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Dear Ms. Fodge:

As requested, Associated Earth Sciences, Inc. (AESI) has completed a plan review of the grading plan for
the Rose Hill Subdivision. The plans sheets are dated April 28, 2016 and numbered as follows:

e Plans sheets C6.0t0 C6.3
e SheetsC7.0to0 C7.7

Upon completion of our review it is our opinion that the plans are in general accordance with the
recommendations of the geotechnical report.

We hope this information meets you present requirements. Please contact the undersigned at (425)
827-7701 should you have any questions.

Sincerely,
ASSOCIATED EARTH SCIENCES, INC.
Kirkland, Washington

Matthew A. Miller, PE
Principal Engineer
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BMC Rose Hill, LLC

Ridgewood Corporate Center, Building F
150 120t Avenue NE, Suite 200
Bellevue, Washington 98005

Attention: Ms. Brenda Fodge

Subject: Preliminary Subsurface Exploration, Geologic Hazards, ~
and Geotechnical Engineering Report
Rose Hill Property
Redmond, Washingion

Dear Ms. Fodge:
We are pleased to present your copy of the referenced report. This report summarizes the

results of our subsurface exploration, geologic hazard, and geotechnical engineering studies
and offers preliminary recommendations for the design and development of the proposed

“project. Recommendations presented in this report are considered preliminary in that plans

have not yet been finalized.

We have enjoyed working with you on this study and are confident that the recommendations
presented in this report will aid in the successful completion of your project. i you should
have any questions or if we can be of additional help to you, please do not hesitate to call.

Sincerely,
ASS_OC_IATED EARTH SC!E_NCES, INC.
Everett, Washington

Matthew Miller, P.E
Principal Engineering
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. PROJECT AND SITE CONDITIONS

1.0 INTRODUCTION

This report presents the results of our subsurface exploration, geologic hazards, and
geotechnical engineering study for the proposed new residential development at the
above-referenced property located on the east side of 138" Avenue NE near the intersection
with NE 97*" Street in Redmond, Washington (Figure 1). The proposed development is located
within the southwestern portion of King County Parcel No. 0352059103 (northern parcel) and
the western two-thirds of Parcel No. 0352059071 (southern parcel). The existing site
topography, provided by KPFF Consulting Engineers (KPFF), and approximate locations of the
explorations accomplished for this study, are presented on the “Site and Exploration Plan,”
Figure 2. This plan also includes proposed road and lot layout, and the location of the planned
recreation and storm water tracts. In the event that any changes in the nature, design, or
locations of the proposed improvements are planned, the conclusions and recommendations
contained in this report should be reviewed and maodified, or verified, as necessary.

1.1 Purpose and Scope

The purpose of this study was to provide subsurface data and preliminary geotechnical
engineéring recommendations to be utilized in the design of the project. As noted above, our
recommendations are considered preliminary in that plans for the proposed development have
not yet been finalized. Our current study included a review of the “Rose Hill Subdivision Site
Plan” {Sheet C-1.0} by KPFF dated January 25, 2016, available geologic literature, excavating
10 exploration pits, and performing geologic studies to assess the type, thickness, distribution,
and physical properties of the subsurface sediments and shallow ground water. Geotechnical
engineering studies were completed to formulate our preliminary recommendations for site
preparation, excavation, and structural fill placement, shallow foundation support, floor
support, drainage considerations, and storm drainage facility (concrete vault) considerations.
This report summarizes our current fieldwork and offers preliminary development
recommendations based on our present understanding of the project. We recommend that
we be allowed to review the final project plans prior to construction to verify that our
geotechnical recommendations have been correctly interpreted and incorporated into the
design. :

1.2 Authorization

This report has been prepared for the exclusive use of BMC Rose Hill, LLC and their agents for
specific application to this project. Within the limitations of scope, schedule, and budget, our
services have been performed in accordance with generally accepted geotechnical engineering
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and engineering geology practices in effect in this area at the time our report was prepared.
No other warranty, express or implied, is made.

2.0 PROJECT AND SITE DESCRIPTION

This report was completed with an understanding of the project based on the
above-referenced site development plan provided to us by KPFF on January 27, 2016. The
preliminary plan for development depicts 28 new home sites with one recreation tract (Tract A}
along the north side of the proposed development and one recreation and storm water tract
(Tract B) located along the eastern side of the property. Grade separation between the
individual lots will be provided by segmental block retaining walls anticipated to range up to
approximately 4 feet. A segmental block retaining wall is also planned along the eastern {down
slope) side of Tract B. Tract B will contain a concrete storm water detention vault that will
outlet via a 40-foot-wide access and utility easement extending northeast from the
northeastern corner of the development to an existing storm drainage in the NE 100" Street
easement. Access to the new residential development will be via two new roads extending
east from 138" Avenue NE,

The total area of the two parcels is approximately 12 acres. The parcels are currently
undeveloped and forested. The area of the proposed development will encompass
approximately 5 acres.

The overall topography across the two parcels generally slopes down toward the east. A large
drainage is present within the majority of the northern parcel generally north of the proposed
development. The existing site topography consists of a topographic high of approximately
265 feet along the east side of 138" Avenue SE and a topographic low of generally 140 feet
along the eastern property line downslope directly to the east of the area of the proposed
development. The east-facing slope continues east off the properties to an existing
development located along the west side of Willows Road NE. The topographically lowest
portion of the limits of the proposed development ranges from approximately 195 to 205 feet
along the eastern side of Tract B. Slope gradients in the area of the proposed development
ranges from approximately 10 to 15 percent. Slope gradients immediately adjacent to the
proposed development to the east and north range from approximately 27 percent to
37 percent. There are scattered areas with slope gradients exceeding 40 percent that are
greater than 10 feet in height north and east of the limits of the proposed development shown
as shaded areas on the site plan developed by KPFF.
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3.0 SUBSURFACE EXPLORATION

Our field study included completing 10 exploration pits with a tracked excavator to gain
shallow subsurface information about the site.

The various types of sediments, as well as the depths where characteristics of the sediments
changed, are indicated on the exploration logs presented in the Appendix. The depths
indicated on the logs where conditions changed may represent gradational variations between
sediment types. If changes occurred between sample intervals in our explorations, they were
interpreted. The exploration locations are noted on the “Site and Exploration Plan,” Figure 2,
attached with this report.

