.\
‘l'

O B NG
RS
DAL EPALT EPA

»
‘-

10,800, Ry,

L
LA

-
O

Q%N

()

e
['Y

0
W
LA

4.‘

u ¥ g
-'.".\'.".\:"': st
g e, R0, 000,

-

T
" !;.‘

LA

GM

Very dense, gray green, moist, slightly gravelly,
sandy SILT (ML), fine to coarse sand, fine
gravel, subrounded to subangular,
homogeneous (Qpfnl)

Very dense, gray, wet, sandy GRAVEL lo
gravelly SAND (GP-SP) (Qpfnf)

Hard, dark brown, moist, gravelly SILT (ML),
laminated, numerous organics  (Qpfnl)

| Very dense, dark gray, wet, silly lo very silty,
sandy GRAVEL (GM), fine lo coarse sand, fine
to coarse gravel, subrounded, occasional
organics (Qpfnf)

ML |

\\ Piezometer

Soil description inferred
from drill action and cutlings

L

Gravelly dritling, sand in
cuttings

] 1 1

_O,O,O,O,O,O,O,O,O::ge

AN O

Gravelly drilling (4-inch
gravels/cobbles), sand in
cutlings

BANNN

Coarse gravel in sampling
shoe

Most fines washed from
sample

QU




Project: King Coun i :
] King County WTD / Brightwater Conveyance System Log of Borlng P19-02
Project Location: King & Snohomish Counties, Washington
Contract Number: E23007E Sheet 3 of 4
SAMPLES G
5 £ 2|8 B s
4 - = - = o =
T O S N MATERIAL DESCRIPTION 25 | 3| E| REMARKSAND
38 §B|le 2| 2 g | 68|83 sE |~ |85| OTHERTESTS
E = (&) N = ©
we aollo 5 o~ Q © ) o= Lo |Sce
> == © L] = 0 © o @
60 - Z nE || O] 2 Lw | 4 jdaa
17 (110006’?) 40 ] Coarse gravel/cobble in
i i shoe, 14 fi of heave, hole
cave overnight 65 lo 51 ft,
—45 4 | caseto 53 f
B ™ Dense, green gray, wei, sandy, GRAVEL (GW), ~ -~~~ Gravelly drilling, sand in
A well-graded, fine to coarse sand, subangular 1o PR cullings
subrounded fine to coarse gravel, with cobbles, %
J possible boulders  (Qpfnf) I
” ~ v N
1 1 : 2 : Wood in cuttings
L. N 1 ’
: 40 g%
I 70— NN
* NN
g FRPRY 4-inch cobbles. clean SW in
3 4 ] cutlings, wood fragmenls
w 2NN
,_
< N d-> .
% P NN
g —'35 N ’ ~ ’ N
© 75 P
2 S Cobbles, medium sand,
o J € cultings - cobble/boulder
5 PR
§ 1 Je™ ™
g SN N
UBJ 1 i Layer of fine to coarse sand, well-graded IEAFS 12 feel of heave to 66 ft
w ~ ~
fgL —30 by 7 ’;
=z 80 TR
& _
< AN Y
e | o
P
2} #N N
o 1 PR High tide, mud mix thinning
g J i RN
% 25 4 17 N s
E % s
5? 85— PR
(U] ~ ~
\ / s
E i ) N A
e 7
§ 1 | Grades green gray, fine lo coarse sand, gravel 2N
Q 4 | with cobbles N gty
5 NN
g —20 ] Tro™ 0
<< N N
2 90— —s
g FON N
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APPENDIX E
SECONDARY ACCESS ROAD ALIGNMENT ALTERNATIVES

Excerpts from DEA (2016) showing proposed grading and structures are provided herein for reference.
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1.0 BACKGROUND / INTRODUCTION

1.1 Project Description

King County has prepared a Draft Environmental Impact Statement (Draft EIS) and Final
Environmental Impact Statement (Final EIS) on the Brightwater Regional Wastewater Treatment
System. The Final EIS is intended to provide decision-makers, regulatory agencies and the
public with information regarding the probable significant adverse impacts of the Brightwater
proposal and identify alternatives and reasonable mitigation measures.

