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Geotechnical Report

Multi-Family Development
Mercer Island, Washington

Hart Crowser’s scope of services for this design study included:

Collecting and assessing subsurface conditions from historical explorations;

Drilling four borings and installing two monitoring wells;

Conducting one dynamic cone penetration test;

Preparing logs of the explorations;

Assessing groundwater conditions including slug testing of new and existing wells;

Conducting engineering analysis; and

Preparing this report summarizing our findings and presenting geotechnical recommendations.

We completed this work in general accordance with our contracts dated October 15, 2014 and August 21,
2018. We have updated our recommendations based on design plans dated September 4, 2020.

In the interim between our 2015 report and this updated 2020 report, it is our understanding that the
project and property interests have been assumed by Hycroft Investments, Inc. Additionally, there have
been changes to the proposed foundation design and the City of Mercer Island building code which merit
revisions in the Foundations Design Recommendations and seismic sections, respectively. Other sections
remain relatively unchanged. This report supersedes any previous report versions.

This report is for the exclusive use of Hycroft Investments, Inc. and its design consultants for specific
application to this project and site. We completed this work in accordance with generally accepted
geotechnical engineering practices for the nature and conditions of the work completed in the same or
similar locations, at the time the work was performed. We make no other warranty, express or implied.

PROJECT UNDERSTANDING

The project consists of a four-story, mixed-use building with one to two levels of below-grade parking. The
proposed development site is shown on Figures 1 and 2.

We understand that the grading plan is for the lowest underground parking level (P-2) to have a basement
finish floor at approximately an elevation of 71.5 feet. The upper underground parking level (P-1) has a
proposed finish floor elevation of 80.3 feet. The garage will be accessed from a ramp off SE 28th Street
located approximately halfway between 77th Avenue SE and 78th Avenue SE. The existing ground surface
generally slopes from an elevation of about 90 feet along 78th Avenue SE to about 82 feet along 77th
Avenue SE. The bottom of the excavation is expected to be approximately 10 to 20 feet below existing
ground surface.

In this report, the elevation datum is NAVD 88 and the horizontal datum is NAD 83/91.

19413-00
November 3, 2020



2 | Multi-Family Development

SITE CONDITIONS

We visited the site on September 29, 2013, to observe the condition of the on-site buildings, nearby
buildings, and paved surfaces. The buildings did not show signs of excessive building settlement such as
large cracks in the walls or sloping lines. We did observe concrete cracking on the exterior stairway on the
north side of the 2885 78th Avenue SE building that houses the Seven Star restaurant and a slight
separation of concrete masonry unit (CMU) joints on the southwest corner of the 2864 77th Avenue SE
building that houses Terra Bella; however, these observed conditions are not definitively caused by
foundation settlement.

According to property records accessed on the City of Mercer Island website, it appears that most of the
buildings on or near the site are founded on spread foundations. However, the McDonald’s restaurant
immediately north of the site and the building immediately north of the McDonald’s (2737 78th Avenue
SE) were both supported using timber pile foundations up to 25 feet long, which indicates unsuitable soils
in the vicinity.

FIELD EXPLORATIONS

Exploration locations by Hart Crowser for the current project are shown on Figure 2 and exploration logs
are provided in Appendix A. We also observed push probes conducted by Farralon Consulting for
environmental sampling and made our own exploration logs for those explorations. We also reviewed
geotechnical reports by Terra Associates, Inc. (Terra 2012) and ABPB Consulting (ABPB 2012). The locations
of historical explorations and Farralon’s push probes are also shown on Figure 2 and the logs are provided
in Appendix B.

On November 12 to 13, 2014, we performed a subsurface investigation including four hollow-stem auger
borings, HC-1 to HC-4, from 36.5 to 41.5 feet below ground surface (bgs) and one dynamic cone
penetrometer, HC-5, to 20.5 feet bgs. We installed monitoring wells in borings HC-1 and HC-2. On
November 14, 2014, we developed the monitoring wells and on November 17, 2014, we performed slug
testing on monitoring wells in borings HC-1, HC-2, APBP M3, and Terra B-1.

Our understanding of the subsurface conditions is based on current and historical explorations at the site.
Subsurface conditions interpreted from explorations at discrete locations on the site and soil properties
inferred from the field and laboratory tests formed the basis of the geotechnical recommendations in this
report. The nature and extent of variations between explorations may not become evident until additional
explorations are performed or construction begins. If variations are encountered, it may be necessary to
reevaluate the recommendations made in this report. General soil and groundwater conditions are
addressed below. Refer to exploration logs for more detailed information at specific locations.

SOIL CONDITIONS

The subsurface soil conditions are illustrated by generalized subsurface profiles AA’ through DD’ on Figures
3 through 6. Based on our interpretation of the borings, the regional topography, and our conversations
with the current property owners, the site is likely a filled in swamp/marsh lowland area underlain by
relatively impermeable glacial silt and clay.
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As shown on the subsurface profiles, we have divided the lithology into four main soil units:

Unit 1. Loose to medium dense silty granular FILL, soft SILT, and PEAT. This unit is generally not suitable for
conventional spread footings.

Unit 2. Medium stiff to hard SILT and silty CLAY. This unit is generally suitable for conventional spread
footings with moderate bearing pressures but may require localized overexcavation and replacement with
structural fill to provide adequate foundation subgrade.

Unit 3. Medium dense to dense SAND and silty SAND. This unit may be interbedded with Unit 2 and Unit 4
and is expected to be most prominent and most likely to be encountered along the southern end of the
site. Excavations into this unit will likely require dewatering.

Unit 4. Hard SILT. This unit generally underlies the other soil units except along the southern end of the
site. This unit is suitable for conventional spread footings with moderate to high bearing pressures.

In this report we define “competent soils” as Soil Units 2, 3 and 4.

GROUNDWATER CONDITIONS

Groundwater was observed during drilling at the site at depths of 7.5 to 35 feet. Groundwater occurs in
the predominantly fine-grain soils (Units 1, 2, and 4) as perched water within discontinuous permeable
lenses. Saturated groundwater conditions were observed in Unit 3. For design purposes, we recommend a
groundwater table elevation of 75 feet.

GEOTECHNICAL ENGINEERING CONCLUSIONS AND
RECOMMENDATIONS

Our recommendations are based on our current understanding of the project and the subsurface
conditions interpreted from explorations at and near the site by Hart Crowser and others. If the nature or
location of the facilities is different than we have assumed, we should be notified so we can review,
change, and/or confirm our recommendations.

Earthquake Engineering

Seismic Setting

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

Code-Based Seismic Design Parameters

The basis for seismic design for the 2015 International Building Code (IBC) is the risk-targeted maximum
considered earthquake (MCER) for ground motion response accelerations, and the maximum considered
earthquake geometric mean (MCEg) hazard for the peak ground acceleration (PGA).

The MCEg ground motion response accelerations are defined for the most severe earthquake considered
by IBC 2015, determined for the orientation that results in the largest maximum response to horizontal
ground motions, and adjusted for the targeted risk. The geometric mean PGA corresponding to MCEg is
defined for the most severe earthquake, without adjustment for the targeted risk. The most severe
earthquake considered by the code has a 2 percent probability of exceedance in 50 years, corresponding
to a 2,475-year return period.

The mapped response spectra are based on Site Class B (rock) conditions. Seismic parameters are adjusted
according to the actual site conditions. Based on the average soil stiffness in the upper 100 feet of soil, the
recommended site class for this project location is Site Class D (stiff soil). IBC 2015 defines the design
spectral acceleration parameters at short periods (Sps) and at the one-second period (Sip) as two-thirds of
the corresponding site-class-adjusted MCEgr parameters (SMS and SM1). Similarly, American Society of Civil
Engineers (ASCE) 7 requires MCEg peak ground acceleration adjusted for site effects (PGAwm) to be used for
evaluation of liquefaction, lateral spreading, seismic settlements, and other soil-related issues. The seismic
design parameters were obtained from the U.S. Geologic Survey (USGS) U.S. Seismic Design Maps web
application (https://earthquake.usgs.gov/ws/designmaps/) and the ASCE 7 Hazard Tool web application
(https://asce7hazardtool.online/) accessed on October 28, 2020. The resulting seismic design parameters
are shown in Table 1.

Table 1 - Seismic Design Parameters (ASCE/SEI 7-10)

Parameter Value
Latitude 47.58473
Longitude —122.234008
Site class D
Peak Ground Acceleration (PGA) 0.568 g
Ss 1.38
S1 0.531
Fraa 1
Fa 1
Fv 1.5
As (PGA * Fpga) 0.568 g
Sas (Ss * Fa) 0.92
Sa1 (S1*Fy) 0.531
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Seismic Hazards

Surface Rupture. The northernmost splay of the Seattle Fault exists approximately 0.5 mile south of the
site. There is a remote potential for surface rupture at the site from a new splay of the Seattle Fault;
however, this hazard is very low based on the Seattle Fault’s 3,000-year recurrence interval, the large
number of possible locations for surface rupture, and the chance that the fault would not produce surface
rupture in this segment of the fault.

Lateral Spreading. Lateral spreading is typically associated with lateral movement on sloping ground
caused by liquefaction or a reduction of shear strength of soils within or under the slope. Given the low
liquefaction hazard at the site, we judge that the potential for lateral spreading is also low.

Landslides. We reviewed the City’s Environmentally Critical Area (ECA) Ordinance and found that no
critical area issues, such as previous landslide or steep slope, currently exist at the site. The risk of landslide
during an earthquake is considered low for this site.

Liquefaction and Subsidence. Liquefaction is caused by a rapid increase in pore water pressure that
reduces the effective stress between soil particles, resulting in sudden loss of shear strength in the soil.
Granular soils that rely on inter-particle friction for shear strength are susceptible to liquefaction under the
excess pore pressure buildup during strong ground shaking. Liquefaction can cause ground settlement,
bearing capacity failure, and lateral spreading.

Liguefaction susceptibility on the site was evaluated from SPT results using the Idriss and Boulanger (2008)
method. The evaluation identified liquefiable soils for 4 of the 95 SPT samples analyzed. Anticipated post
seismic settlement may occur on the order of 1 to 2.5 inches in these discrete areas. The liquefiable
samples are located 20 to 35 feet below the existing ground surface. We anticipate that the proposed
foundation system will be able to tolerate this discrete settlement and not adversely affect the
functionality of the building. As a precaution, if loose soils are observed beneath the footings during
construction, they should be over excavated and replaced with well-compacted materials, such as WSDOT
Standard Specification (SS) Section 9-03.9(3) crushed surfacing base course (CSBC) or better.

Excavation and Shoring

We recommend a conventional shoring system of soldier piles, tieback anchors, and wood lagging.