The conclusions and recommendations presented in this report are based on the explorations
completed for this study. The number, locations, and depths of the explorations were
completed within site and budget constraints. Because of the nature of exploratory work
below ground, extrapolation of subsurface conditions between field explorations is necessary.
It should be noted that differing subsurface conditions may sometimes be present due to the
random nature of deposition and the alteration of topography by past grading and/or filling.
The nature and extent of any variations between the field explorations may not become fully
evident until construction. If variations are observed at that time, it may be necessary to
re-evaluate specific recommendations in this report and make appropriate changes.

3.1 Exploration Pits

Ten exploration pits were excavated using a track-mounted excavator at the site on July 17,
2015. The approximate locations of the pits are shown on the “Site and Exploration Plan,”
Figure 2, The pits permitted direct, visual observation of subsurface conditions. Materials
encountered in the exploration pits were studied and classified in the field by an engineering
geologist from our firm. All exploration pits were backfilled immediately after examination and
logging. Exploration pit backfill was tamped with the excavator bucket, but was otherwise
uncompacted. Where exploration pits are present under areas that will be prepared for future
structures, the backfill should be removed and replaced as structural fill prior to construction.
Selected samples were then transported to our laboratory for further visual classification and
laboratory testing.

4.0 SUBSURFACE CONDITIONS

Subsurface conditions at the project site were inferred from the field explorations, visual
reconnaissance of the site, and review of published geologic literature for the vicinity of the
property. As shown on the field logs, the exploration pits encountered two main native soil
types. The majority of the explorations encountered dense, grading to very dense sand with
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variable amounts of silt and gravel interpreted as lodgement till. These sediments were
weathered at shallow depths and became progressively less weathered and more dense with
increasing depth below the ground surface. These sediments are overlain across the site by
topsoil. These sediment types are discussed in greater detail below from shallowest {(youngest)
to deepest {oldest),

4.1 Topsoil

A very loose, organic-rich layer of silt, sand, and gravel mimicking the underlying soils was
encountered in each of our exploration pits. The thickness of the topsoil layer ranged from
approximately 6 to 12 inches. Topsoil is not suitable to support structural loads or for use as
structural fill and should be completely removed during construction.

4.2 Vashon Lodgement Till

Vashon lodgement till sediments were observed in all the exploration pits underlying the
topsoil described above. Vashon lodgement till typically consists of a dense, poorly sorted
mixture of clay, silt, sand, and gravel. The lodgement till encountered in our exploration pits at
depth commonly consists of dense to very dense, moist, olive to gray, silty fine- to
medium-grained sand with variable gravel content and occasional cobbles and boulders.
Typically, the lodgement till has a very low permeability, and water tends to perch atop the till
and flow laterally as interflow, although some water very slowly infiltrates down into the
underlying sediments. The moisture content of the lodgement till throughout much of the
year is a few percent over the optimum moisture content for maximum compaction. The
medium dense to very dense lodgement till is suitable for support of building foundations,
walls, and other settlement-sensitive structures; however, they will deteriorate rapidly if
disturbed while in a wet condition. The upper 2 to 5 feet of the till was observed to be in a
medium dense weathered condition. Some areas of the weathered portion of the till may be
in a loose condition requiring additional over-excavation to achieve a subgrade suitable for
placement of structural fill and/or for support of structural loads. The lodgement till sediments
can be used in structural fills, and the ability to achieve suitable compaction and performance
of the fill will depend mostly on the moisture content at the time of placement. Some
moisture-conditioning may be required. It should be noted, as mentioned above, that
boulders can occur within this unit at the site. Though boulders may not be abundant, it is
likely that more will be encountered.

4.3 Published Geologic Map

Review of the regional geologic maps titled Geologic Map of the Kirkland Quadrangle,
Washington, by James P. Minard {1983), and the Geologic Map of King County, compiled by
Derek B, Booth, Kathy A. Troost, and Aaron P. Wisher {2006), indicate that the area of the
subject site is underlain by Vashon-age advance outwash. Vashon-age lodgement till is
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mapped in the vicinity directly west of the property. Our interpretation of the lodgement till
sediments encountered in our explorations is in general agreement with the regional geologic
mapping. Advance outwash sediments consist generally of a dense, variable mixture of sand
and gravel with low silt contents that were deposited in rivers and streams ahead of the
advancing glacier and subsequently overridden by the glacial ice. The presence and lateral
distribution of geologic units contained in regional geologic maps such as those referenced
above can differ from that observed during site-specific subsurface investigations based on the
sometimes limited amount of surface soil exposures during regional geologic mapping. It is
likely that the Vashon advance outwash is present underlying the Vashon lodgement till at
depths greater than that explored at the site during this investigation, However further
exploration would be needed to determine the extent and the potential presence of ground
water at depth.

4.4 Hydrology

Ground water seepage was not observed in any of our exploration pits at the time of our
subsurface exploration in July 2015, Shallow ground water is commonly absent in sloping
upland areas underlain by lodgement till during seasonally drier periods of the year {generally
June through September). However, shallow ground water is typically present during
seasonally wetter periods of the year as a condition known as interflow. Interflow occurs atop
lodgement till or other relatively impermeable sediments. Interflow generally occurs during
the months of October through June when surface water infiltrates down through the topsoil
and relatively permeable weathered parent sediments and becomes trapped atop a very
low-permeability parent sediment. Potential interflow would follow the topography and flow
in primarily an easterly direction across the site. Perched, interflow ground water should be
expected during and after extended periods of increased precipitation. Ground water may
occur during other times of the year due to variations in the amount of rainfall, and/or changes
in site usage.
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Il. GEOLOGIC HAZARDS AND MITIGATIONS

The following discussion of potential geologic hazards is based on the geologic, slope, and
ground water conditions as observed and discussed herein.