King County Executive Ron Sims has identified a preferred alternative, which is outlined in the
Final EIS. This preferred alternative is for public information only, and is not intended in any
way to prejudge the County's final decision, which will be made following the issuance of the
Final EIS with accompanying technical appendices, comments on the Draft EIS and responses
from King County, and additional supporting information. After issuance of the Final EIS, the
King County Executive will select final locations for a treatment plant, marine outfall and
associated conveyances.

The County Executive authorized the preparation of a set of Technical Reports, in support of the
Final EIS. These reports represent a substantial volume of additional investigation on the
identified Brightwater alternatives, as appropriate, to identify probable significant adverse
environmental impacts as required by the State Environmental Policy Act (SEPA). The
collection of pertinent information and evaluation of impacts and mitigation measures on the
Brightwater proposal is an ongoing process. The Final EIS incorporates this updated information
and additional analysis of the probable significant adverse environmental impacts of the
Brightwater alternatives, along with identification of reasonable mitigation measures. Additional
evaluation will continue as part of meeting federal, state and local permitting requirements.

Thus, the readers of this Technical Report should take into account the preliminary nature of the
data contained herein, as well as the fact that new information relating to Brightwater may
become available as the permit process gets underway. It is released at this time as part of King
County's commitment to share information with the public as it is being developed.

1.2 Objective

Geophysical surveys were performed by Williamson & Associates, Inc., a subcontractor for
CDM under King County Contract No. E23007E, Geotechnical Services for the Brightwater
Conveyance System. CDM’s role related to the Brightwater outfall is to support pre-design
activities related to the preferred alternative outfall location (Zone 7S near Point Wells). These
surveys were intended to supplement the prior studies (King County, 2001 and King County
2002a) with additional site specific data on bathymetry, bottom conditions, and sediments.

Geotechnical Services 1 August 2003
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The geophysical surveys were performed in two separate phases: 1) an AMS-120 Geophysical
Survey to obtain data over a broad area of potential outfall alignments and 2) a Sub-Bottom
Profile Geophysical Survey to obtain more detailed sub-bottom and shallow seismic profiles
along a specific target alignment identified based on the first survey results.

Specific objectives of the AMS-120 geophysical surveys were to:
m Characterize the lateral and vertical extent of the surficial sediment and subsurface geology.

m Identify possible surficial and subsurface geohazards or geologic conditions that might
impact the construction or operation of the outfall and diffuser.

m Identify an outfall corridor and diffuser locations for further investigation.

The second, high-resolution survey augmented the bathymetric and sub-bottom information
collected earlier with the AMS 120 sonar mapping system. This second survey was conducted to
provide greater detail related to geology and slope morphology in an area of the survey region
identified as a potential outfall pipe route.

1.3 Datum

1.3.1 Horizontal Datum

The project geodetic datum is the North American Datum of 1983, adjusted for HPGN in 1991
(NAD83/91). All coordinates are based on the Washington North Zone of the State Plane
Coordinate System (SPCS83) and are in U.S. Survey Feet.

1.3.2 Vertical Datum

The project vertical datum is METRO Datum and all elevations are in feet. METRO Datum =
North American Vertical Datum of 1988 (NAVD8S) + 96.28 feet.

The bathymetric vertical datum is Mean Lower Low Water (MLLW) and all water depths are in
feet. MLLW =NAVDS88 + 2.29 feet. MLLW = Metro Datum - 93.99 feet.

Geotechnical Services 2 August 2003
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2.0 EQUIPMENT AND METHODS

2.1 AMS-120 Geophysical Survey

The AMS-120 Geophysical Survey phase commenced on February 24, 2003 with the
mobilization of the equipment on the vessel Point Lavinia, a 90-foot converted crew boat.

The AMS-120 is a deep seafloor mapping system capable of generating co-registered sonar
imagery and interferometric bathymetry across a swath of up to 3,300 feet. The AMS-120 isa
general purpose system with an emphasis on high resolution imagery. The bathymetric mapping
capability allows cost-effective seafloor bathymetry maps to be made at 2 foot or better contour
intervals.