Our shoring recommendations assume that the excavation will extend down to at least the top of
competent soils. Because the actual depth of competent soils may differ from our estimate, we
recommend designing the shoring assuming the excavation extends an additional 2 feet below the
planned bottom of excavation to allow for potential over-excavation along the shoring wall if needed.

At the ramp in the northwest corner, the shoring should be designed assuming the existing ramp subgrade
soils will be excavated down to competent soils, the same as for the rest of the site.
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Perched groundwater will likely be encountered in sand zones throughout the excavation depth.
Excavations into Soil Unit 3, sandy soils, will likely require active dewatering.

Shoring should be designed by a professional structural engineer registered in the State of Washington.
We also recommend that we be given the opportunity to review the geotechnical aspects of the shoring
design before construction. It is generally not the purpose of this report to provide specific criteria for the
contractor’s construction means and methods. It should be the responsibility of the shoring contractor to
verify actual ground conditions and determine the construction methods and procedures needed to install
an appropriate shoring system.

Lateral Soil Pressures for Design of Temporary Shoring Walls

Lateral earth pressures for the shoring design depend on the type of shoring and its ability to deform. If
the top of the shoring is allowed to deform on the order of 0.001 to 0.002 times the shoring height, and if
no settlement-sensitive structures or utilities are within the zone of deformation, the shoring may be
designed using active earth pressures. If settlement-sensitive structures or utilities exist within the
potential zone of deformation, or where the shoring system is too stiff to allow sufficient lateral
movement to develop an active condition, at-rest earth pressures should be used to design the shoring.

We expect that temporary shoring will consist of soldier piles and timber lagging with one or more levels of
tieback anchors. Tied-back or braced walls should be designed using a trapezoidal apparent earth pressure
distribution. General earth pressure diagrams and recommendations for temporary shoring are provided
on Figure 7.

The lateral earth pressures presented herein for soldier piles are based on non-sloping conditions behind
the walls and drained conditions so that hydrostatic water pressure does not act on the walls above the
base of the excavation. For design calculations, we recommend adding at least 2 feet to the proposed
excavation depth to allow for possible surface pressures near the excavation (e.g., light vehicles, small
material stockpiles).

Based on the assumed loading conditions and the applied loads, we expect the shoring system to deflect
about 1 inch or less into the excavation. Individual soldier piles may deflect more than 1 inch or deflect
away from the excavation.

Hart Crowser should review any soldier piles that deflect more than 1/2 inch to try to identify the cause of
the deflection and to determine whether remedial measures are required.

Surcharge Pressures on Shoring

Additional lateral pressures due to surcharge loads (e.g., buildings, footings, heavy equipment, large
material stockpiles) should be calculated using methods shown on Figure 8. These loads would be added
to the loads calculated for the shoring walls. We recommend Hart Crowser review or complete the
estimated surcharge loads when surcharge loads, footprints, and foundation plans of adjacent structures
are available.
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Soldier Pile Design

We recommend the following for soldier pile design:
B Soldier piles must be designed by a licensed structural engineer;

W Soldier piles should be designed for bending using a uniform loading equivalent to 80 percent of the
design values and analyzed for shear using total load;

B To design against kickout, the lateral resistance should be computed using the passive pressure on
Figure 7, acting over 2 times the diameter of the concreted shaft section or the pile spacing, whichever
is less;

B  The embedded portion of the pile shaft should be at least 2 feet in diameter; and
B Piles should be embedded at least 8 feet below the bottom of the excavation.
These recommendations assume proper installation of the soldier piles as discussed later in this report.

We recommend the allowable axial pile capacity parameters in Table 2 to calculate the vertical resistance

of the soldier piles. The values assume that soldier piles are embedded into competent soils. The pile side

friction above the bottom of the excavation should be neglected. The soldier piles should be embedded at
least 8 feet below the base of the excavation.

Table 2 - Axial Capacity Parameters for Drilled Soldier Piles

Soil Unit Allowable Unit Side Capacity Allowable Unit End Capacity
Unit 1 0.5 ksf NA
Units 2 -4 2 ksf 10 ksf

Lagging Design

Temporary lagging should be designed in accordance with Federal Highway Administration (FHWA)
Geotechnical Engineering Circular (GEC) 4 (FHWA 1999), structural engineering guidelines, soil type, and
local experience. Table 3 provides recommended lagging thicknesses based on the FHWA
recommendations.

Based on our site investigation, we recommend using a Soil Type of “Competent” for the eastern half of
the site and “Difficult” for the western half of the site.
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Table 3 - Recommended Temporary Lagging Thickness

Clear Span of Lagging (feet)
5 | 6 | 7 | 8 | 9 | 10
Minimum Actual Thickness of Rough Cut Timber Lagging
(inches)
25 and
Competent under 2 3 3 3 4 4
(Type 1)@ Over 25
to 60 3 3 3 4 4 5
25 and
Difficult under 3 3 3 4 4 5
(Type 2) 2 Over 25
to 60 3 3 4 4 5 5
15 and
Potentially under 3 3 4 5 See note® See note®
Dangerous Over 15
(Type 3)2 to 25 3 4 5 6 See note® | See note®
Over 25 4 5 6 See note® | See Note® | See note®

Notes:

a. Soil type as defined in WSDOT SS Section 6-16.3(6)A.

b. For exposed wall heights exceeding the limits in Table 3, or where minimum rough-cut lagging thickness is not
provided, the contractor should design the lagging in accordance with structural engineering guidelines and local

experience. Soldier pile and lagging shoring may not be appropriate for these cases.

Tieback Design

We recommend the tentative allowable tieback pullout value in Table 4 for a typical 6-inch-diameter
drilled hole with a pressure-grouted bond zone. The allowable transfer load includes a recommended
factor of safety of 2.0. The factor of safety should be confirmed by completing at least two successful
verification tests in each soil type. Additionally, each tieback should be proof-tested to 133 percent of the
design load. Our recommended tieback testing program is included in Attachment 1. We recommend that
the shoring contractor and/or designer determine a final design tieback pullout resistance based on their
previous experience in Mercer Island or Seattle, which must then be confirmed by field testing.

Table 4 — Tentative Pullout Resistance for Tiebacks with
Pressure-Grouted Bond Zone

Soil Type Allowable Transfer Load
Competent soils — Soil Units 2 through 4 2 kip/ft

We make the following additional recommendations for tieback design:

B Do not install the bond zone within Soil Unit 1 (fill, soft silt and clay, peat).
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B Tieback bond zones should be outside of the no-load zone. The no-load zone is shown on Figure7 as a
zone bounded by a 60-degree line to the horizontal that starts at a distance of H/4 from the bottom of
the excavation, where H is the excavation height.

B Locate anchors at least three tieback diameters apart.

B Design anchor lengths so that they do not conflict with any underground support elements of adjacent
structures.

B |dentify existing facilities adjacent to the project site including buried utilities and foundations, as
these may affect the location and length of the anchors.

B Allow the contractor to select the tieback anchor material and the installation technique. The shoring
contractor should be contractually responsible for the design of the tieback anchors, as tieback
capacity is largely a function of the means and methods of installation. The selected installation
method must be confirmed using verification and proof-testing, as discussed in Attachment 1.

B Hart Crowser should review the design for anchor locations, capacities, and related criteria prior to
implementation.

Permanent Subgrade Wall Design

This section and Figures 8 and 9 provide guidance for determining the permanent subgrade wall loads.

Earth Pressures

Permanent subsurface walls constructed adjacent to soldier pile shoring may be designed using the same
earth pressure values and distribution that was used for shoring design. The earth pressure does not
include surcharge loads such as loads from adjacent buildings; these must be calculated separately and
added to get the total permanent lateral pressure.

Permanent walls that are backfilled and are not adjacent to shoring walls should be designed using a
triangular earth pressure distribution. For typical granular fill soil, active and at-rest pressures may be
determined using the equivalent fluid unit weights in Table 5. Note that the equivalent fluid density does
not include any surface loading conditions or loading due to groundwater hydrostatic pressure; also, the
ground surface behind the wall is assumed to be horizontal. Walls without drainage must be designed for
full hydrostatic pressure.

The use of active and passive pressure is appropriate if the wall is allowed to yield a minimum of 0.001
times the wall height. For a non-yielding wall, at-rest pressures should be used.

19413-00
November 3, 2020



10 | Multi-Family Development

Table 5 - Soil Equivalent Fluid Unit Weights for Walls Backfilled with Structural Fill

Value

Soil Type Parameter (pcf)
Active earth pressure 35
Structural fill At-rest earth pressure 55
Passive earth pressure @ 300

Note:

a. Includes a factor of safety of 1.5.

Hydrostatic Groundwater Pressure

For walls permanently drained over the full height of the wall, hydrostatic groundwater pressure buildup is
prevented and permanent wall design may neglect groundwater pressure. Hydrostatic uplift of the mat
slab can be prevented by installing a drainage system beneath the mat slab.

For walls and floors that are not drained, a triangular lateral hydrostatic pressure of 62.4h,, psf should be
added, where h,, is the depth of structure below the design groundwater level. The depth of the basement
is expected to be above the regional groundwater table. However, perched groundwater will exert full
hydrostatic pressure against the walls if they are not adequately drained. For undrained walls, we
recommend a design water level of 5 feet bgs.

Seismic Earth Pressure on Walls

Lateral earth pressures based on the design earthquake for active and at-rest conditions can be assumed
as uniform pressures in pounds per square foot of 8H and 12H (where H is the height of the wall in feet),
respectively. The seismic earth pressure should be applied from the top of the wall to the bottom of the
excavation, as shown on Figure 9. This seismic earth pressure is calculated using the 2015 IBC design
hazard level for the site.

Surcharge Pressures on Walls

The pressures shown on Figures 7 and 9 do not include surcharge loads due to buildings, footings, heavy
equipment, large stockpiles, and so forth. These loads must be calculated separately, using the methods
shown on Figure 8 or similar, and added to the pressures determined using Figures 7 and 9.

We recommend Hart Crowser review or complete the estimated surcharge loads when surcharge loads,
footprints, and foundation plans of adjacent structures are available.

Foundation Design Recommendations

Figure 10 provides a contour map of the estimated elevation of the top of competent soils, however it is
important to note that the contours on Figure 10 are only an estimate based on interpolation between the
exploration locations.

Our 2015 report recommended shallow foundations based on the proposed design information provided
to us at that time. However, the updated 2020 plans from Johnston Architects, LLC, have raised the
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building’s lowest finished elevation about 8.5 feet shallower than the 2015 design. This means that for
shallow foundation construction on the north side of the site, the contractor would need to excavate and
dispose of a considerable volume of soil to reach the bearing layer elevation because it is lower in that
area (see Figure 10). This additional mass excavation would also require a higher volume of groundwater
removal (and possibly treatment) before discharge. The costs and possible schedule impacts to
constructing shallow foundations on the northern area of the parcel may be significant and thus merit
consideration of alternative foundation systems.

