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INTRODUCTION
Project Description

This geotechnical report presents the results of Golder Associates Inc. (Golder) geotechnical investigation for the
proposed project at 8009 164th Ave NE in Redmond, Washington (Site). The location of the Site is shown in
Figure 1.
The scope of work presented in Golder’s proposal dated June 23, 2021 (the Proposal) and consisted of a
subsurface exploration program and engineering analyses and recommendations, which are summarized in the
following sections of this report. The purpose of this work is to evaluate the subsurface conditions on the Site to
develop geotechnical engineering recommendations for the building design and construction.
Based on the information provided to Golder, the current design of the proposed project (SCB 2021) will include
eight floors above grade, one level below-grade parking, and other foundation details as follows:






Approximate ground surface elevation: 42 feet
Top of basement slab elevation: 32 feet 4 inches (9 feet 8 inches below ground surface [bgs])
Estimated depth of footings: 12 feet bgs or elevation 30 feet 4 inches
Estimated depth of elevator pit: 20 feet bgs or 22 feet elevation

Elevations are in NAVD88
The preliminary Project Site development plans include a 4-story wood-framed residential tower above a 4-story
concrete podium. Ground level uses include residential mixed-use and retail. The residential entrance is accessed
from NE 80th St, while the parking entrance is off of NE 81st St.
The underground portion of the building will be designed as a water-tight basement without an active or passive
dewatering system. Planned construction activities will be timed to take advantage of the late summer and fall
when seasonal groundwater levels are at their lowest (planned for late summer 2023). Groundwater levels in the
vicinity of the Project Site are generally below the bottom of the planned excavation, approximately 30 feet
(elevation), and therefore temporary construction dewatering will likely not be necessary for the building
foundation. Some localized temporary dewatering will likely be needed at the elevator pits which extend another
8 feet below the bottom of building footings. Temporary construction dewatering feasibility is discussed in a
separate report.

1.2

Site Description

The project applicant is White Oak Realty Partners, LLC. and the project is named the 164th Ave Development.
The Property boundary location is shown in Figure 1. The City’s file number for this project will be determined
upon submittal of the project to the City. The Property is situated in the southeast quarter, Section 2, Township
25, Range 5 in King County Washington. The Project Site is approximately 0.9 acres and is bounded by NE 81 st
St to the north, 164th Avenue NE to the east, NE 80th St to the south. There is one King County parcel number
associated with the Property: 922140026 (Figure 2). The Project Site is currently a vacant, partially paved lot that
operated as an ARCO gasoline service station from approximately 1968 to 2013. The Site includes a mix of
asphalt surfacing and gravel, used as parking by locals. The Site and surrounding areas lie within the relatively
flat areas of the alluvial basin of the Sammamish River. The Site is generally flat with an elevation of about 42 feet
NAVD88.
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SITE INVESTIGATION
General

Golder’s geotechnical investigation consisted of advancing two boreholes (B-1 and B-2), cased mud-rotary drilling
techniques were used to obtain SPT N-values for liquefaction analyses. The boreholes were advanced to
evaluate the soil and groundwater conditions underlying the project area. The approximate borehole locations are
shown in Figure 2, the borehole records are presented in Appendix A.
The soil conditions encountered in borings were examined and classified in general accordance with Golder
Technical Procedures which is summarized on the Method of Soil Classification in Appendix A. Pertinent
information was recorded, including sample depths, stratigraphy, groundwater occurrence (if observed), and
engineering characteristics.
The stratigraphic contacts shown on the borehole logs represent the approximate boundaries between soil units;
actual transitions may be more gradual. The subsurface conditions depicted are only for the specific dates and
locations reported and, therefore, are not necessarily representative of conditions at other locations and times.