The following equipment was mobilized:

B AMS-120 swath bathymetric sidescan sonar with integrated 4.5 kHz Sub-Bottom Profiler
(SBP)

m [SIS Sonar Image Processing System

m SOSI oceanographic winch with 6500 feet of 0.45 inch oceanographic coax cable

m Trimble AgGPS Receiver with USCG differential signal input for horizontal positioning
m Coastal Oceanographics’ HYPACK MAX trackline control and data logging software
m Knudsen 320M 28 and 200kHz depth sounder for "look ahead" towfish safety

m Trackpoint IT ultrashort baseline (USBL) system for towfish positioning

m Overside pole for mounting Trackpoint transceiver and Knudsen transducer

m 2000-pound depressor and 24 inch sheave for AMS towing system.

m 60kW Deck Generator

m SeaBird 911 CTD Sound Velocity Profiler

m Pilothouse monitor for the helmsman

The area surveyed was a rectangle extending from a depth of 50 feet, 7,500 feet seaward from
Point Wells at Richmond Beach and extending along the shore for 7,000 feet. This is the Zone
7S area from previous surveys. The survey was performed along 15 primary tracklines spaced
400 feet apart and several supplementary and ties lines as shown on Figure 1, AMS-120 Survey
Tracklines.

Geotechnical Services 3 August 2003
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Data was acquired simultaneously with the echosounder, sidescan sonar, and subbottom systems
along each trackline to measure water depths and to obtain information on the seabed features
and stratigraphy beneath the seabed. The sidescan data is also used to identify possible
obstructions along the route. Pseudo range corrections were obtained from USCG beacon
stations. The system provided real-time helmsman steering information, logged all position data,
and also allowed generation of pre- and post-plot trackline displays for review of survey plan,
data coverage and for field plotting of data.

Vessel control and positioning provided navigation and horizontal position accuracy to better
than 3 feet. The navigation system was configured to operate at a 1-second data rate to yield an
extremely high-density data set.

Calibration of all systems was conducted at the beginning of the survey. Frequent comparison of
the single beam echosounder and the first return of the sidescan were made and data from tie
lines were cross-checked during post processing to assure accuracy in data acquisition.

It was intended to use the Geopulse Boomer to get additional lower frequency subbottom data

but equipment problems and necessity to stay in deeper water to protect the overside pole (which
extended 6 feet below the keel) prevented its optimum use. A decision was made to perform the
additional sub-bottom survey at a later date when specific outfall alignments had been identified.

2.2 Sub-Bottom Profile Geophysical Survey

Data collection for this portion of the project commenced April 21, 2003 with mobilization of all
geophysical survey equipment aboard a privately-owned, 25-foot, jet-powered, survey and
fishing charter.

The survey system deployed in this second phase consisted of a high-resolution echo sounder, a
3.5 kHz sub-bottom profiler system, a shallow seismic profiler system, and an integrated
navigation and positioning system. The specific systems used were:

m GeoAcoustics GeoPulse Shallow Seismic Profiling System

m Datasonics 3.5kHz Sub-Bottom Profiler System

m Triton-Elics ISIS Sonar Data Acquisition System

s Odom 34kHz Echo Sounder System

m Trimble Ag132 DGPS System for horizontal positioning

® Hypack Max Integrated Navigation System for logging navigation data
s EPC 1086 Thermal Graphic Recorder

m SeaBird 911 CTD Sound Velocity Profiler

Geotechnical Services 4 August 2003
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The high-resolution survey consisted of a centerline that was axially co-incident to the target
pipeline alignment, 2 parallel “wing” lines to the north and 2 parallel wing lines to the south of
this line, as shown on Figure 5, Sub-Bottom Survey Tracklines. The line spacing between each
of these lines was 50 feet. In order to provide redundant coverage and to remove any echo
sounder bias, the centerline was run twice, once in each direction. So as to highlight the regional
geology, two additional lines were run: one approximately1,800 feet further to the north of the
centerline, roughly parallel to Line 3 of AMS-120 survey and one approximately 800 feet south
of the centerline, roughly parallel to Line 9 of the AMS-120 survey. Additionally, seven ‘tie’
lines were run, two in deep water, one at the slope toe, two mid-slope, one at the slope break and
one in shallow water.

The transducers for both the 3.5 kHz and the echo sounder were deployed off the port side of the
vessel nearest the transom, with the echo sounder being mounted on a separate pole
approximately 2 feet forward of the 3.5 kHz transducer. The GeoPulse transducer was deployed
to starboard and in line with the Datasonics transducer. The receiver array was towed inline to
the transducer with the array center approximately 16 feet aft. The draft to the faces of all three
transducers was approximately 2 feet. The DGPS antenna was located atop the pole where the
Datasonics transducer was mounted. Given the close proximity of all the geophysical elements,
no offsets other than transducer depths were applied.