The 2020 foundation design (Johnston Architect, LLC) was modified to a mixed foundation with shallow
spread footings to the south and a mat foundation to the north. We have reviewed this updated design
and provide recommendations noted below.

For shallow spread foundations bearing on competent soils, we recommend an allowable bearing capacity
of 3 kips per square foot (ksf). We expect less than 1 inch of post-construction settlement for foundations
bearing on competent soils. This recommendation is the same as our 2015 report. There are areas where
some amount of overexcavation (less than 4-foot depth) and replacement with structural fill or controlled
density fill (CDF) [WSDOT SS Section 2-09.3(1)E] should be expected in order to reach competent soils on
which to construct shallow foundations. Competent soils are where the exposed soil is firm and unyielding.
This assumes that recommendations noted in our Groundwater Control section are also incorporated into
the design and construction.

At the ramp location in the south area of the site, we recommend overexcavating the ramp subgrade soils
down to competent soil and then backfilling back up to ramp subgrade elevation with structural fill. The
bottom of footings at the ramp location should be below the ramp backfill.

Along the northern area where the competent layer dips downward, a mat foundation has been proposed
in the updated 2020 design plans. Based on the proposed mat thickness (24-inches) and finished floor
elevations, the bottom of the mat will be at approximately elevation 69.6 feet. Ground improvement, in
the form of overexcavation and replacement, should be considered for areas where competent soils are
less than 4 feet from the bottom of foundation elevation and groundwater has been properly controlled.
The excavated volume should be replaced with structural fill or CDF.

However, in areas where the competent layer is deeper, then we recommend other forms of ground
improvement to minimize the amount of soil and groundwater removal and disposal that would be
required in order to excavate deeper. Based on the site conditions, we believe that aggregate piers would
be a cost-effective method. These elements produce less spoils, require less shoring (i.e. exposed wall
height) and would not require dewatering to excavate below the design groundwater table. Aggregate
piers can be vibrated stone columns or rammed aggregate columns. For the shallow depths of
improvement anticipated at the site, the rammed aggregate system may be a more viable option. With
ground improvement in place, the mat foundation should be designed using the same bearing capacity
values as for shallow foundations.
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Rammed aggregate columns are generally designed by a specialty contractor. The ground improvement
contractor should be given this report so that they can determine the pier layout, dimensions, etc., and
work with the structural engineer and shoring designer. Placing ground improvement adjacent to shoring
can result in excessive wall movement if the system is not adequately designed for the ground disturbance
that occurs during installation.

It is important to note that if the design were to change and the planned excavation is uniformly deeper
across the project, then aggregate piers may have less advantages compared to mass excavation.

GROUNDWATER CONTROL

Slug Results

Water levels and slug testing results are presented in Attachment 1 and may be used for design of
construction dewatering and estimating water flow into a permanent drainage system. Based on the slug
test results we recommend average hydraulic conductivities for wells screened in Soil Unit 3, sand and silty
sand, 9.0 x 10° to 8.3 x 10 centimeters per second (0.3 to 2.4 feet per day).

Temporary Construction Dewatering

Because construction will likely extend below the water table, temporary construction dewatering to
maintain suitable working conditions in the excavation will be required. Water collected and discharged
during construction will include surface water from precipitation and groundwater and may include
process water from construction activities. For excavations to approximately an elevation of 75 feet,
groundwater inflow is expected to be minimal and we expect that groundwater can be managed using
trenches and sumps. For excavations deeper than an elevation of 75 feet, we recommend active
dewatering during construction. We expect that the most efficient dewatering system will be a vacuum
wellpoint system installed through the shoring system into saturated sands.

Our field testing and analysis results indicate that groundwater discharge during temporary construction
dewatering could be on the order of 25 to 100 gallons per minute for an excavation to an elevation of 60
feet. Stormwater and process water are not included in this estimate and would generate additional
water.

The amount of water discharged from the site depends on many factors including design and operation of
the dewatering system (if applicable), the excavation depth and extent, and the variability in soil and
groundwater properties. Rainfall, surface water, and groundwater from adjacent utility trenches can
significantly increase short-term water discharge rates. Also, the time of year and nearby construction
dewatering activities can affect groundwater flows.

Permanent Drainage

We modeled groundwater using the results of our field testing and the excavation footprint. Using the
modeling results, we estimate that the average, long-term drainage rates for a subsurface drainage system
are on the order of 10 to 25 gallons per minute. Based on this low discharge rate, it should be feasible to
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construct the basement with a permanent drainage system, so that the structure does not have to be
designed for hydrostatic groundwater pressure or as a “bathtub.” Limited waterproofing, such as
bentonite panels, may be desirable at below-grade stairwells, elevator shafts, equipment rooms, and in
any below grade occupied spaces to reduce seepage potential at the concrete joints. Additional
recommendations for permanent drainage are provided below.

Walls Placed Against Shoring

Drainage board (e.g., Miradrain 6100) should be placed full coverage across the shoring wall below an
elevation of 75 feet. Above an elevation of 75 feet, drainage panel coverage may be reduced to
2-foot-wide strips placed in between the soldier piles and up to the ground surface. The drainage board
should be connected to a collector pipe and conveyed to a suitable discharge point.

Slabs-on-Grade

B Slab-on-grade floors should be underlain by a drainage layer consisting of at least 12 inches of free-
draining material. We recommend gravel backfill for drains as noted in
WSDOT SS Section 9-03.12(4).

B Drainage layer material should be submitted to Hart Crowser for gradation analysis and approval.
B Perimeter and cross drains should be placed at the bottom of the drainage layer.

B Cross drains should be spaced no more than 30 feet apart and perimeter drains should extend around
the perimeter of the building. The cross drains and the perimeter drains should be tied together and
sloped to drain to a suitable discharge point.

B A layer of polyethylene sheeting should be used to protect the drainage layer from concrete as the
floor slab is poured.

B Drainage material should be compacted to 90 percent of maximum dry density as determined by the
Modified Proctor Method, ASTM D 1557.

Backfilled Walls

Walls with soil backfilled on only one side will require drainage or they must be designed for full
hydrostatic pressure. We recommend the following:

B Backfilling should be done with a minimum thickness of 18 inches of free-draining sand or sand and
gravel that is well-graded (i.e., that has a wide range in particle size).

B Drains should be installed behind any backfilled subgrade walls. The drains, with cleanouts, should
consist of perforated pipe a minimum of 4 inches in diameter placed on a bed of, and surrounded by,
at least 6 inches of free-draining sand or sand and gravel. The drains should be sloped to carry the
water to a sump or other suitable discharge.

B The backfill should be continuous and should envelop the drainage behind the wall.
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The drainage fill surrounding the pipe should be compatible with the size of the holes in the pipe.

Final Site Drainage

B The site should be graded in such a way that surface water will not pond near the structures.

B Roof drains should not be connected to the subgrade drainage system and should be sloped and
tightlined to a suitable outlet away from the proposed building.

Pavement Areas

The pavement areas should be graded in such a way that surface water will not pond and will drainto a

suitable outlet.

GEOTECHNICAL RECOMMENDATIONS FOR CONSTRUCTION

Soldier Pile Installation

Installation methods should minimize caving soils or loosening of soil at the bottom of the drilled shaft
which can reduce the bearing capacity in the zone of disturbed soil. Groundwater increases the
chances of soil disturbance.

Tieback de-tensioning and shoring failure could occur if bearing capacity is inadequate and soldier piles
settle under the vertical component of the inclined tieback load. We recommend that a Hart Crowser
representative closely monitor soldier pile installation for these conditions so construction methods
can be adjusted accordingly.

The contractor should be prepared to case the soldier pile holes where loose soils or groundwater
seepage could cause loss of ground. Fill soils can be especially prone to caving and may require casing.
The actual need for casing should be determined in the field at the time of installation.

If the shaft excavation contains water or slurry, the contractor should tremie concrete to the bottom
of the hole. Lean mix, concrete, and controlled density fill should not be end-dumped through water
orslurry.

The contractor should be prepared to excavate the soldier piles in a manner that prevents heave or
boiling at the bottom of the soldier pile excavation. It may be possible to over-drill the borehole and
backfill the bottom of the borehole with structural concrete bearing on undisturbed soil.

Drilling mud should not be used unless reviewed and approved by Hart Crowser and the structural
engineer.

Soldier pile shoring construction may be difficult if cobbles or loose sand and gravel are encountered in
the excavation. If these conditions are encountered, substantial soil raveling could occur. If raveling
soils are encountered, we recommend shaft construction methods such as slurry or temporary casing
be used to minimize raveling and loss of soil.
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Lagging Installation

Prompt and careful installation of lagging, particularly in areas of seepage and loose soil, is important
to maintain the integrity of the excavation. The contractor should be prepared to place lagging in small
vertical increments and should also be prepared to backfill voids caused by ground loss behind the
shoring system. The proper installation should be the responsibility of the shoring contractor to
prevent soil failure or sloughing and loss of ground, and to provide safe working conditions.

Voids greater than 1 inch should be backfilled with sand, pea gravel, or a porous slurry. The void
spaces progressively as the excavation deepens. The backfill must not allow potential hydrostatic
pressure buildup behind the wall. Drainage behind the wall must be maintained or hydrostatic water
pressure should be added to the recommended lateral earth pressures.

If there is a slope above the wall, extra lagging should be installed above the shoring wall to provide a
partial barrier for material that could ravel down from the slope face and fall into the excavation.

Tieback Installation

Structural grout should be pumped into the anchor zone using a grout hose or tremie hose placed at
the bottom of the anchor.

The portion of the tieback in the no-load zone should be filled with a non-cohesive mixture of sand-
pozzolan-water or equivalent; or, a bond breaker such as plastic sheathing or a PVC pipe should be
installed around the tie rods within the no-load zone.

Tiebacks should be grouted and backfilled immediately after placing the anchor. To prevent collapse of
the holes, ground loss, and surface subsidence, anchor holes should not be left open overnight.

Care should be taken not to mine out large cavities in granular soil.

Continuous cutting return should be maintained if pneumatic drilling techniques are used, so that air
pressure is not channeled to nearby utility vaults, corridors, or subgrade slabs, which may be damaged
by air pressure.

Anchors should be installed to minimize ground loss and previously installed anchors should not be
disturbed. During tieback drilling, wet or saturated zones may be encountered and caving or blow-in
could occur. Drilling with a casing may reduce the potential for these conditions and ground loss.

Tiebacks should be tested to confirm the appropriateness of the anchor design values and to verify
that a suitable installation is achieved. The recommended procedures for verification and
proof-testing are provided below.

Recommendations for Tieback Testing

The tieback anchor testing program should include verification testing of select tiebacks and proof testing
of all production tiebacks. We recommend that tieback testing be done in general accordance with the
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recommendations in the publication Recommendations for Prestressed Rock and Soil Anchors by the Post
Tensioning Institute (PTI 2004) and the recommendations below.