2.2

Borehole Explorations

Boreholes B-1 and B-2 were advanced and logged on August 5, 2021 to depths of 61.5 feet bgs. Both boreholes
were advanced using a B-58 truck-mounted drill rig operated by Holocene Drilling Inc., under the full-time
observation of a Golder geologist. Cased mud-rotary drilling techniques were used in both boreholes to obtain
SPT N-values for liquefaction analyses.
Drilling and sampling were performed in general accordance with Golder Technical Procedures. Standard
penetration test (SPT) samples were attempted at approximate 2.5-foot intervals to 30 feet bgs then on 5-foot
intervals thereafter. Samples in B-01 were primarily taken using a 2-inch-diameter split-spoon sampler advanced
with a 140-pound auto-hammer falling a distance of 30-inches for each strike, in accordance with American
Society for Testing and Materials (ASTM) D1586. Samples in B-2 were primarily collected using a modified splitspoon sampler (larger diameter) due to poor recovery with the standard sampler in B-1. The number of hammer
blows required for each 6 inches of penetration was recorded. The standard penetration resistance (N) of the soil
is calculated as the sum of the number of blows required for the final 12 inches of sampler penetration. The
N-value is an indication of the relative density of cohesionless soils and the consistency of cohesive soils. If
50 blows are recorded for a single 6-inch interval, the test is terminated, and the blow count is recorded as
50 blows for the total inches of penetration. The borehole records in Appendix A include field recorded blow
counts.
After drilling and soil sampling were completed, the borings were backfilled with bentonite and the surface
restored to match existing ground surface in accordance with the appropriate Washington State regulations.

2.3

Monitoring Installation

The original scope of work proposed installation of a monitoring well to determine groundwater depth at the Site.
However, during the drilling investigation, we were able to locate a monitoring well (Department of Ecology Well
# BLK 392) on-site and collect a groundwater measurement. No monitoring wells were installed during this
exploration program.

2
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Laboratory Testing

Geotechnical laboratory tests were conducted at a local Redmond, Washington laboratory to characterize
engineering and index properties of the Site soils. The grain size distribution of three soil samples was determined
in accordance with ASTM D6913. While performing the grain size distribution tests, the natural moisture content
of the soil samples was determined in accordance with ASTM D2216. The laboratory test results are contained in
Appendix B and summarized below in Table 1.
Table 1: Grain Size Distribution Testing Summary
Borehole Depth

Sample

USCS

Moisture %
Content Gravel

%
Sand

%
Cu
Fines

Cc

B-1

7.5

3

GP

8.0

49

46

4.8

24.92

0.41

B-1

12.5

5

GP

7.6

58

38

4.3

45.45

0.35

B-1

22

8/9.

GW-GM

8.8

60

33

7.3

102.86

2.37

B-1

27

10/11.

GW

6.5

86

12

1.7

4.64

2.13

B-1

55

17

SP-SM

13.9

0

95

5.4

2.09

1.18

B-2

12

4/5.

GP-GM

5.7

55

40

5.3

56.97

0.52

B-2

17

6/7.

GP

5.1

66

29

4.6

80.03

3.22

B-2

30

12

SP-SM

12.7

18

78

4.5

2.76

1.05

B-2

45

15

SP

14.4

0

96

3.9

2.35

1.16

3.0

GEOLOGIC CONDITIONS

This section presents a discussion of Site geology and subsurface conditions to support geotechnical
recommendations.

3.1

Regional Geologic Setting and Structure

The Site lies in a broad alluvial valley occupied by the Sammamish River, Bear Creek, and Evans Creek. The
valley is underlain at depth by fine-grained deposits of laminated silt and clay referred to as transitional beds
(Minard and Booth 1988). Overlying the transitional beds are alluvial deposits consisting of sand and gravel
deposited after the retreat of the Vashon Stade of the Fraser Glaciation. The alluvium deposits form a productive
municipal drinking water aquifer for the City. The observed soil units are consistent with geologic maps (Minard
and Booth 1988). The observed geologic units are described below.

3.2

Observed Soil Units

Geologic units encountered in the explorations have been interpreted to include fill and alluvium, in agreement
with the geologic map. General descriptions of these units are presented below. Specific soil descriptions are
provided in the exploration records (Appendix A).



Fill: Fill or modified land refers to soil placed or modified by human activity. Fill was encountered in both
boreholes at the ground surface extending 4.5 to 9 feet bgs. The fill consisted predominantly of medium
dense sand/silty sand.
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Alluvium: Underlying the fill in both boreholes, alluvium was encountered to the depths explored. The
alluvium consisted of dense to very dense mixtures of sand and gravel, and stratified, medium dense to very
dense sand.