5.0 SLOPE HAZARDS AND MITIGATIONS

Slope gradients at the site within the area of the proposed development are moderate
(generally less than approximately 20 percent). The sediments underlying the slope generally
consist of glacially consolidated glacial sediments as described above with relatively thin,
surficial deposits of loose to medium dense, topsoil, and weathered glacial sediments. Ground
water was not encountered within the shallow subsurface at the site,

We understand that the project is regulated under the City of Redmond Zoning Code (RZC).
Section 21.064.060 of the RZC defines landslide hazard areas as any area with a slope
40 percent or steeper with a vertical relief of 10 feet or more. The RZC prohibits most
development within a landslide hazard area buffer, which is defined as 50 feet from the top or
toe of the slope. However, the buffer may be reduced to a minimum of 15 feet upon approval
of a geotechnical engineer.

The sediments underlying the slope generally consist of glacially consolidated glacial sediments
as described previously. Adverse ground water conditions were not observed in the
explorations accomplished for our study. Based on the subsurface conditions encountered, it is
our opinion that a minimum buffer of 15 feet from areas in excess of 40 percent grade that
exceeds 10 feet in vertical height is sufficient to adequately protect the proposed and
surrounding developments from the critical landslide hazard. Associated Earth Sciences, Inc.
(AESI) should be provided a copy of the grading plan for review when it becomes available.

We recommend that structures constructed bordering the 15-feet buffer be founded upon the
underlying, undisturbed, dense glacial sediments. Specific recommendations for building
support are provided in the “Foundations” section of this report.

6.0 SEISMIC HAZARDS AND MITIGATIONS

Earthquakes occur in the Puget Lowland with great regularity. The vast majority of these
events are small and are usually not felt by people. However, large earthquakes do occur, as
evidenced by the 1949, 7.2-magnitude event; the 1965, 6.5-magnitude event; and the 2001,
6.8-magnitude event. The 1949 earthquake appears to have been the largest in this area
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during recorded history. Evaluation of return rates indicates that an earthquake of a
magnitude between 6.0 and 7.0 is likely within a given 25- to 40-year period.

Generally, there are four types of potential geologic hazards associated with large seismic
events: 1) surficial ground rupture, 2} seismically induced landslides, 3) liquefaction, and
4) ground motion. The potential for each of these hazards to adversely impact the proposed
project is discussed below.

6.1 Surficial Ground Rupture

The project site is located approximatelyls miles north of the Seattle Fault Zone and 4 miles
southwest of the Southern Whidbey Island-Lake Alice Fault Zone {SWIFZ).

Recent studies of the Seattle Fault Zone by the United States Geological Survey (USGS; e.g.,
Johnson et al., 1994, Origin and Evolution of the Seattle Fault and Seattle Basin, Washington,
Geology, v. 22, p.71-74; and Johnson et al., 1999, Active Tectonics of the Seottle Foult and
Central Puget Sound Washington - Implications for Earthquake Hazards, Geological Society of
America Bulletin, July 1999, v. 111, n. 7, p. 1042-1053) have provided evidence of surficial
ground rupture along a northern splay of the Seattle Fault. The recognition of this fault is
relatively new, and data pertaining to it are limited, with the studies still ongoing. According to
the USGS studies, the latest movement of this fault was about 1,100 years ago when about
20 feet of surficial displacement took place.

A recent study of the SWIFZ by the USGS (Sherrod et al., 2005, Holocene Fault Scarps and
Shallow Magnetic Anomalies Along the Southern Whidbey Island Fault Zone near Woodinville,
Washington, Open-File Report 2005-1136, March 2005) indicates that “strong” evidence of
prehistoric earthquake activity has been observed along two fault strands thought to be part of
the southeastward extension of the SWIFZ located about 8 miles southeast of the site. The
study suggests as many as nine earthquake events along the SWIFZ may have occurred within
the last 16,400 years. The recognition of this fault splay is relatively new, and data pertaining
to it are limited with the studies still ongoing. The recurrence interval of movement along this
fault system is still unknown, although it is hypothesized to be in excess of one thousand years.

The recurrence interval for movement along these fault systems is still unknown, although it is
hypothesized to be in excess of several thousand years, Due to the suspected long recurrence
interval and distance from the fault zone, the potential for surficial ground rupture at the site is
considered to be low during the expected life of the structures and no mitigation efforts
beyond complying with the 2012 International Building Code (IBC) are recommended.

6.2 Seismically Induced Landslides

The on-site, natural sediments found during the explorations are glacially consolidated
lodgement till sediments and are not sensitive to landsliding given the topographic conditions
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at the site. No current evidence of landslide activity was observed. Given the subsurface and
topographic conditions within and adjacent to the proposed development area, it is our
opinion that the risk of damage to the proposed project by landsliding is low. This opinion is
dependent upon site grading and construction practices being completed in accordance with
the geotechnical recommendations presented in this report.

6.3 Liguefaction

Liquefaction is a condition where loose, saturated, typically fine-grained soils lose shear
strength when subjected to high-intensity cyclic loads, such as occur during earthquakes. The
resulting reduction in strength can cause differential foundation settlements and slope failures.
Loose, saturated, fine-grained soils that cannot dissipate the buildup of pore water pressure
are the predominant type of sediments subject to liquefaction.

The observed site soils were dense and no ground water was observed. These soils are not
expected to be prone to liquefaction. A detailed liquefaction hazard analysis was not
performed as part of this study, and none is warranted, in our opinion.

6.4 Seismic Site Class (2012 iBC)

In our opinion, the subsurface conditions at the site are consistent with seismic Site Class “D”
in accordance with the 2012 IBC, and the publication ASCE 7 referenced therein, the most
recent version of which is ASCE 7-10.

7.0 EROSION HAZARDS AND MITIGATION

As of October 1, 2008, the Washington State Department of Ecology (Ecology) Construction
Storm Water General Permit (also known as the National Pollutant Discharge Elimination
System [NPDES] permit) requires weekly Temporary Erosion and Sedimentation Control {TESC)
inspections and turbidity monitering for all sites 1 or more acres in size that discharge storm
water to surface waters of the state. Because we anticipate that the proposed project will
require disturbance of more than 1 acre, we anticipate that these inspection and reporting
requirements will be triggered. The following recommendations are related to general erosion
potential and mitigation.