Verification Tests

We recommend a minimum of two verification tests per soil type before installation of production anchors
to validate the design pullout value. Hart Crowser will select the testing locations with input from the
shoring subcontractor. Hart Crowser or shoring designer may require additional verification tests when
creep susceptibility is suspected or when varying ground conditions are encountered.

Verification tiebacks should be installed by the same methods and personnel, using the same material and
equipment, as the production tiebacks; Hart Crowser will determine whether deviations require additional
verification testing. At least two successful verification tests should be performed for each installation
method and each soil type.

Verification tests load the tieback to 200 percent of the DL and include a 60-minute hold time at 150
percent of the DL. The tieback DLs will be on the shoring drawings. The tieback load should not exceed 80
percent of the steel’s ultimate tensile strength. Verification test tiebacks should be incrementally loaded
and unloaded using the schedule in Table 6.

Table 6 — Tieback Verification Test Schedule

Load Level Hold Time

Alignment load Until stable
0.25DL 10 min
0.5DL 10 min
0.75DL 10 min
1.0DL 10 min
1.25DL 10 min
1.5DL 60 min
1.75DL 10 min
2.0DL 10 min

The alignment load should be the minimum load required to align the testing assembly and should be less
than 5 percent of the DL. The dial gauge should be zeroed after the alignment load has stabilized. Perform
a creep test at 1.5DL by holding the load constant to within 50 psi and recording deflections at 1, 2, 3, 5, 6,
10, 20, 30, 50, and 60 minutes.

The acceptance criteria for a verification test are:

B The creep rate at 1.5DL is less than 0.08 inches between 6 and 60 minutes and the creep rate is linear
or decreasing during the creep test;

B The total tieback displacement is greater than 80 percent of the theoretical elastic elongation of the
design unbonded length plus the jack length; and
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B The anchor does not pull out under repeated loading.

Proof Tests

Proof tests load the tieback to 1.33DL and include a 10-minute hold time at 1.33DL. The tieback DLs should
be on the shoring drawings. The tieback load should not exceed 80 percent of the steel’s ultimate tensile
strength. Proof tests should be incrementally loaded and unloaded using the schedule in Table 7.

Table 7 — Tieback Proof Test Schedule

Load Level Hold Time
Alignment load Until stable
0.25DL 1 min
0.5DL 1 min
0.75DL 1 min
1.0DL 1 min
1.33DL 10 min

The alignment load should be the minimum load required to align the testing assembly and should be less
than 5 percent of the design load. The dial gauge should be zeroed after the alignment load has stabilized.

The load should be held constant to within 50 psi and deflections recorded at 1, 2, 3, 5, 6 and 10 minutes.
If the tieback deflection between 1 and 10 minutes at 1.33DL exceeds 0.04 inches, the load should be held
for an additional 50 minutes and deflections recorded at 20, 30, 50, and 60 minutes.

The acceptance criteria for a proof test are:

B  The creep rate at 1.33DL is less than 0.04 inches between 1 and 10 minutes or less than 0.08 inches
between 6 and 60 minutes and the creep rate is linear or decreasing during the creep test;

B The total tieback displacement is greater than 80 percent of the theoretical elastic elongation of the
design unbonded length plus the jack length; and

B The anchor does not pull out under repeated loading.

Shoring Monitoring

A shoring monitoring program provides early warning if the shoring does not perform as expected. The
monitoring program should include a preconstruction survey, periodic surveys during construction, and a
post-construction survey.

Preconstruction Survey

A preconstruction survey documents the condition of existing streets, utilities, and buildings. The survey
should include video and/or photographic documentation. The size and location of existing cracks in
streets and buildings should receive special attention and may be monitored with a crack gauge.
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Construction Survey

We recommend adjacent building surveys and optical survey be included in the shoring monitoring
program during construction. If there are sensitive structures/utility vaults adjacent to the excavation, an
inclinometer survey may also be a prudent addition to the monitoring program.

All monitoring data should be submitted to Hart Crowser for weekly review. The data will be included in
our field transmittals to the project team during construction. Details of our expectations for shoring
monitoring are included below.

Adjacent Building Surveys. We recommend that adjacent buildings be surveyed before, during, and after
construction. The pre-construction survey will establish the baseline of existing conditions (e.g., identifying
the size and locations of any cracks). The surveys should consist of a videotape and/or photographs of the
interior and exterior of adjacent buildings and detailed mapping of all cracks. Any existing cracks could be
monitored with a crack gauge.

Optical Surveying. We recommend optical surveys of horizontal and vertical movements of: (1) the
surface of the adjacent streets, (2) buildings on and adjacent to the site, and (3) the shoring system itself.
The contractor, in coordination with the geotechnical engineer, should establish two reference lines
adjacent to the excavation at horizontal distances back from the excavation face of about 1/3 Hand H,
where H is the final excavation height. Typically, these lines will be established near the curb line and
across the street from the excavation face. The points on the adjacent buildings can be set either at the
base or on the roof of the buildings.

Shoring system monitoring should include measuring vertical and horizontal movement at the top of every
other soldier pile, and any geotechnical instrumentation (e.g., inclinometers) used for the project.

The measuring system for the shoring monitoring should have an accuracy of at least 0.01 foot. All
reference points on the ground surface should be installed and read before excavation begins. The
frequency of readings will depend on the results of previous readings and the rate of construction. At a
minimum, readings on the external points should be taken twice a week through construction until below-
grade structural elements (floors, decks, columns, etc.) are completed, or as specified by the structural and
geotechnical engineers. Readings on the top of soldier piles and the face of existing buildings on or
adjacent to the property should be taken at least twice a week during this time. We recommend that an
independent surveyor hired by the owner to record the data at least once per week with the other reading
taken by the surveyor or contractor.

Inclinometer. In the event there are adjacent structures or utilities in which the design team and/or
permit conditions require additional observations using inclinometers, we recommend installing at least
one inclinometer casing behind each shoring wall. The final number and location of the casings should be
coordinated with Hart Crowser and the contractor. Hart Crowser can install the casings behind the shoring
using a subcontracted driller; or the shoring contractor may install the inclinometer casings. We
recommend inclinometer surveys at least once per week during shoring construction. After the perimeter
footing has been placed and cured, Hart Crowser may elect to reduce the inclinometer survey frequency.
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Post-Construction Survey

A post-construction survey includes reviewing the preconstruction survey and comparing it to
post-construction conditions. The survey should include video and/or photographic documentation.
Changes in the number, size and location of cracks in streets and buildings should be given special
attention.

Foundation Construction

Hart Crowser should observe exposed subgrades before footing construction begins to confirm design
assumptions about subsurface conditions and subgrade preparation. Exposed subgrade soil that is not firm
and unyielding, or that is otherwise considered inadequate by Hart Crowser, will need to be
over-excavated and replaced with structural fill or CDF.

Hart Crowser should observe any ground improvement placement (overexcavation and replacement
and/or aggregate pier installation).

The exposed subgrade should be carefully prepared and protected before concrete placement. Any
loosening of the materials during construction could result in more settlement. It is important that
foundation excavations be cleaned of loose or disturbed soil before placing any concrete and that there is
no standing water in any foundation excavation. These conditions should be observed by our
representative.

Maintain groundwater levels at least 2 feet below the base grade of the footing excavation at all times to
prevent the risk of heave, piping, boiling, and other loss or disturbance of subgrade material. This
groundwater level should be maintained until after the footing steel and concrete are placed.

Any loose or soft soils that occurs naturally or is disturbed during construction should be overexcavated
and replaced with structural fill for footings. Any visible organic and other unsuitable material should be
removed from the exposed subgrade.

It may be necessary to place a 2-inch to 4-inch-thick lean or structural concrete mat in footing excavations
to protect subgrade soil from being softened by water or construction activities after it is exposed.
Concrete may only be placed after the geotechnical engineer has checked the subgrade. Lean mix concrete
should be in accordance with WSDOT SS Section 6-02.3(2)D.

Earthwork

Site Preparation and Grading

We recommend conducting all site grading, paving, and any utility trenching during relatively dry weather
conditions.

It may be necessary to relocate or abandon some utilities. Excavation of these utility lines will probably
occur through backfill. Abandoned underground utilities should be removed or completely grouted. Ends
of remaining abandoned utility lines should be sealed to prevent piping of soil or water into the pipe. Soft

19413-00
November 3, 2020



20 | Multi-Family Development

or loose backfill should be removed, and excavations should be backfilled with structural fill. Coordination
with the utility agency is generally required.

Structural Fill

Backfill placed within the building area or below paved areas should be considered structural fill. We
recommend the following for structural fill:

B For imported soil to be used as structural fill, a clean, well-graded sand or sand and gravel with less
than 5 percent by weight passing the No. 200 mesh sieve (based on the minus 3/4-inch fraction)
should be used. Compaction of soil containing more than approximately 5 percent fines may be
difficult if the material is wet or becomes wet during rainy weather.

m  All structural fill should be placed and compacted in lifts with a loose thickness no greater than 10
inches. For hand-operated “jumping jack” compactors, loose lifts should not exceed 6 inches. For small
vibrating plate/sled compactors, loose lifts should not exceed 3 inches.

W All structural fill should be compacted to at least 95 percent of the modified Proctor maximum dry
density (as determined by ASTM D1557 test procedure).

B The moisture content of the fill should be controlled to within 2 percent of the optimum moisture.
Optimum moisture is the moisture content corresponding to the maximum Proctor dry density.

B In wet subgrade areas, clean material with a gravel content of at least 30 to 35 percent may be
necessary. Gravel is material coarser than a US No. 4 sieve.

B Before filling begins, samples of the structural and drainage fill should be provided for laboratory
testing. Laboratory testing will include a Proctor test and gradation for structural fill and a gradation
for drainage fill. Field testing with a nuclear density gauge uses the maximum dry density determined
from a Proctor test so it is important to complete the laboratory testing as soon as possible so
backfilling is not delayed.

Use of On-Site Soil as Structural Fill

Our explorations indicated that the near-surface site soil includes silty sand, silt, and clay; we do not
recommend using these soils for structural fill. The deeper sand and gravel soils may be used, but they are
likely to contain more than 5 percent fines; they will be moisture-sensitive and could be difficult to
compact in wet weather.

Temporary Cuts

Because of the variables involved, actual slope grades required for stability in temporary cut areas can only
be estimated before construction. We recommend that stability of the temporary slopes used for
construction be the sole responsibility of the contractor, since the contractor is in control of the
construction operation and is continuously at the site to observe the nature and condition of the
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subsurface. Excavations should be made in accordance with all local, state, and federal safety
requirements.

For planning purposes, the soils across the site are likely OSHA Soil Classification Type C; however, the soil
classification must be reevaluated at the time of construction.