The Trimble Ag132 provided pseudo-range corrected positions using the differential correction
service operated by the USCG; with differential GPS lock being maintained throughout all
survey operations. All navigation data were logged to the Hypack integrated navigation system.

The Hypack Max system was set up to output navigation data to the ISIS sonar data acquisition
system, permitting the logging of navigation data into the ISIS sonar record. Both the
Datasonics 3.5 kHz system and the GeoPulse shallow seismic system were integrated into the
ISIS data acquisition system; with the data from each system being a separate sub-
bottom/seismic channel in a single Triton-Elics (XTF) file.

The Odom echo sounder was installed with the 34 kHz transducer option and integrated into the
Hypack navigation system. The auto ping rate was selected.

Geotechnical Services 3 August 2003
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3.0 RESULTS

3.1 AMS-120 Geophysical Survey

Data collected during this geophysical survey are presented as Figure 2, AM-120 Survey
Bathymetry, Figure 3, AMS-120 Survey 3-D Bathymetric Perspective, and Figure 4, AMS-120
Survey Sidescan Mosaic. The regional setting and man-made considerations are described in the
Brightwater background documentation (King County 2001, 2002a, 2002b, and 2002c).

3.1.1 Positioning and Tracklines

All survey tracklines, described previously, are shown on Figure 1. Position data was reduced
and checked for accuracy confirming the planned horizontal position accuracy of 3 feet or better.

3.1.2 Bathymetry

Bathymetric data obtained with the deep-towed AMS-120 interferometric swath bathymetry
system provides higher resolution and more detail in deeper water than narrow-beam surface
transducers. After adjustment for tidal and position, the bathymetric data at a water depth of 50
feet or more is estimated to have an absolute accuracy of better than 3 feet and a repeatability of
about 1 foot. Bathymetric contours of the bottom are shown as depth in feet below Mean Lower
Low Water (MLLW) on Figure 2.

A three-dimensional perspective view of the bottom surface is shown on Figure 3. The gaps in
the data collected, appearing as faint geometric shapes in Figure 3, are visible in the northeast
and southeast corners of the study area.

The bathymetry indicates a relatively narrow, shallow near-shore region with a slope break
occurring at about 90-110 feet water depth. North of Line 8, the slope is steep and unbroken to
the 660 feet contour where beyond the slope base the bathymetry becomes relatively flat. In
contrast, in the region of Lines 9, 10, 11 and 12, the slope becomes much more complex with a
second break occurring mid-slope and an approximately 600-foot wide, 30-foot deep trench
occurring at the slope base.

In addition, three natural ravines occur. The first, a small ravine south of line 5, the second,
much more pronounced ravine occurring approximately coincident to Line 11 and a third ravine
occurring north of Line 13. The origin of the ravines and of the complex slope morphology is
uncertain from the bathymetric data and may warrant further geophysical investigation if the
final alignment should encounter these features.

3.1.3 Sidescan

A mosaic of all the sidescan swaths is presented on Figure 4. The higher resolution original
records were reviewed to identify slope and bottom features. The sidescan imagery show the
steep gradient relatively near shore incised with ravines, a deeper channel at the base of the slope
and a relatively flat, featureless deeper floor at depths of 600-700 feet.
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Several sidescan targets are noted and are listed in Table 1. Causal inspection of Target 1
suggests that it has the outline of a wreck but closer inspection indicates that this feature is more
likely geologic in origin. Targets 2, 3 and 4 are all relatively large features, with hard returns,
but show little evidence that they stand proud of the seafloor. Target 5, seen on three separate
images, is a hard return that stands well proud of the sea floor; the feature is approximately 35
feet long, relatively thin (about 3 feet) and casts a significant shadow. Preliminary interpretation
is that this feature is metal debris, possibly a hatch cover or trawl door that has fallen overboard
and knifed into the sediments. Preliminary examination revealed no cables.