The erosion potential of the site soils is moderate, but may be high if steep slopes remain
unvegetated during construction. The most effective erosion control measure is the
maintenance of adequate ground cover. Maintaining cover measures atop disturbed ground
provides the greatest reduction to the potential generation of turbid runoff and sediment
transport. During the local wet season (October 1 through March 31), exposed soil should not
remain uncovered for more than 2 days unless it is actively being worked. Ground-cover
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measures can include erosion control matting, plastic sheeting, straw mulch, crushed rock or
recycled concrete, or mature hydroseed.

7.1 Erosion Hazard Mitigation

To mitigate the erosion hazards and potential for off-site sediment transport, we recommend
the following:

1. The winter performance of a site is dependent on a well-conceived plan for control of
site erosion and storm water runoff. It is easier to keep the soil on the ground than to
remove it from storm water. The owner and the desigh team should include adequate
ground-cover measures, access roads, and staging areas in the project bid to give the
selected contractor a workable site. The selected contractor needs to be prepared to
implement and maintain the required measures to reduce the amount of exposed
ground. A site maintenance plan should be in place in the event storm water turbidity
measurements are greater than the Ecology standards.

2. All TESC measures for a given area to be graded or otherwise worked shouid be
installed prior to any activity within that area. The recommended sequence of
construction within a given area would be to install sediment traps and/or ponds and
establish perimeter flow control prior to starting mass grading.

3. During the wetter months of the year, or when large storm events are predicted during
the summer months, each work area should be stabilized so that if showers occur, the
work area can receive the rainfall without excessive erosion or sediment transport. The
required measures for an area to be “buttoned-up” will depend on the time of year and
the duration the area will be left un-worked. During the winter months, areas that are
to be left un-worked for more than 2 days should be mulched or covered with plastic.
During the summer months, stabilization will usually consist of seal-rolling the
subgrade. Such measures wilt aid in the contractor’s ability to get back into a work area
after a storm event. The stabilization process also includes establishing temporary
storm water conveyance channels through work areas to route runoff to the approved
treatment facilities.

4, All disturbed areas should be revegetated as soon as possible. If it is outside of the
growing season, the disturbed areas should be covered with mulch, as recommended in
the erasion control plan. Straw mulch provides the most cost-effective cover measure
and can be made wind-resistant with the application of a tackifier after it is placed.

5. Surface runoff and discharge should be controlled during and following development.
Uncontrolled discharge may promote erosion and sediment transport. Under no
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circumstances should concentrated discharges he allowed to flow over significant
slopes.

6. Soils that are to be reused around the site should be stored in such a manner as to
reduce erosion from the stockpile. Protective measures may include, but are not
limited to, covering with plastic sheeting, the use of low stockpiles in flat areas, or the
use of straw bales/silt fences around pile perimeters. During the period between
October 1 and March 31, these measures are required.

7. On-site erosion control inspections and turbidity monitoring should be performed in
accordance with Ecology requirements. Weekly and monthly reporting to Ecology
should be performed on a regularly scheduled basis. TESC monitoring should be part of
the weekly construction team meetings. Temporary and permanent erosion control
and drainage measures should be adjusted and maintained, as necessary, at the time of
construction.

8, It is our opinion that with the proper implementation of the TESC plans and by
field-adjusting appropriate mitigation elements {best management practices) during
construction, as recommended by the erosion control inspector, the potential adverse
impacts from erosion hazards on the project may be mitigated.

8.0 C.RITIAL AQUIFER RECHARGE AREA (CARA)

The site is located within wellhead protection Zone 4 of the City of Redmond’s CARA program,
As per the City of Redmond a detailed ground water study is not required for sites within Zone
4. No mitigation measures outside of erosion control BMP’s (best management practices) will
be incorporated into the construction of final design of the project. '
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lll. PRELIMINARY DESIGN RECOMMENDATIONS

9.0 INTRODUCTION

Our exploration indicates that, from a geotechnical standpoint, the proposed project is feasible
provided the recommendations contained herein are properly followed. The bearing stratum
is relatively shallow, and conventional shallow foundations should perform well with proper
subgrade preparation. Important geotechnical considerations for the project will include
adequate keying and benching of structural fills that will be placed on slopes, and management
of moisture-sensitive subgrade soils and excavated soils that will be used in structural fill
applications, The following report sections provide specific geotechnical site development
recommendations.

10.0 SITE PREPARATION

Existing vegetation and topsoil should be removed from areas where new buildings, paving, or
other structures are planned. The observed in-place depth of topsoil at the exploration
locations is presented on the exploration logs in the Appendix, and typically ranged from 6 to
18 inches. After the upper 6 to 18 inches is stripped, the surface should be evaluated in the
specific area by proof-rolling to verify a firm and unyielding condition. Topsoil should be
expected to increase in volume by a factor of approximately 1.3 from in-place volume to loose
stockpile volume. After topsoil stripping, remaining roots and stumps should be removed from
structural areas. All soils below finished grade disturbed by stripping and grubbing operations
should be recompacted as described below for structural fill.

Based on our explorations completed for this study, any deep excavations that are planned for
the project should be expected to encounter dense to very dense soil conditions. The
lodgement till sediments are very dense at depth, and excavation progress was slow during our
subsurface exploration program. The lodgement till will be used as structural fill for the
planned grading on the site. Due to the density of these materials in place, a swell factor of
1.0to 1.1 may be used for compacted, in-place material throughout the site. Due to the
variability of the fines content and the density across the site, this is a best estimate of the
potential conditions,

Once excavation to subgrade elevation is complete, the resulting surface should be
proof-rolled with a loaded dump truck or other suitable equipment. Soft, loose, or yielding
areas should be excavated to expose suitable bearing soils. The subgrades should then be
compacted to a firm and unyielding condition as determined by the geotechnical engineer or
their representative, Structural fill can then be placed to achieve desired grades, if needed.
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In our opinion, stable, temporary construction slopes should be the responsibility of the
contractor and should be determined during construction. For estimating purposes, we
anticipate that temporary, unsupported cut slopes in the unsaturated lodgement till less than
12 feet in height can be excavated at angles of %H:1V (Horizontal: Vertical) or flatfer.
Temporary excavations in medium dense weathered soils should be planned at angles of
1H:1V. If steeper slopes are needed, shoring and/or trench boxes should be used. All
permanent cut or fill slopes should be sloped back at no steeper than 2H:1V unless protected
with the use of rockeries or other stabilization methods. These slope angles assume that
ground water seepage is not encountered and that surface water is not allowed to flow across
the temporary slope faces. If ground or surface water is present when the temporary
excavation slopes are exposed, flatter slope angles will be required. As is typical with
earthwork operations, some sloughing and raveling may occur, and cut slopes may have to be
adjusted in the field. in addition, WISHA/OSHA regulations should be followed at all times.