The stability and safety of open trenches and cut slopes depend on a number of factors, including:
B Type and density of the soil;

B Presence and amount of any seepage;

B Depth of cut;

B Proximity of the cut to any surcharge loads near the top of the cut, such as stockpiled material, traffic
loads, or structures;

B Duration of the open excavation; and

B Care and methods used by the contractor.

Considering these factors, we recommend:

B Using plastic sheeting to protect slopes from erosion; and

B Limiting the duration of open excavations as much as possible.

RECOMMENDATIONS FOR CONTINUING GEOTECHNICAL
SERVICES

Before construction begins, we recommend that Hart Crowser continue to meet with the design team as
needed to address geotechnical questions that may arise throughout the remainder of the design and
permitting process. We also recommend that Hart Crowser review the project plans and specifications to
confirm that the geotechnical engineering recommendations have been properly interpreted.

During construction, we recommend that Hart Crowser be retained to perform the following tasks:
B Review contractor submittals;
B Observe shoring installation;

B Observe general excavation, over-excavation, all backfill and testing, ground improvement, and
foundation installations;

B Observe foundation drainage installation;
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B Perform other observations as required by the City of Mercer Island Planning Department and the
building permit conditions;

B Attend meetings, as needed; and
B Provide geotechnical engineering support that may arise during construction.
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Recommended Lateral Earth Pressures
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4. Passive pressure acts over 2.5 times the concreted diameter of the soldier pile or the the pile
spacing, whichever is less. H,
5. Apparent earth pressure, active earth pressure, and surcharge act over the pile spacing above the H ..
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. Active pressure acts over the pile diameter below the excavation. z
7. Additional surcharge from footings, large stockpiles, heavy equipment, etc., must be added to these ABC, ..
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8. Al dimensions areinfeet. . TTTmTT
9. Diagrams are not to scale. A 4
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Earth Pressure Factors, See Table
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1. Lateral pressures from adjacent structures should be added to lateral pressures on Figures 7 and 9.
2. Wall footings acting other than parallel to the excavation can be treated as series of discrete point

3. Contact Hart Crowser for surcharge recommendations, if necessary.

a, B Radians

K; |Conditions

0.35 | Active earth pressure on a flexible wall (e.g., shoring)

05 At-rest conditons, where surcharge loads exist prior to
’ excavation

10 At-rest conditions, where surcharge loads are applied
: after construction on permanent wall
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* The same earth pressure distributions
determined for temporary shoring should be
used for permanent walls constructed against
shoring (See Figure 7).

Notes

1. All pressures are in units of pounds per square foot.

2. Diagrams do not include surcharge loading due to
adjacent structures; see Figure 8.

3. Diagrams not to scale.
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Groundwater table
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MEMORANDUM
DATE: December 12, 2014
TO: Hines
FROM: Angie Goodwin, LHG
Roy Jensen, LHG
RE: Summary of Mercer Island Multi-Family Development Slug Test Results
Mercer Island, Washington
17984-01

This technical memorandum presents the results of slug testing that was conducted for the Mercer
Island Multi-Family Development in Mercer Island, Washington. The development is located on the
northwest corner of the intersection of SE 29" Street and 78™ Avenue SE. We understand that current
development plans include one to two stories of below grade parking and five levels of housing and
mixed-use space plus rooftop mechanical equipment. Slug tests were performed to determine hydraulic
conductivity of formation for use in estimating flow rates during dewatering.

Slug tests are performed by suddenly inserting or removing a solid PVC rod in a well and measuring the
recovery of the water levels during the test. A test conducted by the insertion of the PVC rod into the
well is referred to as a falling head test and the following removal of the rod is called a rising head test.
The water level data generated from the tests were analyzed using the commercial software Aquiferin32
Version 3 (Environmental Simulations, Inc., 2003). The slug test analysis is based on the Bouwer and
Rice method (Bouwer and Rice 1976; Bouwer 1989) to obtain an estimated value of hydraulic
conductivity of the aquifer.

Slug Testing Results

Slug testing was conducted in wells HC-1, HC-2, ABPB-M3, and Terra-B1 on November 17, 2014. A
summary of monitoring well construction details is provided in Table 1. Shallow soils at the project site
consist of Fill, silty Sand, and Silt units. The wells were screened in two stratigraphic units and are
summarized below:

m  HC-1 was screened in the Silt and silty Sand units;
m  HC-2 was screened in the silty Sand unit;

1700 Westlake Avenue North, Suite 200
Seattle, Washington 98109-6212
Fax 206.328.5581

Tel

206.324.9530



Hines 17984-01
December 12, 2014 Page 2

m  ABPB-M3 boring log did not identify the screened interval, but it was assumed the well was
screened in the Silt and silty Sand units; and
m  Terra-B1 was screened in the Silt unit.

A summary of slug testing results is provided in Table 2. The slug test plots are provided as Figures 1
through 6. Multiple sets of falling and rising head tests were performed on each well. The results of the
falling and rising head tests compare favorably. Average hydraulic conductivities determined from slug
tests range from 9.0 x 10 to 8.3 x 10™* cm/sec (0.3 to 2.4 feet/day). This hydraulic conductivity range is
typical for silt and silty sand (Freeze and Cherry 1979).

References

Bouwer H. 1989. The Bouwer and Rice Slug Test — An Update. Ground Water 27(3): 304-309.

Bouwer H. and R.C. Rice 1976. A Slug Test for Determining Hydraulic Conductivity of Unconfined
Aquifers with Completely or Partially Penetrating Wells. Water Resources Research 12(3): 423-428.

Environmental Simulations, Inc. 2003. Guide to Using AquiferV"32 Version 3.

Freeze, R.A. and J.A. Cherry 1979. Groundwater. Prentice-Hall, Englewood Cliffs, New Jersey.

Attachments:

Table 1 — Monitoring Well Construction Summary
Table 2 — Summary of Slug Test Results

Figure 1 — HC-1 and HC-2 Hydrographs

Figure 2 — ABPB-M3 and Terra-B1 Hydrographs

Figure 3 — HC-1 Representative Slug Tests Results
Figure 4 — HC-2 Representative Slug Tests Results
Figure 5 — ABPB-M3 Representative Slug Tests Results
Figure 6 — Terra-B1 Representative Slug Tests Results
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Table 1 - Monitoring Well Construction Summary

Well ID HC-1 HC-2 ABPB-M3 Terra-B1
Boring Depth in Feet 41.5 41.5 26.5 31
Well Depth in Feet 40 39 25 17
Screen Interval Depth in Feet 20 to 40 29to 39 NA 71017
Depth to Sediment in Feet (1) 39.95 36.74 23.10 16.54
Depth to Water in Feet (1) 5.38 5.43 2.75 8.71
Saturated Thickness in Feet 35 31 20 8
Screened Interval Soil Description ML - SM SM ML - SM ML

Notes:

(1) Depth to sediment and depth to water was measured on November 17, 2014.

SM = Silty SAND
ML = Sandy SILT
NA = Data not available.

Hart Crowser
1798401\Slug Test Tables and Figures.xIsx - Table 1



Table 2 - Summary of Slug Test Results

Bouwer and Rice

Well ID Test Type [ Test Number K in ftiday K in cm/sec
Falling Head Test1 0.3 1.1E-04
Rising Head Test 1 0.4 1.4E-04
Falling Head Test 2 0.3 1.2E-04
Rising Head Test 2 0.4 1.5E-04
HC-1 Falling Head Test 3 04 1.5E-04
Rising Head Test 3 0.4 1.5E-04
Falling Head Test 4 0.4 1.4E-04
Rising Head Test4 0.4 1.5E-04
Average 0.4 1.4E-04
Falling Head Test1 2.4 8.4E-04
Rising Head Test1 2.6 9.2E-04
Falling Head Test 2 2.1 7.5E-04
Rising Head Test 2 2.2 7.7E-04
HC-2 Falling Head Test 3 2.6 9.3E-04
Rising Head Test 3 24 8.6E-04
Falling Head Test4 1.9 6.6E-04
Rising Head Test 4 2.7 9.4E-04
Average 2.4 8.3E-04
Falling Head Test 1 1.8 6.3E-04
Rising Head Test1 1.8 6.2E-04
Falling Head Test 2 1.8 6.5E-04
Rising Head Test 2 1.9 6.6E-04
ABPB-M3 | Falling Head Test 3 1.6 5.7E-04
Rising Head Test 3 1.9 6.8E-04
Falling Head Test 4 1.9 6.7E-04
Rising Head Test 4 2.1 7.3E-04
Average 1.8 6.5E-04
Falling Head Test1 0.2 5.7E-05
Rising Head Test1 0.5 1.8E-04
Falling Head Test 2 0.1 3.1E-05
Rising Head Test 2 0.3 1.2E-04
Terra-B1 Falling Head Test 3 0.2 5.3E-05
Rising Head Test 3 0.3 1.1E-04
Falling Head Test 4 0.2 6.5E-05
Rising Head Test4 0.3 1.0E-04
Average 0.3 9.0E-05

Hart Crowser

1798401\Slug Test Tables and Figures.xIsx - Table 2
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APPENDIX A

Field Exploration Methods and Analysis

This appendix documents the processes Hart Crowser used to determine the nature of the soils at the
project site, and discusses:

B Explorations and their locations;
W Auger borings; and

B Standard Penetration Test procedures.

Explorations and Their Locations

The exploration logs in this appendix show our interpretation of the drilling, sampling, and testing data.
These logs indicate the approximate depth where the soils change. Note that the soil changes may be
gradual and may vary in depth across the site.

In the field, we classified the soil samples according to the methods shown on Figure A-1 - Key to
Exploration Logs. This figure also provides a legend explaining the symbols and abbreviations used on the
logs.

Explorations were located with a measuring tape from existing physical features. Elevations are referenced
to the North American Vertical Datum of 1988 (NAVDS88) and were estimated from the provided
topographic survey.

Auger Borings

Borings were drilled with a 5.5-inch-inside-diameter, hollow-stem auger and were advanced with a
truck-mounted drill rig subcontracted by Hart Crowser. The drilling was continuously observed by a
geologist from Hart Crowser. A detailed field log was prepared for the boring. Using the Standard
Penetration Test (SPT), we obtained samples at minimum 5-foot intervals.

Standard Penetration Test Procedures

The SPT is an approximate measure of soil density and consistency. To be useful, the results must be
interpreted in conjunction with other tests. The SPT (as described in ASTM D 1586) was used to obtain
disturbed soil samples.

This test employs a standard 2-inch-outside-diameter, split-spoon sampler. Using a 140-pound
autohammer, free-falling 30 inches, the sampler is driven into the soil for 18 inches. The number of blows
required to drive the sampler the last 12 inches 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.