3.3

Groundwater Conditions

Historical groundwater elevation data is available from City-owned monitoring wells located near the Project Site.
The period of record for the City monitoring wells begins as early as 2008 and includes semi-annual manual water
level measurements and, in some instances, near-continuous automated (i.e., pressure transducer) data. The
available period of record for the automated data varies between wells. The groundwater elevation monitoring
data suggests that in an average year the minimum and maximum seasonal groundwater elevation at the Project
Site are likely between a low of about 24 feet to a high of about 32 feet (Golder 2021). Short-term water levels of
up to about 34 feet are possible during extreme precipitation events. See Section 4.2 for groundwater level
recommendations for project design.
Groundwater levels can be difficult to determine given the drilling methods used for this site investigation. The
original scope of work proposed the installation of a monitoring well to determine groundwater depth at the Site.
However, during the drilling investigation, we were able to locate a monitoring well (Department of Ecology Well
# BLK 392) on-site and collect a measurement. The groundwater level at the time of the August 4, 2021
exploration program was 18.3 feet bgs (~ elevation 23.7 feet) which is consistent with historical data given the
time of year.

3.4
3.4.1

Geologic Critical Areas
Seismic Hazard

The Project Site lies within an area that is mapped by the City of Redmond as a Seismic Hazard Area (City of
Redmond 2005). The hazard map does not classify the seismic risk or the nature of the seismic hazard, but it is
presumed to be liquefaction. The Washington Department of Natural Resources has mapped seismic liquefaction
susceptibility areas in downtown Redmond (WDNR 2002). The Site is depicted as having a “Low to Moderate”
susceptibility to liquefaction. Liquefaction susceptibility was analyzed for this report and is discussed in
Section 4.1.3 of this report.

4.0

GEOTECHNICAL DESIGN RECOMMENDATIONS

The following sections present recommendations for the design of the proposed structures.

4.1

Seismic Design

The 2018 International Building Code (IBC 2018) seismic design section provides information to be used as the
basis for seismic design of structures.

4.1.1

Site Class

Section 1613 of the 2018 IBC provides information on earthquake loads and site class. Section 1613.3.2 of 2018
IBC states “[b]ased on the site soil properties, the site shall be classified as Site Class A, B, C, D, E or F in
accordance with Chapter 20 of ASCE 7.” In Chapter 20 of ASCE 7 (ASCE 2017), sites with liquefiable soils are
classified as Site Class F and require a site response analysis, unless the proposed structure has a fundamental
period of vibration less than or equal to 0.5 seconds. A site response analysis is beyond the scope of this work,
the project structural engineer should confirm confirmed the period of the proposed structure is less than
0.5 seconds.
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For structures with fundamental periods of less than or equal to 0.5 seconds, the site class can be classified
according to the average soil profile properties in the first 100 feet bgs. Based on the SPT N-values recorded in
the boreholes, it is our opinion that the Site should be classified as Site Class D.

4.1.2

Ground Motion Parameters

Ground motion parameters used for design per the 2018 IBC include the site coefficient and mapped spectral
accelerations, which can be found in Section 1613.2.
The following design parameters are based on the IBC Maximum Considered Earthquake (MCE) Ground Motion,
the 0.2-second spectral acceleration (Ss), and the 1.0-second spectral acceleration (S1) for the Project Site. The
interpolated probabilistic ground motion values in percent gravity were obtained from the ASCE 7 Hazard Tool
(asce7hazardtool.online). The following results were obtained for latitude 47.675182 and longitude -122.122207
(a point located near the center of the Site):
















Mapped 0.2-second spectral acceleration (SS): 1.265
Fa: 1 (Table 11.4-1 Short-Period Site Coefficient, ASCE 7-16)
SMS: 1.265
SDS: 0.843
Mapped 1.0-second spectral acceleration (S1): 0.442
FV: 1.858 (Interpolated, Table 11.4-2 Long-Period Site Coefficient, ASCE 7-16)
SM1: Dependent on requirements of ASCE 7-16 Section 11.4.8 (See below)
SD1: Dependent on requirements of ASCE 7-16 Section 11.4.8 (See below)
PGA: 0.541
FPGA: 1.1 (Table 11.8-1 Site Coefficient, ASCE 7-16)
PGAM: 0.595
TL: 6
Ie: 1.25
Cv: 1.353