The on-site soils contain high amounts of fine-grained material. The high percentage of
fine-grained material makes them moisture-sensitive and subject to disturbance when wet.
Overall, the soils found on-site are suitable for structural fill, but should be closely monitored
to allow for placement at the optimum moisture content. The contractor must use care during
site preparation and excavation operations so that moisture-sensitive subgrade soils are not
softened. If disturbance occurs, the softened soils should be removed and the area brought to
grade with structural fill. .

11.0 STRUCTURAL FILL

Structural fill will be necessary to establish desired grades in some areas. All references to
structural fill in this report refer to subgrade preparation, fill type, placement, and compaction
of materials, as discussed in this section. If a percentage of compaction is specified under
another section of this report, the value given in that section should be used.

After stripping, planned excavation, and any required overexcavation have been performed to
the satisfaction of the geotechnical engineer/engineering geologist, the surface should be
proof-rolled to verify a firm and unyielding condition. After the exposed ground is tested and
approved, structural fill may be placed to attain desired grades. Structural fill is defined as
non-organic soil, acceptable to the geotechnical engineer, placed in maximum 12-inch loose
lifts, with each lift being compacted to at least 95 percent of the maximum dry density (MDD)
as the standard. In non-structural areas outside of building pads, roadways, and utilities, this
standard may be reduced to at least 90 percent of MDD. In the case of roadway and utility
trench filling, the backfill should be placed and compacted in accordance with current local
codes and standards, The top of the compacted fill should extend horizontally outward a
minimum distance of 3 feet beyond the locations of the perimeter footings or roadway edge
before sloping down at an angle of 2H:1V.

January 28, 2016 ASSQCIATED EARTH SCIENCES, INC.
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Prefiminary Subsurfoce Exploration, Geafogic Hazards,
Rose Hill Property and Geotechnical Engineering Report
Redmond, Washington Preliminary Design Recommendations

Where new structural fill will be placed on slopes steeper than 5H:1V, the fill should be keyed
and benched into suitable underlying native soils, The key trench should be at least 8 feet wide
and 3 feet deep, and hillside benches should be cut horizontally as the fill progresses. Hillside
benches should be at least 2 feet wide and typically are less than 8 feet wide.

The contractor should note that any proposed fill soils must be evaluated by AESI| prior to their
use in fills. This would require that we have a sample of the material 72 hours in advance to
perform a Proctor test and determine its field compaction standard. Soils in which the amount
of fine-grained material {(smaller than the No. 200 sieve) is greater than approximately
5 percent (measured on the minus No. 4 sieve size) should be considered moisture-sensitive.
The native soils present on-site consisted primarily of silt and are considered highly
moisture-sensitive. Use of excavated native silts in structural fills is not recommended due to
their very high content of fine-grained material. In addition, construction equipment
traversing the site when the soils are wet can cause considerable disturbance. We recommend
that a select import material consisting of a clean, free-draining gravel and/or sand be used in
structural fill applications. Free-draining fill consists of non-organic soil with the amount of
fine-grained material limited to 5 percent by weight when measured on the minus No. 4 sieve
fraction with at least 25 percent retained on the No. 4 sieve.

A representative from our firm should observe the stripped subgrade and be present during
placement of structural fill to document the work and perform a representative number of
in-place density tests. In this way, the adequacy of the earthwork may be evaluated as filling
progresses, and any problem areas may be corrected at that time. It is important to
understand that taking random compaction tests on a part-time basis will not assure
uniformity or acceptable performance of a fill. As such, we are available to aid the owner in
developing a suitable monitoring and testing program.

12.0 FOUNDATIONS

Spread footings may be used for building support when they are constructed above new
structural fill placed as described above, or by medium dense to very dense native soils. The
foundation bearing stratum, consisting of either medium dense to very dense Vashon
sediments or structural fill placed over these sediments, is relatively shallow and spread
footings may be used for foundation support. The depth to foundation bearing soils ranged
from 1% to 2% feet in all exploration pits. For residential structures, footings may be designed
for an allowable foundation soil bearing pressure of 2,500 pounds per square foot {psf),
including both dead and live loads. With the site soils, higher foundation soil bearing pressures
are possible, but are not expected to be needed for the project. An increase of one-third may
be used for short-term wind or seismic loading. All foundations must penetrate to the
prescribed bearing stratum, and no foundations should be constructed in or above loose,
organic, or existing fill soils.

Jonuary 29, 2016 ASSOCIATED EARTH SCIENCES, INC.
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Preliminary Subsurface Exploration, Geologic Hazards,
Rose Hill Property and Geotechnical Engineering Report
Redmond, Washington Prefiminary Design Recommendations

Anticipated settlement of footings founded as recommended should be on the order of % inch
or less, with differential settlement of % inch or less. However, disturbed material not
removed from footing trenches prior to footing placement could result in increased
settlements. All footing areas should be observed by AESI prior to placing concrete to verify
that the foundation subgrades are undisturbed and construction conforms to the
recommendations contained in this report. Perimeter footing drains should be provided, as
discussed under the “Drainage Considerations” section of this report.

It should be noted that the area bounded by lines extending downward at 1H:1V from any
footing must not intersect another footing or intersect a filled area that has not been
compacted to at least 95 percent of American Society for Testing and Materials {(ASTM):D 1557.
In addition, a 1%H:1V line extending down and away from any footing must not daylight onto a
slope or cut because sloughing or raveling may eventually undermine the footing. Thus,
footings should not be placed near the edge of steps or cuts in the bearing soils.