19413-00
November 3, 2020
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Soil samples were recovered from the split-spoon sampler, field classified, and placed into watertight jars.
They were 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 follows:

Penetration less than 6 inches. The log indicates the total number of blows over the number of inches of
penetration.

Penetration greater than 6 inches. The blow count noted on the log is the sum of the total number of
blows completed after the first 6 inches of penetration. This sum is expressed over the number of inches
driven that exceed the first 6 inches. The number of blows needed to drive the first 6 inches are not
reported. For example, a blow count series of 12 blows for 6 inches, 30 blows for 6 inches, and 50 (the
maximum number of blows counted within a 6-inch increment for SPT) for 3 inches would be recorded
as 80/9.

Monitoring Well Installation

After drilling, monitoring wells were installed in HC-1 and HC-2 for groundwater level monitoring and slug
testing.

Two-inch-diameter Schedule 40 PVC riser pipe and two-inch-diameter 0.020-inch machine-slotted screen
were used for the well casings and screens. The well screen and casing riser were lowered down through
the open hole. Well seals were constructed by placing bentonite chips in the annular space on top of the
filter sand to within 3 feet of the ground surface. The remaining annular space was backfilled with concrete
to complete the surface seal. The monitoring well construction details are illustrated on the boring logs.

The monitoring wells were installed in accordance with Washington State Department of Ecology
regulations.

19413-00
November 3, 2020



KEY SHEET 1798401-BL.GPJ HC_CORP.GDT 5/1/15

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, Safll? y,tgr)ave Y 2 . 20
logs. Standard Standard Approximate ery (clayey, silty, etc. )
SRND or GRAVEL Ppenetration 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 05 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
X1 1.5"1.D. Split Spoon B Grab (Jar) A\ 3.0" 1.D. Split Spoon PP Pocket Penetrometer
|:[| Shelby Tube (Pushed) IZI Bag Approximate Compressive Strength in TSF
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
. q iquid Limi
GRAVEL GRAVELs |9 0q GW év,iiiﬁ%%ﬁgmﬁségwb Il;llgtlﬂ(rjall_lmlt
AND D T% Plastic Limit
GRAVELLY ° POORLY-GRADED GRAVELS,
SoiLs (LITTLE ORNO FINES) o (1\° Q" GP | GRAVEL. SANDMXTURES, LiTTLE PID  Photoionization Detector Reading
COARSE 2\ i CA  Chemical Analysis
Gggllr\ngD M%RFEJS':QS?% GRA\'/:IIE,\I‘_SSWITH ° Bo ,\° GM S:H\RA(EXBFABVREELSS,GRAVEL-SAND- DT In Situ Density in PCF
FRACTION DRI 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
,\ggRMEA-?é/é{,I\kfolus/o SAANNDD SANDS, LITTLE OR NO FINES v 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 ? 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 | VS FIRE SANDS OF GLAYEY Sample Type Sample Recovery
SILTS WITH SLIGHT PLASTICITY _\
SILTS LQUD LT MEDILM PLASTIGHY, GRAVELLY
FINE AND , 12
GRAINED CLAYS LESS THAN 50 CL (LZIE.:’\GSéLS:ySDY CLAYS, SILTY CLAYS, 8'1 23
SOILS (esszz 50/3"
] oL | EestRARmRe Sanple 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 | FEmsmscssRTe, HARTCROWSER
17984-01 11/14
HIGHLY ORGANIC SOILS PT | P e S WITH Figure A-1

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS



NEW BORING LOG 1798401-BL.GPJ HC_CORP.GDT 5/1/15

Boring Log HC-1

Location: 47.584459, -122.234890

Approximate Ground Surface Elevation: 83 Feet
Horizontal Datum: WGS84

Vertical Datum: NAVD88

Drill Equipment: HSA (Diedrich D50)

Hammer Type: Auto-Trip

Hole Diameter: 8 inches

Logged By: M. Smith  Reviewed By: M. Veenstra

STANDARD LA
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+
[ _ 1 L _6inches of Sod and Topsoil. Flush mount : : : : :
ML = — —— —— U= monument =
Stiff, damp, brown, slightly sandy SILT, trace
gravel (FILL?) - Concrete 3 T
- Bentonite ~ S-1 g L
L chips L
L S-2 2L
ML [T|] Soft, damp, iight gray, sandy SILT. | L L
—10 1
L S-3 ;oF
~ NC T[T|TV Very stiff to hard, damp fo moist, gray, | ° S 8
slightly gravelly, sandy SILT (Interbedded silt [ 14 [
and sand). - -
Gravelly drill action. - _— :
B “110-20 silica - :
—20 .4 |sand 4 ; ;
- =, |Screened 2" S-5 & F 4
L ‘H|PVC L. :
—25 2_5 8 : : : : :
- 2 SONE F]
[ SM [T]] Medium denseto very dense, moist to wet, |- g= L : :
111 gray, silty SAND, trace gravel. L . L : :
—30 ?—E 0 : :
, L s S-7 2oL : ,<
.:: 1> Gravelly drill action. i § i : .
kg | s Q2 .
- Silt and sand interbeds. | = S8 gg |
—40 8
L % S-9 ;g L

Bottom of Boring at 41.5 Feet.
Started 11/13/14.
Completed 11/13/14.

Ecology Well Tag #BIJ-504

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

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 17984-01 11/14

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

with time.



NEW BORING LOG 1798401-BL.GPJ HC_CORP.GDT 5/1/15

Boring Log HC-2

Location: 47.584729, -122.234870 Drill Equipment: HSA (Diedrich D50)
Approximate Ground Surface Elevation: 83 Feet Hammer Type: Auto-Trip
Horizontal Datum: WGS84 Hole Diameter: 8 inches
Vertical Datum: NAVD88 Logged By: M. Smith Reviewed By: M. Veenstra
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+
ML 2 inches of crushed Gravel (FILL) over stiff to Flush mount : : : : :
medium stiff, damp, gray-brown SILT. B monument B
- Concrete 4 [ . .
PT |, ;| 6-inch Peat layer. i Bentonite -1 A :
ML Medium stiff, damp to moist, light gray, L chips L. /
slightly sandy SILT. | 5 3
L S-2 S
—10 3
L S-3 3
ML T|T]] Very soft, moist, gray, slightly sandy SILT. ~ |
—15 0
L S-4 0
g
B 10
silty SAND, trace gravel. S-5 10 [
Gravelly drill action. __25 S6 ?g B : :
B " 7110-20 Silica o . : :
—30 . sand 9
= “H |Screened 2" S-7 1oL . . .
- ~g.|PVC L 1 : :
A= e : : :
—35 -H 0 . 5 5 5
ATD |-H : : :
- g8 S-8 (1)4 . < . .
L1 > Gravelly drill action. i =0 C \
—40 8 . . . .
_ _ ‘ s-9 2 | : NG
Moist, gray, slightly gravelly, slightly sandy 21 . .
SILT. [ - : )
Bottom of Boring at 41.5 Feet. r r
Started 11/12/14. = =

Completed 11/12/14. —45

0 20 40 60 80 100+
® Water Content in Percent
Ecology Well Tag #BIJ-503

HARTCROWSER

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 17984-01 11/14
supported by laboratory testing (ASTM D 2487). Fi A-3
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary igure A-

with time.



NEW BORING LOG 1798401-BL.GPJ HC_CORP.GDT 5/1/15

Boring Log HC-3

Location: 47.585134, -122.234493

Approximate Ground Surface Elevation: 83 Feet
Horizontal Datum: WGS84

Vertical Datum: NAVD88

Drill Equipment: HSA (Diedrich D50)

Hammer Type: Auto-Trip

Hole Diameter: 8 inches

Logged By: M. Smith  Reviewed By: M. Veenstra

STANDARD LA
PENETRATION RESISTANCE TESTS

USCS Graphic . L. Depth
Class Log Soil Descriptions in Feet Sample a Blows per Foot
0 0 10 20 30 40 50+
ML 1 8 inches of Asphalt Concrete Pavement. M : : : : :
Soft, damp, gray-brown, slightly gravelly, :
sandy SILT. (FILL) B 2 [ .
L S-1 % LA
ML [T]] Medium stiff, moist, brown SILT, trace sand~ | - \
and gravel. (FILL) | 5 ) A
. _ | S-2 3 L.
ML | Medium stiff, moist to wet, gray SILT, trace 4
sand and gravel. B B
—10 ? 1
L S-3 g .
[ ML T|T|| Very soft to soft, moist, gray SILT, trace | :
sand. L :
—15 8 -
L S-4 ; X
—20 1 -
L S-5 ; L K
ML ||| Hard, moist, gray, slightly graveily, sandy | -
SILT. B o
—25 3
L S-6 13 L
|- SM TT]] Dense, wet, gray, silty SAND, trace gravel. ~ | -
30 Y 7
ATD
L S-7 ]; L
K —35 12 . . . . .
R 5 N R L S-8 i8 | - . . . \
ML TITIIS, Moist, gray SILT. A 2 : : : : :
Bottom of Boring at 36.5 Feet. B B
Started 11/12/14. B B
Completed 11/12/14. r -
—40
45 0 20 40 60 80 100+
® Water Content in Percent
re
AN
1. Refer to Figure A-1 for explanation of descriptions and symbols. HARTCRowsm
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 17984-01 11/14
supported by laboratory testing (ASTM D 2487). Fi A-4
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary igure A-

with time.



NEW BORING LOG 1798401-BL.GPJ HC_CORP.GDT 5/1/15

Boring Log HC-4

Location: 47.585142, -122.233965

Approximate Ground Surface Elevation: 88 Feet
Horizontal Datum: WGS84

Vertical Datum: NAVD88

USCS Graphic . L. Depth
Class Soil Descriptions in Feet
SM/ML [ TT-T 1.8 inches of Asphalt Concrete Pavement. M 0
11\ Very loose, damp to moist, silty, gravelly
11\ SAND and gravelly, sandy SILT. (FILL) B
Gravelly drill action. ~
ML ] \TeW foose, damp, gray, gravelly, sandy | >
SILT B
[ ML T|T|| Very stiff to hard, damp, light brown to gray, |-
slightly gravelly, sandy SILT. L
—10
Gravelly drill action. B
—15
—20
—25

| Hard to very stiff, moist, gray, sandy SILT
with interbedded sand and silt layers. Sand
layers wet, silt layers moist.

\Gravelly drill action.

Bottom of Boring at 41.5 Feet.
Started 11/12/14.
Completed 11/12/14.