Table 1: Sidescan Sonar Target List

Target Line Location Size Evaluation
Number Northing Easting
1 BWO01 290,606 1,253,754 60’ x 19 Geology
2 BWO01 290,515 1,253,415 20°x 3’ Debris
3 BW09 287,134 1,252,752 322 x4 Debris
4 BW14 284,508 1,252,457 14> x 3’ Debris
BWI135a 35° x 3° Debris, hard
5 BW15 283,582 1,251,658 Est. height 6 return, casts a
Cal2 shadow

3.1.4 Sub-Bottom Survey

As is to be expected, the sub bottom record is limited by the relatively low acoustic penetration
of 4.5 kHz system in the sediment types occurring in the region. However, the system is not
without merit, as the 4.5 kHz record clearly reveals a relatively thin layer of younger,
presumably re-worked material mantling much of the topography. South of Line 9, the sub
bottom record hints at further geologic complexity occurring at the toe of the slope. Copies of all
the subbottom records were provided to CDM for further interpretation and evaluation.

3.2 Sub-Bottom Profile Geophysical Survey

3.2.1 Positioning and Tracklines

All survey tracklines, described previously, are shown on Figure 5. The navigation data were
high quality differential GPS, accurate to within 3 feet and required very little post-processing to
produce survey track lines. The boat handling also proved to be quite good, resulting in
relatively little cross-track error from the intended survey line. Event marks were recorded every
200 feet along track and are plotted on the track line map, the water depth profiles were recorded
in the ISIS file and are displayed on the analog sub-bottom and seismic records.
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3.2.2 Bathymetry

Echo sounder data was collected with the Odom set to its auto ranging mode. In auto mode, the
Odom worked unattended to approximately 450 feet water depth; however, below this depth the
system required occasional transmit power and receive gain adjustments to maintain bottom
track. In general, the bathymetric data are of very high quality.

The echo sounder data were edited using the Single Beam Editor Utility in the Hypack Max
system and depth corrected using 1,488m/s for the speed of sound in water as calculated from a
CTD profile. Editing amounted to de-spiking the raw data and clipping out the areas where
bottom track was lost for more than a few successive pings. The edited bathymetric data were
tide corrected in Hypack Max using the verified NOAA tide-curve as referenced to the Seattle
(9447130) tide-station and zonally corrected to Edmonds, Washington.

Where survey lines intersect, the tide-corrected bathymetry agrees to better than a foot. It is
further noteworthy, that in water depths greater than about 70 feet, the bathymetry inferred from
the 6 lines (2 centerlines and 4 wing lines) which run the length of the preferred route tied to the
bathymetry derived from the February 2003 AMS-120 survey within about one foot.

3.2.3 Sub-Bottom Survey

The Datasonics 3.5 kHz and the GeoPulse profiler systems were operated concurrently and timed
via a single trigger pulse initiated by the EPC 1086 recorder. The data from both systems were
digitally logged as independent sub-bottom channels to the ISIS sonar data acquisition system
while, the navigation string provided by Hypack was logged to the header of each ping. The
ping rate of 450 ps was selected to maximize the data coverage across the widely varying water
depth. An 8 bit, 4 Kb sample was taken for each channel and for each ping.

As is expected, the 3.5 kHz Datasonics system produced a record similar to the AMS 120°s 4.5
kHz sub-bottom profiler; and as with the 4.5 kHz, the acoustic penetration of the 3.5 kHz, was
typically 10-15 feet and occasionally as much as 30-40 feet. On both 4.5 kHz and the 3.5 kHz
records, indications of bedding were typically indistinct so that relationships between geologic
units were most often indeterminate.

The GeoPulse system, with a center frequency of ~700 Hz, was selected as an acoustic source
because it is capable of greater acoustic penetration than the 3.5 kHz while providing better
resolution than a bubble pulser. On the slope and in shallow water, the acoustic penetration of
this system was typically 80 feet or more and often in excess of 150 feet. In the deep-water flats,
the acoustic resolution was much less, likely due to thick, weakly layered homogeneous
sediments. The GeoPulse record, in general, was good at revealing bedding and highlighting the
stratigraphic relationships between geologic units. The GeoPulse system proved particularly
useful at delineating the thickness of the postglacial sediment drape.
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Synthesizing the available geophysical data from the GeoPulse, the 3.5 kHz and from the AMS-
120 survey and summarizing this information, six informal geologic units and a regional
unconformity are recognized as shown on Figure 6, Sub-Bottom Centerline Profile:

Upper Stratified Unit — This unit is horizontally stratified to slightly westward dipping and
occurs from approximately 35 feet to 330 feet water depths. The base of the unit is sub-
horizontal with perhaps 15 feet of topography.