13.0 LATERAL WALL PRESSURES

All backfill behind walls or around foundations should be placed as per our recommendations
for structural fill and as described in this section of the report. Horizontally backfilled walls
that are free to yield laterally at least 0.1 percent of their height may be designed using an
equivalent fluid equal to 35 pounds per cubic foot {pcf). Fully restrained, horizontally
backfilled, rigid walls that cannot yield should be designed for an equivalent fluid of 50 pcf,
Walls that retain sloping backfill at a maximum angle of 2H:1V should be designed using an
equivalent fluid pressure of 45 pcf for yielding conditions.

The lateral pressures presented above are based on the conditions of a uniform backfill
consisting of the on-site, natural glacial sediments or imported sand and gravel compacted to
90 percent of ASTM:D 1557, A higher degree of compaction is not recommended, as this will
increase the pressure acting on the walls.

Footing drains must be provided for all retaining and foundation walls, as discussed under the
“Drainage Considerations” section of this report. It is imperative that proper drainage be
provided so that hydrostatic pressures do not develop against the walls. This would involve
installation of a minimum 1-foot-wide blanket drain to within 2 feet of the ground surface
using imported, washed gravel against the walls placed to be continuous with the footing
drain,
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Preliminary Subsurface Exploration, Geologic Hazards,
Rose Hifl Property and Geotechnical Engineering Report
Redmond, Washington Preliminary Design Recommendations

13.1 Passive Resistance and Friction Factors

Footings cast directly against undisturbed, dense soils in a trench may be designed for passive
resistance against lateral translation using an equivalent fluid equal to 350 pcf. The passive
equivalent fluid pressure diagram begins at the top of the footing; however, total lateral
resistance should be summed only over the depth of the actual key. This value applies only to
footings/keyways where concrete is placed directly against the trench sidewalls without the
use of forms, If footings are placed on grade and then backfilled, the top of the compacted
backfill must be horizontal and extend outward from the footing for a minimum lateral
distance equal to three times the height of the backfill before tapering down to grade. With
backfill placed as discussed, footings may be designed for passive resistance against lateral
translation using an equivalent fluid equal to 250 pcf and the truncated pressure diagram
discussed above.

The allowable friction coefficient for footings cast directly on undisturbed, dense soils may be
taken as 0.36. Since it will be difficult to excavate these soils without disturbance, the soil
under the footings must be recompacted to at least 95 percent of the above-mentioned
standard for this value to apply.

14,0 FLOOR SUPPORT

Crawl space floors could be used if supported on spread foundations. If crawl space floors are
used, an impervious maisture barrier should be provided above the soil surface within the
crawl space. Slab-on-grade floors may be used over medium dense to very dense native soils
or structural fill, as recommended in the “Site Preparation” section of this report. The floor
should be cast atop a minimum of 4 inches of washed pea gravel or washed crushed rock to act
as a capillary break. It should also be protected from dampness by an impervious moisture
barrier or otherwise sealed. Floor slabs that are supported by medium dense to very dense
soils and structural fill should experience % inch or less of settlement.

15.0 DRAINAGE CONSIDERATIONS

Ground water was not observed in any of our exploration pits. However, ground water could
occur seasonally where loose, weathered soils are underlain by dense, unweathered soils.
Ground water could also be present in granular layers within a less-weathered soil unit, Due to
the potential variability of the site soils in terms of composition and density across short
distances, it is difficult to predict where these conditions will occur. Therefore, prior to site
work and construction, the contractor should be prepared to provide subgrade protection and
drainage, as necessary.
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Prefiminary Subsurface Exploration, Geologic Hazords,
Rose Hifl Property ' and Geotechnical Engineering Report
Redmond, Washington Preliminary Design Recommenduations

All footing walls should be provided with a drain at the footing elevation. Drains should consist
of rigid, perforated, polyvinyt chloride (PVC) pipe surrounded by washed pea gravel. The level
of the perforations in the pipe should be set at the bottom of the footing at all locations, and
the drain collectors should be constructed with sufficient gradient to allow gravity discharge
away from the buildings. In addition, all foundation walls taller than 3 feet should be lined
with a minimum 12-inch-thick washed gravel blanket provided over the full height of the wall
to within 12 inches of final grade, and which ties into the footing drain. Roof and surface
runoff should not discharge into the footing drain system, but should be handled by a
separate, rigid, tightline drain. In planning, exterior grades adjacent to foundations should be
sloped downward away from the structures to achieve surface drainage. No surface water
discharges should be planned on or above steep slopes,

16.0 PROJECT DESIGN AND CONSTRUCTION MONITORING

We are available to provide additional geotechnical consultation as the project design develops
and possibly changes from that upon which this report is based, We recommend that AESI
perform a geotechnical review of the plans prior to final design completion. in this way, our
earthwork and foundation recommendations may be properly interpreted and implemented in
the design.

We are also available to provide geotechnical engineering and monitoring services during
construction. The integrity of the foundations for buildings and of new pavement depends on
proper site preparation and construction procedures. In addition, engineering decisions may
have to be made in the field in the event that variations in subsurface conditions become
apparent. Construction monitoring services are not part of the current scope of work. If these
services are desired, please let us know, and we will prepare a cost proposal.
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Prefiminary Subsurface Exploration, Geologic Hozards,
Rose Hill Property and Geotechnical Engineering Report
Redmond, Washington Preliminary Design Recommendations

We have enjoyed working with you on this study and are confident that these
recommendations will aid in the successful completion of your project. If you should have any
questions or require further assistance, please do not hesitate to call.