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: HSA (Diedrich D50)

Hammer Type: Auto-Trip

Hole Diameter: 8 inches

Logged By: M. Smith  Reviewed By: M. Veenstra

STANDARD LA
PENETRATION RESISTANCE TESTS

Sample a Blows per Foot

0 10 20 30 40 50+
z21 - .
S 5 r T :
2 . .
S2 2 T K I
7
ss )i | N
o bt LN
~ 38 . . . . .
S-4 50/5"[ - . . . .\i
S-5 Eg/S.Ei . . . : I §
28
S-6 50/6"|
18
S-7 s
18 - - - - -
S8 | X\I% | | | }:
7 ; ; 5
S9 oL : /

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 17984-01 11/14
supported by laboratory testing (ASTM D 2487). Fi A-5
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary igure A-

with time.



Push Probe Log B-1

Location: Lat: 47.58453 Long: -122.2343
Approximate Ground Surface Elevation: 82 Feet
Horizontal Datum: WGS 84

Vertical Datum: NAVD88

USCS Graphic . L. Depth
Class Log Soil Descriptions in Feet
SP ++ 2 inches of Asphalt. . 0

(Loose), moist, gray-brown, slightly silty,
slightly gravelly SAND. (FILL)

ML T (Medium stiff to stiff), moist, gray-brown,
mottled, clayey SILT with fine sand pockets
and trace organic material.

PUSH PROBE LOG-ENV 1798400-PP.GPJ HC_CORP.GDT 5/1/15

—5
ML T|T|] (Soft to medium stiff), moist to wet, brown, |
sandy SILT.
v
ATD
—10
CL-ML (Soft), moist, gray, clayey SILT.
Bottom of Probe at 12.0 Feet.
Started 09/27/13.
Completed 09/27/13. |
—15

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

Drill Equipment: Push Probe
Sample Type: Acetate Liner
Hole Diameter: 2 inches

Logged By: W. McDonald Reviewed By: M. Veenstra

Sample

s2

ss B

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.

5. NS = No Sheen; SS = Slight Sheen; MS = Moderate Sheen; HS = Heavy Sheen

LAB
TESTS
& (PID)

I (<0.1) No
odor, NS

I (<0.1) No
odor, NS
PP=1.0
TSF

I (<0.1) No
odor, NS

HARTCROWSER

17984-00 9/13
Figure A-6




Push Probe Log B-2

PUSH PROBE LOG-ENV 1798400-PP.GPJ HC_CORP.GDT 5/1/15

5. NS = No Sheen; SS = Slight Sheen; MS = Moderate Sheen; HS = Heavy Sheen

Location: Lat: 47.58454 Long: -122.2345 Drill Equipment: Push Probe
Approximate Ground Surface Elevation: 82 Feet Sample Type: Acetate Liner
Horizontal Datum: WGS 84 Hole Diameter: 2 inches
Vertical Datum: NAVD88 Logged By: W. McDonald Reviewed By: M. Veenstra
LAB
USCS Graphic . L. Depth TEg-ers
Class Log Soil Descriptions in Feet Sample & (PID)
_2inches of Asphalt. 70 ]
SP :
(Loose to medium dense), moist, brown,
slightly silty, gravelly, fine to coarse SAND.
(FILL) B
S-1 % - (<0.1)
Slight odor,|
NS
ML |[[]] (Medium stiff to stiff), moist, gray, slightly i H
sandy SILT with trace organic material to
(soft to medium stiff), moist, gray to
red-brown, mottled, clayey SILT with fine
sand pockets. L5
S-2 % L (<0.1) No
odor, NS
PP=2.0
- TSF
v
Wet. ATD
S-3 % L (<0.1) No
odor, NS
PP=0.5
- 10 TSF
CL-ML (Soft), moist, gray, clayey SILT.
‘ Bottom of Probe at 12.0 Feet. ]
Started 09/27/13.
Completed 09/27/13. |
—15
re
AN
1. Refer to Figure A-1 for explanation of descriptions and symbols. I
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual. HARTCRowsm
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by laboratory testing (ASTM D 2487). 17984-00 9/13
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary .
with time. Figure A-7



Push Probe Log B-3

Location: Lat: 47.58477 Long: -122.2349
Approximate Ground Surface Elevation: 84 Feet
Horizontal Datum: WGS 84

Vertical Datum: NAVD88

Drill Equipment: Push Probe
Sample Type: Acetate Liner
Hole Diameter: 2 inches

Logged By: W. McDonald Reviewed By: M. Veenstra

PUSH PROBE LOG-ENV 1798400-PP.GPJ HC_CORP.GDT 5/1/15

USCS Graphic . L. Depth
Class Log Soil Descriptions in Feet
GP P 4inches of Gravel over (medium dense), 0

° D moist, brown-gray, slightly silty, sandy

D, | GRAVEL.

38 -
()

[=]

0O i
()

o

OO

ML (Soft), moist, red-brown, sandy SILT to black
organic SILT.

ML (Very stiff), moist, red-brown to gray, slightly
sandy, mottled SILT with scattered organic
material.

—5

ML (Stiff), moist, gray, laminated, slightly sandy
to sandy SILT. L

—10
) Bottom of Probe at 12.0 Feet.
Started 09/27/13.
Completed 09/27/13. |
—15

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.

5. NS = No Sheen; SS = Slight Sheen; MS = Moderate Sheen; HS = Heavy Sheen

Sample

s2

ss B

LAB
TESTS

- No odor,
NS

- No odor,
NS
PP=3.0
TSF

- No odor,
NS
PP=1.5
TSF

HARTCROWSER

17984-00 9/13
Figure A-8




Push Probe Log B-4

PUSH PROBE LOG-ENV 1798400-PP.GPJ HC_CORP.GDT 5/1/15

5. NS = No Sheen; SS = Slight Sheen; MS = Moderate Sheen; HS = Heavy Sheen

Location: Lat: 47.58468 Long: -122.2348 Drill Equipment: Push Probe
Approximate Ground Surface Elevation: 84 Feet Sample Type: Acetate Liner
Horizontal Datum: WGS 84 Hole Diameter: 2 inches
Vertical Datum: NAVD88 Logged By: W. McDonald Reviewed By: M. Veenstra
LAB
USCS Graphic . L. Depth TESTS
Class Log Soil Descriptions in Feet Sample
Zinches of sandy GRAVEL. 0 ]
ML (Soft), moist, brown, gravelly, sandy SILT.
(FILL)
S-1 % = No odor
PP=0.5
TSF
GP p (Loose), moist, gray to red-brown, sandy
SP )"O GRAVEL to fine to medium SAND.
(=]
ML (Stiff to very stiff), moist, red-brown to gray, ]
mottled SILT with scattered organic material.
—5
S-2 % = No odor
PP=2.5
TSF
CL-ML (Medium stiff to stiff), moist, blue-gray to
brown, clayey SILT to silty CLAY with
occasional laminated, slightly sandy silt
seams. L -
S-3 % = No odor
PP=1.5
TSF
—10
‘ Bottom of Probe at 12.0 Feet. ]
Started 09/27/183.
Completed 09/27/13. |
Approximately 4 feet of water observed in
hole after completion.
—15
re
AN
1. Refer to Figure A-1 for explanation of descriptions and symbols. I
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual. HARTCRowsm
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by laboratory testing (ASTM D 2487). 17984-00 9/13
4. ﬁi;%%?rg\év.ater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary Figure A-9



Push Probe Log B-5

Location: Lat: 47.5846 Long: -122.2346
Approximate Ground Surface Elevation: 81 Feet

PUSH PROBE LOG-ENV 1798400-PP.GPJ HC_CORP.GDT 5/1/15

5. NS = No Sheen; SS = Slight Sheen; MS = Moderate Sheen; HS = Heavy Sheen

Drill Equipment: Push Probe
Sample Type: Acetate Liner

Horizontal Datum: WGS 84 Hole Diameter: 2 inches
Vertical Datum: NAVD88 Logged By: W. McDonald Reviewed By: M. Veenstra
LAB
USCS Graphic . L. Depth TESTS
Class Log Soil Descriptions in Feet Sample
6 inches of SOD. 0 ]
No recovery.
s1 B
CL-ML (Stiff to very stiff), moist, blue-gray to ]
red-brown, mottled, clayey SILT to silty CLAY
with occasional fine sand seams.
—5
S-2 % - No odor
PP=2.0
TSF
S-3 % - No odor
PP=1.5
TSF
—10
‘ Bottom of Probe at 12.0 Feet. ]
Started 09/27/183.
Completed 09/27/13. |
—15
re
AN
1. Refer to Figure A-1 for explanation of descriptions and symbols. I
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual. HARTCRowsm
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by laboratory testing (ASTM D 2487). 17984-00 9/13
4. ﬁi;%%?rg\év.ater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary Figure A-10



Push Probe Log B-6

Location: Lat: 47.58482 Long: -122.2345
Approximate Ground Surface Elevation: 81 Feet

PUSH PROBE LOG-ENV 1798400-PP.GPJ HC_CORP.GDT 5/1/15

5. NS = No Sheen; SS = Slight Sheen; MS = Moderate Sheen; HS = Heavy Sheen

Drill Equipment: Push Probe
Sample Type: Acetate Liner

Horizontal Datum: WGS 84 Hole Diameter: 2 inches
Vertical Datum: NAVD88 Logged By: W. McDonald Reviewed By: M. Veenstra
LAB
USCS Graphic . L. Depth TESTS
Class Log Soil Descriptions in Feet Sample
4 inches of Asphalt over 8 inches of Base 0 ]
Course.
ML (Very stiff), moist, blue-gray to red-brown, S-1 %
cL mottled, clayey SILT to silty CLAY with [~ No ogor
scattered organic material. TSF
—5
S-2 % - No odor
PP=2.0
TSF
CL-ML (Soft to medium stiff), moist to wet,
red-brown to gray, mottled, silty CLAY to
clayey SILT with fine silty sand seams.
S-3 % - No odor
PP=0.5
TSF
—10
‘ Bottom of Probe at 12.0 Feet. ]
Started 09/27/183.
Completed 09/27/13. |
—15
re
AN
1. Refer to Figure A-1 for explanation of descriptions and symbols. I
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual. HARTCRowsm
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise
supported by laboratory testing (ASTM D 2487). 17984-00 9/13
4. ﬁi;%%?rg\év.ater level, if indicated, is at time of drilling (ATD) or for date specified. Level may vary Figure A-11



PUSH PROBE LOG-ENV 1798400-PP.GPJ HC_CORP.GDT 5/1/15

Push Probe Log B-7

Location: Lat: 47.58514 Long: -122.2342
Approximate Ground Surface Elevation: 86 Feet
Horizontal Datum: WGS 84

Vertical Datum: NAVD88

Drill Equipment: Push Probe
Sample Type: Acetate Liner
Hole Diameter: 2 inches

Logged By: W. McDonald Reviewed By: M. Veenstra

USCS Graphic . L. Depth
Class Log Soil Descriptions in Feet

4 inches of Asphalt over 8 inches of Base
Course.