Unstratified Unit - This unit is massively bedded, approximately 100 feet to 165 feet thick.
The basal contact of the unit dips eastward and cuts the lower stratified unit. The unit is
probably a glacial till.

Lower Stratified Unit - This unit is horizontally stratified with the base of the unit at 575
feet water depth. Compared to the upper stratified unit, acoustic penetration is relatively
low. Some evidence for (active?) soft-sediment deformation and down-slope sediment
transport, particularly near the basal contact of the unit.

Acoustically Opaque Sediments — This unit has very low acoustic penetration on either the
4.5 kHz, 3.5 kHz or GeoPulse records. The basal contact was not observed but the unit is
interpreted to be well indurated glacial till at greater than 575 foot water depth beneath the
slope.

Regional Unconformity - This feature is a glacial erosional surface that cuts the Upper
Stratified, Unstratified, Lower Stratified units, and Acoustically Opaque Sediments.

Deepwater Sediments — These weakly layered, horizontal bedded, homogeneous sediments
occur stratigraphically above the regional unconformity. Low acoustic penetration was
achieved on the 4.5 kHz, 3.5 kHz or GeoPulse records. The unit is most likely post-glacial
infill of the Puget Sound.

Post-Glacial Sediment Drape — This is the surficial unit in the survey area that mantles the
postglacial topography. On the slope, the unit is variable in thickness from less than about
5 feet to occasionally more than 20 feet, tending to be thickest nearest shore and at the slope
toe. In deepwater, the unit grades into a thick, weakly layered homogenous sediment.
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4.0 SUMMARY

The AMS-120 and Sub-Bottom geophysical surveys, conducted in the vicinity of the proposed
outfall pipe alignment, were successful in identifying the subsurface bathymetric and geologic
conditions. Key information gained from the surveys included:

m Sidescan Targets — Generally the bottom is free of ship wrecks or other man-made features.
Five targets were evaluated with the sidescan sonar. Of the five, one appeared to be
geologic in nature, three were evaluated to be flat-lying debris, and one was evaluated to be
debris standing about 6 feet above the sediment surface.

e Bathymetry - The bathymetry indicates a relatively narrow, shallow near-shore region with
a steeper slope break occurring at about 90-110 feet water depth. In the northern portion of
the survey area the steeper slope is unbroken to about the 660 feet contour becoming
relatively flat further to the west. In the southern portion of the survey area the slope
becomes much more complex with a second break occurring mid-slope. An approximately
30 feet deep trench occurs at the base of the slope. An area near Tracklines 7 and 8 has the
flattest slope (about 15 degrees), a more uniform slope, a less abrupt transition at the base of
the slope, and no significant, unusual bathymetric or sub-bottom features that are evident.
This is the area selected for further study. Other locations have a more irregular slope; the
slopes are much steeper towards their toe (on the order of 26 — 35 degrees in some areas).

m Ravines — Three natural ravines occur within the survey area. The origins of the ravines and
of the slope break are uncertain from the bathymetric data. The ravines have irregular
features and are considered to have a potential for continuing down slope movement of the
post-glacial sediment.

m Sub-Bottom Profile — The sub-bottom profile encountered a veneer of more recent
sediments (Holocene drape) over topography of denser, stratified and unstratified sediments
probably of glacial origin. The sediment drape is variable in thickness from less than about
5 feet to occasionally more than 20 feet, but tending to be thickest nearest shore and at the
slope toe and beyond. The sub-bottom data implies potential movement of these surficial
soils on the slope.

Using the bathymetry, side-scan sonar and sub-bottom profile data, the CDM Team examined
alternate alignment configurations and recommended an outfall alignment for further study
centered in the area where the second phase Sub-Bottom Survey was performed. This alignment
crosses the seabed with the least gradient and the least irregular centerline profile as compared to
other potential alternatives. The recommended alignment avoids the three ravines disclosed in
the bathymetric and sidescan sonar data, and none of the identified sidescan targets surveys are
near the alignment. The recommended route alignment also revealed the minimum thickness of
potentially weaker Holocene drape (the surficial veneer of more recent sediments), which would
lessen the risk for earthquake-induced liquefaction or slope failure. The side-scan sonar data
also confirmed that the recommended route alignment avoids slope areas that may have
experienced deeper slope failures in the geologic past.
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