Sincerely,
ASSQCIATED EARTH SCIENCES, INC,
Everett, Washington

\opaal 987707

] Gaﬁﬁ/

Frank 5. Mocker, L.G., L.E.G. Matthew A. Miller, P.E.
Project Geologist Principal Engineer

Attachments:  Figure 1:  Vicinity Map
Figure 2:  Site and Exploration Plan
Appendix: Exploration Logs
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KCTP3 150375.GPJ January 28, 2016

LOG OF EXPLORATION PIT NO. EP-1

g This log is I?art of the repert prepared by Associated Earth Sciences, Inc, (AESI) for the named ?roj.ect and should be read
£ together with that report for complete interpretation. This summar aﬁplles only 1o the locatlon of this trench at thetime of
3 excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simpification
s} of actual conditions encounterad.
DESCRIPTION Eley: ~25
Topsoil
[\Very loose, dry, brown, silty SAND, trace gravel; abundant organics (SM). s
1 Weathered Vashon Lodgement Till
Medium dense, moist, light brown, silty SAND, seme fine to coarse rounded gravel, trace organics
2 7 (roots); nonstratified (SM).
3 Vashon Lodgement Till
a Dense, moist, light ollve, silty fine to coarse SAND, trace to some fine to coarse rounded gravel, trace
4 rounded cobbles; slightly less silty with depth; less gravel with depth; sand grades to fine to medium
5 grained; nonstratified to faintly bedded {SM).
6
7
8
9 -
10
Bottom of exploration pit at dapth 1C feet
11 1 Noseepage. No caving.
12
13
14
15
16
17
18

N
[an]

Logged by: FSM
Approved by: JHS

Rose Hill Property
Redmond, WA
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LOG OF EXPLORATION PIT NO. EP-2

KCTP3 150375.GPJ January 28, 2016

€ This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
£ together with that report for complste interpretation. This summarﬁa plies only 1o the location of this trench at the time of
F excavation. Subsurface conditions may change at this localion with the passage of time. The data presented are a simplification
a of actual conditions encountered.
DESCRIPTION Elev: ~247
Topsoil
1 Very loose, dry, brown, silty SAND, trace gravel, abundant organics (SM).
Weathered Vashon Lodgement Till
5 Medium dense, moist, light brown, fine to medium SAND, some silt to silty, trace to some gravel, trace
organics (rootlets) (SP/SM).

3 —

4 Vashon Lodgement Till

5 Dense, moist, light olive, silty fine to medium SAND, seme fine to coarse gravel, trace cobbles;

nonstratified; varies to very silty (SM).

6 —]

7 —]

8 !

9 -
10

Bottom of exploration pit at depth 10 fest

11 | Noseepage. No caving.
12
13 -
14
15
16
17
18
19 -
26

Legged by: FSM
Approved by: JHS

Rose Hill Property
Redmond, WA
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LOG OF EXPLORATION PIT NO. EP-3

€ This log Is part of the report prepared by Assaciated Earth Sciences, Inc. (AESI) for the named ?rojscl and should be read
e together with that report for complete interpretation, This summar¥1 aﬁplies only to the location of this trench at the time of
by excavation. Subsurface conditions may change &l this location with the passage of time. The data presented are a simplfication
[ of actual conditions encountered.
DESCRIPTION Elev: ~232
Topsail
1 Very loose, dry, brown, silty SAND, trace gravel; abundant organics (SM).
Weathered Vashon Lodgement Till
5 | Loose to medium dense, moist, light brown, very silty fine to coarse SAND, trace fine to coarse gravel,
trace organics (roots) (SM). Becomes medium dense at ~2.5 feet.
3 —
4 —
5 —
6 Vashon Lodgement Till
- Dense, moist, light olive, silty fine to medium SAND, trace coarse sand, trace fine to coarse rounded
gravel, trace rounded cobbles; (SM).
g - Varies to some fine to coarse rounded gravel at 7.5 feet.
g ]
10
11
12 Dense, moist light clive, fine to coarse SAND, some silt, trace to some fine to coarse gravel, trace
13 cobbles from 12 to 13 feet (SW/SM).
Becomes silty at 13 feet,
14
Bottomn of exploraticn pit at degpth 14 feet
15 = Ne seepage. No caving.
18 —
17
18
19
26

KCTP3 150375.GPJ January 28, 20168

Logged by: FSM
Appraved by: JH3
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KCTP3 150375.GPJ January 28, 2018

LOG OF EXPLORATION PIT NO. EP-4

) This log Is part of the report prepared by Associated Earth Sclences, Inc. (AESI) for the named ?roject and should be read
) together with that report for complste interpretation, This summar%aﬁplies only to the location of this trench at the time of
2 excavation. Subsurfaca conditions may change at this location with the passage of time. The data presented are a simplfication
] of actual conditions encountered,
DESCRIPTION Elov: ~208
Topsail
" Very loose, dry, brown, silty SAND, trace gravel; abundant organics (SM).
Weathered Vashon Lodgement Till
5 Medium dense, slightly moist, light brown, very silty fine to coarse SAND, trace gravel, trace cobbles,
trace organics (rootlets); nonstratified (SM).

3 —

47 Al 4.5 feet, strongly iron oxide staining in fine to medium SAND, trace to some silt seams, trace

5 \organics {rootlets); stratified (SP). A

Vashon Lodgement Till
Very dense, moist, olive gray, fine to coarse SAND, some silt to silty, trace to some fine to coarse

6 T rounded gravel; nonstratified (SM).

T —

8 —t

g —
10
11
12
13
14 —
15

Bottom of exploration pit at depth 15 feet

16 1 No soepage. No caving.
17
18
19
20

Logged by: FSM
Approved by: JHS

Rose Hill Property
Redmond, WA
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KCTP3 150375.GPd January 28, 2016

LOG OF EXPLORATION PIT NO. EP-5

E This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named pro{ect and should be read
5 together with that report for complete interpretation. This summary applies only to the location of this trench at the time of
& excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
0 of actual conditions encountered.
DESCRIPTION Elev: ~203
Topsoll
1 Very loose, dry, brown, silty SAND, trace gravel; abundant organics {(SM).
Weathered Vashon Lodgement Till
P Medium dense, slightly moist, light brown, silty SAND, trace gravel, trace cobbles, trace organics
(rootlets); sand is fine to medium grained, trace coarse sand (SM).
8 Vashon Lodgement Till
4 Dense 1o very dense, moist, light olive, silty fine to coarse SAND, trace to some gravel, trace cobbles;
nonstratified (SM).