CL-ML (Very stiff), moist, blue-gray, gravelly, sandy,
silty CLAY to clayey SILT with black silty
organic clay zones. (FILL)

CL-ML (Very stiff), moist, blue-gray to red-brown,
mottled, silty CLAY to clayey SILT with
scattered organic material.

Grades to (stiff), moist, blue-gray to
red-brown, laminated, slightly sandy, clayey
SILT to silty CLAY.

Grades to (very soft to medium stiff), moist to
wet, blue-gray to red-brown, mottled, silty
CLAY.

Bottom of Probe at 16.0 Feet.
Started 09/27/13.
Completed 09/27/13.

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.

5. NS = No Sheen; SS = Slight Sheen; MS = Moderate Sheen; HS = Heavy Sheen

Sample

s2

ss B

se [

LAB
TESTS

= No odor
PP=2.75
TSF

= No odor
PP=3.5
TSF

= No odor
PP=1.5
TSF

= No odor
PP=<0.25
TSF

HARTCROWSER

17984-00 9/13
Figure A-12




PUSH PROBE LOG-ENV 1798400-PP.GPJ HC_CORP.GDT 5/1/15

Push Probe Log B-8

Location: Lat: 47.58477 Long: -122.2338
Approximate Ground Surface Elevation: 92 Feet
Horizontal Datum: WGS 84

Vertical Datum: NAVD88

USCS Graphic . L. Depth
Class Soil Descriptions in Feet
4 inches of Asphalt over Base Course and 0
ML 7 Brick. i
(Medium stiff), moist, brown to gray, gravelly,
sandy SILT. (FILL)
ML (Very stiff), moist, gray, slightly mottled, fine
to medium sandy SILT.
—5
ML (Very stiff to hard), damp, brown, fine to
medium sandy SILT.
“Grades to moist brown, slightly sandy SILT [ '°
with occasional organic material.
Bottom of Probe at 13.0 Feet.
Started 09/27/13.
Completed 09/27/13. |
—15

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

Drill Equipment: Push Probe
Sample Type: Acetate Liner
Hole Diameter: 2 inches

Logged By: W. McDonald Reviewed By: M. Veenstra

Sample

s1 B

s B

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.
5. NS = No Sheen; SS = Slight Sheen; MS = Moderate Sheen; HS = Heavy Sheen

LAB
TESTS

= No odor
PP=1.0
TSF

= No odor
PP=3.0
TSF

= No odor

= No odor
PP=>4.0
TSF

HARTCROWSER

17984-00 9/13
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WILDCAT DYNAMIC CONE LOG Page 1 of 2
Hart Crowser
1700 Westlake Ave N. PROJECT NUMBER: 1798401
Seattle, WA 98109 DATE STARTED: 11-20-2014
DATE COMPLETED: 11-20-2014
HOLE #: HC-5
CREW: Jesse Overton SURFACE ELEVATION:
PROJECT: Mercer Island Multi-Family WATER ON COMPLETION:
ADDRESS: HAMMER WEIGHT: 35 Ibs.
LOCATION: Mercer Island, Washington CONE AREA: 10 sq. cm
BLOWS | RESISTANCE | GRAPH OF CONE RESISTANCE TESTED CONSISTENCY
DEPTH PER 10 cm Kg/cm? 0 50 100 150 | N' | NON-COHESIVE COHESIVE
- 18 79.9 22 |MEDIUM DENSE| VERY STIFF
- 23 102.1 25+ | MEDIUM DENSE| VERY STIFF
- 1ft 14 62.2 sseccscececcscecce 17 [(MEDIUM DENSE| VERY STIFF
- 12 533 ssescscescscece 15 [ MEDIUM DENSE STIFF
- 10 44.4 sseccsceccee 12 | MEDIUM DENSE STIFF
- 2 ft 9 40.0 ssescsceces 11 [ MEDIUM DENSE STIFF
- 9 40.0 seeccscecce 11 | MEDIUM DENSE STIFF
- 10 44.4 ssescscescee 12 [ MEDIUM DENSE STIFF
- 3 ft 14 62.2 sseccscececcscecce 17 (MEDIUM DENSE| VERY STIFF
-1m 9 40.0 ssescsceces 11 [ MEDIUM DENSE STIFF
- 11 42.5 sseccsceccee 12 | MEDIUM DENSE STIFF
- 4 ft 11 42.5 ssescsceccee 12 [ MEDIUM DENSE STIFF
- 11 42.5 sseccsceccee 12 | MEDIUM DENSE STIFF
- 10 38.6 ssescscecee 11 [ MEDIUM DENSE STIFF
- 51t 8 30.9 seecccce 8 LOOSE MEDIUM STIFF
- 6 23.2 sscece 6 LOOSE MEDIUM STIFF
- 6 23.2 seccce 6 LOOSE MEDIUM STIFF
- 6 ft 7 27.0 ssescee 7 LOOSE MEDIUM STIFF
- 6 23.2 sescce 6 LOOSE MEDIUM STIFF
-2m 6 23.2 ssceee 6 LOOSE MEDIUM STIFF
- 7 ft 6 20.5 sesee 5 LOOSE MEDIUM STIFF
- 6 20.5 seoee 5 LOOSE MEDIUM STIFF
- 5 17.1 soce 4 VERY LOOSE SOFT
- 8 ft 6 20.5 seoee 5 LOOSE MEDIUM STIFF
- 5 17.1 soce 4 VERY LOOSE SOFT
- 5 17.1 soee 4 VERY LOOSE SOFT
- 9 ft 6 20.5 sesee 5 LOOSE MEDIUM STIFF
- 6 20.5 seoee 5 LOOSE MEDIUM STIFF
- 6 20.5 sesee 5 LOOSE MEDIUM STIFF
-3m 10ft 6 20.5 seoee 5 LOOSE MEDIUM STIFF
- 6 18.4 sesee 5 LOOSE MEDIUM STIFF
- 6 18.4 seoee 5 LOOSE MEDIUM STIFF
- 12 36.7 sseccccece 10 LOOSE STIFF
- 11 ft 9 27.5 ssescee 7 LOOSE MEDIUM STIFF
- 6 18.4 sesee 5 LOOSE MEDIUM STIFF
- 7 21.4 sccece 6 LOOSE MEDIUM STIFF
- 12 ft 4 12.2 oo 3 VERY LOOSE SOFT
- 5 15.3 soee 4 VERY LOOSE SOFT
- 6 18.4 sesee 5 LOOSE MEDIUM STIFF
-4m 13 ft 6 18.4 seoee 5 LOOSE MEDIUM STIFF

L:\Project Notebook\1798401 Mercer island Multi family\field data\wildcat logging spreadsheet.xlsx




HOLE #: HC-5 WILDCAT DYNAMIC CONE LOG Page 2 of 2
PROJECT: Mercer Island Multi-Family PROJECT NUMBER: 1798401
BLOWS | RESISTANCE | GRAPH OF CONE RESISTANCE TESTED CONSISTENCY

DEPTH PER 10 cm Kg/em? 0 50 100 150 | N' | NON-COHESIVE COHESIVE
- 7 19.4 seoee 5 LOOSE MEDIUM STIFF
- 7 19.4 seses 5 LOOSE MEDIUM STIFF
- 14 ft 9 24.9 ssescee 7 LOOSE MEDIUM STIFF
- 8 22.2 seseee 6 LOOSE MEDIUM STIFF
- 8 222 seeeee 6 LOOSE MEDIUM STIFF
- 15 ft 7 19.4 sesee 5 LOOSE MEDIUM STIFF
- 9 24.9 ssescee 7 LOOSE MEDIUM STIFF
- 9 24.9 sesesce 7 LOOSE MEDIUM STIFF
- 16 ft 8 222 ssecee 6 LOOSE MEDIUM STIFF
-5m 10 27.7 sescscee 7 LOOSE MEDIUM STIFF
- 9 22.9 seecee 6 LOOSE MEDIUM STIFF
- 17 ft 10 254 sesesce 7 LOOSE MEDIUM STIFF
- 10 25.4 ssescee 7 LOOSE MEDIUM STIFF
- 12 30.5 sescsces 8 LOOSE MEDIUM STIFF
- 18 ft 11 27.9 ssescece 7 LOOSE MEDIUM STIFF
- 12 30.5 sescsces 8 LOOSE MEDIUM STIFF
- 24 61.0 ssescscesescscece 17 [(MEDIUM DENSE| VERY STIFF
- 19 ft 33 83.8 23 | MEDIUM DENSE| VERY STIFF
- 21 533 ssescscescscece 15 [ MEDIUM DENSE STIFF
- 6m 21 533 sescscscscscsce 15 | MEDIUM DENSE STIFF
- 20 ft 20 46.6 ssescscecesce 13 [ MEDIUM DENSE STIFF
- 28 65.2 sescscscscscsceces 18 | MEDIUM DENSE| VERY STIFF
- 50 116.5 25+ DENSE HARD
- 21 ft
- 22 ft
- 7m 23ft
- 24 ft
- 25 ft
- 26 ft
- 8m
- 27 ft
- 28 ft
- 29 ft
-9m

L:\Project Notebook\1798401 Mercer island Multi family\field data\wildcat logging spreadsheet.xlsx
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Multi-Family Development | B-1

APPENDIX B

Historical Explorations

Historical exploration logs are included in this appendix as follows:

Terra 2012. Preliminary Geotechnical Report, Mercer Island North, 2885 - 78th Avenue SE, Mercer
Island, Washington. May 10, 2012. Project No. T-6714.

ABPB 2012. Preliminary Geotechnical Report, Multifamily Residential Project, 2885 - 78th Avenue SE,
Mercer Island, Washington. October 23, 2012. Project No. 1350.

Logs and test reports by others are included as they were produced by others for reference only and

Hart Crowser is not responsible for the accuracy or completeness of the information presented in the
logs. Approximate locations of the explorations by others are shown on Figure 2 of this report; actual
locations may differ from those shown.

19413-00
November 3, 2020



THES SITE PLAN 15 SCHEMATIC. ALL LOGATIONS AND
DIMENSIONS ARE APPROXIMATE, IT 18 INTENDED FOR
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Dale MAY 2012

Figure 2
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LOG OF BORING NO. B1

Figure Mo, A2

Project; Mercer tsland Norih Project Mo: _T-8714 Date Drified: 4-25-12
Chent: PMF Invesimenis Drifler; BORETEC Logaed By: CSD
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1.OG OF BORING NO. B-1

Figure No. A-2

Project: Mercer island Nofh

Ctien{: PMF investmenls Drilfer:

BORETEC

Location: Marser island, Washingion

Approx, Elew:

NIA

Brate Drilled: 4-25-12
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1

Very Danse
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Haed
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50
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o
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Associates, Inc.
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LOG OF BORING NO. B-2

Figure No, A-d
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LOG OF BORING NO. B3

Flgure Ro, A4
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L.OG OF BORING NO. B4

Figure No, A-§
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