5 ]

6 ]

7 —

8 —

9 —
10
11 —
12 -
13
14
15

Bottom of explaration pit at depth 15 feat

16 & No seepage. No caving.
17
18
19
20

Rose Hill Property
Redmond, WA

P> dasociated Project No, EE150375A
carth sciences

incorpoeraied _ 7715

Logged by: FSM
Approved by: JHS
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LOG OF EXPLORATION PIT NO. EP-6

€ This log is part of the report prepared by Asscciated Earth Sciences, [nc. (AESI) for the named ?roject and should be read
= together with that report for complete interpretation, This summary applies only to the location of this tfrench at the time of
& excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
o of actual conditions encountered.
DESCRIPTION Elev: ~203
: Topsoil
’ Very loose, dry, brown, silty SAND, trace gravel; abundant organics (SM).
Weathered Vashon Lodgement Till
5 Medium dense, slightly moist, light brown, silty fing to coarse SAND, trace to some gravel, trace
cobbles, trace organics (roots) (SM).
3 —
4 - Vashon Lodgement Till
Dense to very dense, moist, light olive, fine to coarse SAND, some silt to silty, trace to some fine to

5 coarse rounded gravel, trace cobbles; nonstratified; ranges to some silt with depth {SW/SM).

6 —

7 —

8 -]

9 —
10
11
12 —
13
14 -
15 Bottom of exploration pit at depth 14.5 feet

No sespage. No caving.

16 -
17 -7
18 -
19
20

Rose Hill Property
Redmond, WA

asseciated Project No, EE150375A
earth sclences

incorparated TM7M15

Logged by: FSM
Approved by: JHS




LOG OF EXPLORATION PIT NO. EP-7

& This log is I?art of the repaort prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
e together with that report for complete interpretation, This sqmmar%aﬁplies only to the location of this trench.at the time of
2 excavation. Subsurface condltions may change at this location with the passage of time. The data presented are a simplfication
o of actual conditions encountered.
DESCRIPTION Elev: ~296
Topsoil
4 Very loose, dry, brown, silty SAND, trace gravel; abundant organics (SM).
9 _ Weathered Vashon Lodgement Till
Medium dense, slightly moist, light brown, silty fine to coarse SAND, trace gravel, trace cobbles, trace

5 organics (roots} {SM). :

4 —

5 —

% T More pronounced Iron oxide staining at 6 feet. Becomes dense below 6 feet.

7

Vashon Lodgement Till
g - Dense to very dense, maist, light olive, silty fine to coarse SAND, frace to some gravel, trace cobbles
[ (SM).

10

Bottom of expleration pit at depth 10 feet
1 9 No seepage. No caving.

12

13

15 -
16

17 -

No
[win]

KCTP3 150375.GRJ January 28, 2016

Rose Hill Property
Redmond, WA

»a8s0clatad Project No. EE150375A
earih sciences
incorporated TM715

Logged by: FSM
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LOG OF EXPLORATION PIT NO. EP-8

€ This log is part of the report prepared by Associated Earth Sclences, [nc. (AESI) for the named ?roiecl and should be read
= together with that report for complets interpretation. This summa%a plies only to the location of this trench at the time of
& excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
a of actual conditions encountered.
DESCRIPTION Eley: ~242
Topsoil
1 Very loose, dry, brown, silty SAND, trace gravel; abundant organics (SM).
5 Weathered Vashon Lodgement Till
Medium dense, slightly moist to moist, light brown, silty fine fo coarse SAND, trace to some fine to

3 coarse rounded gravel, trace cobbles, trace organics (SM).

4

5 | Vashon Lodgement Till

Dense fo very dense, moist, clive gray, silty fine fo coarse SAND, trace o some fine to coarse rounded

5 gravel, frace cobbles (SM).

? |

8 —

g Color varies to greenish olive.
10

Bottom of exploration pit at depth 10 feet

11 -1 No seapage. No caving.
12
13
14
15
16
17
18 —
19 —
20

KCTP3 150375.GPJ January 28, 2016
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Redmond, WA
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Logged by: FSM
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LOG OF EXPLORATION PIT NO. EP-9

€ This log is Ipart of the report prepared by Associated Earth Sclences, Inc. (AESI) for the namad project and should be read
& together with that report for complete interpretation. This summar;{1 aﬁplies only 1o the location of this trench at the time of
& excavation. Subsurface conditions may change at this locaticn with the passade of time. The data presented are a simplfication
Q of actual conditions enceountered.,
DESCRIPTION Elev: ~254
Topsoil
1 Very loose, dry, brown, silty SAND, trace gravel; abundant organics (SM).
Weathered Vashon Lodgement Till
5 Medium dense, slightly moist fo moist, light brown, silty fine to coarse SAND, trace to some fine to
coarse rounded gravel, trace cobbles, trace organics (SM).
3 —]
4 —
5 —
6 Vashon Lodgement Till
7 Dense to very dense, moist, light olive, fine to coarse SAND, some silt to silty, some fine to coarse
gravel, trace cobbles; nonstratified; faintly cross stratified? (defined by faint parting planes) (SW/SM).
8 ]
9 —
10
11
12 —
1 3 —
14 —
15
Bottom of exploration pit at depth 15 feat
16 < No seepage. No caving.
17
18 —
19
26

KCTP3 150375.GRJ January 28, 2016
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LOG OF EXPLORATION PIT NO. EP-10

KCTPS 150375.GPJ January 28, 2016

= This log is part of the report prepared by Assoclated Earth Sclences, Inc. (AESI) for the named ?roject and should be read
5 together with that report for complete interpretation. This summal aﬁpﬁes only to the location of this trench at the time of
53 excavation. Subsurface canditions may change at this location with the passage of time. The data presented are a simplfication
[ of actual conditions encountered.
DESCRIPTION Elev: ~251
Topsoil
4 Very loose, dry, brown, silty SAND, trace gravel; abundant organics (SM).
5 Weathered Vashon Lodgement Till
Medium dense, slightly moist to molst, light brown, silty fine to coarse SAND, trace to some fine to

3 coarse rounded gravel, frace cobbles, trace organics (SM).

4 Vashon Lodgement Till

5 Dense to very dense, moist, olive, silty SAND, trace to some gravel, trace cobbles; occasional seam of

fine to coarse SAND, some gravel, some silt {SM).

6

7

8

9 .
10

Bottom of exploration pit at depth 10 feet

11 7 Nosespage. No caving.
12
13
14
15
16
17
18
19

o]
[an]

Logged by: FSM
Approved by: JHS
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