The definition for these parameters is contained in ASCE 7-16. Because the S1 value is greater than 0.2,
ASCE 7-16 Section 11.4.8 requires a ground motion hazard analysis to estimate ground motion parameters,
except when the planned structure meets specified criteria with regards to structural analysis method and loading
assumptions. A ground motion hazard is outside the scope of work for this report.
Use of the exceptions in ASCE 7-16 Section 11.4.8 allow for use of increased design seismic forces (up to 50%
greater) for structures with a natural period higher than a specific threshold value; below that threshold value, the
design seismic forces are unchanged (subject to other conditions of the exceptions). The following spectral
ground motion parameters may be used for design (subject to meeting the requirements and exceptions in
ASCE 7-16 Section 11.4.8):




SM1 = Fv S1: 0.821
SD1 = 2/3SM1: 0.547
5
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Liquefaction Assessment

Loose to compact soil deposits below the water table can be susceptible to a phenomenon called liquefaction
during earthquake shaking. During liquefaction, the soil temporarily loses strength and acts like a viscous fluid.
Liquefaction can cause settlement of building foundations as well as floating of buried objects such as tanks and
pipes. A liquefaction assessment is typically carried out for buildings that will be supported on granular soil
deposits below the water table such as the Project Site. The assessment looks at the density and particle size
distribution of the soil as well as the design earthquake event for the project area. A liquefaction assessment was
completed for Site property using the information from the two August 2021 Golder borings completed for this
report. Details of the liquefaction assessment are discussed below followed by a discussion of possible mitigation
options.

4.1.4

Assumptions

The peak ground acceleration (PGA) values on bedrock for seismic design were estimated using the United
States Geological Survey (USGS) US Seismic Design Maps. Assuming a risk level of 2% probability of
exceedance (PE) in 50 years (approximately a 2500-year recurrence interval) for the Site, a PGA M of 0.595g can
be used for liquefaction assessment. An earthquake of Magnitude 7.0 was assumed for analysis purposes.

4.1.5

Methodology

The liquefaction potential of the soil was evaluated using a spreadsheet develop in-house. The spreadsheet uses
the procedure presented by Boulanger and Idriss (2006 and 2014) to assess the liquefaction hazard of the soil
and estimate settlement. The SPT blow counts (N), collected during the drilling program, are corrected for
sampler type (if needed), the vertical effective stress (N1), hammer efficiency (N1)60, rod lengths, fines content of
the soil, and sampler size.

4.1.6

Liquefaction Results and Discussion

The results of the liquefaction assessment indicate that liquefaction induced by the 2,500-year design event is
likely to occur in the loose to compact granular (sand) deposits located below the observed water level.
Liquefaction settlements on the order of 3 to 4 inches were estimated. Differential settlements are anticipated to
be approximately 50% of the maximum total settlement. We recommend discussing the potential impact of the
seismically induced total and differential settlements with the structural engineer to determine if the magnitudes of
the settlements estimated are problematic for the proposed building design. If the building design can
accommodate the estimated total and differential settlement, mitigation may not be necessary. If the building
design cannot accommodate the settlement, mitigation is feasible. Mitigation might include ground improvement
or deep foundations. If liquefaction settlement is a design issue, we can provide recommendations for ground
improvement or deep foundations for a portion or all of the building area.

4.1.7

Seismic Surcharge on Walls

A seismic surcharge should be added to the earth pressures on below-grade basement walls. Recommendations
for the seismic surcharge are included in Section 4.5 “Permanent Wall Design Criteria” of this report.

4.2

Groundwater

Based on the groundwater level observed during drilling and in the surrounding City of Redmond monitoring well
network, we recommend that a seasonal high groundwater elevation of 35 feet be planned for in the building
design.
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The native soils are highly permeable; therefore, we do not consider it feasible to permanently lower the
groundwater table. Accordingly, we recommend that the basement floor, backfilled walls and foundation be
designed as follows:



BELOW-GRADE BACKFILLED WALLS OR WALLS CAST AGAINST SHORING: The walls should be
designed for saturated conditions up to elevation 35 feet.



BELOW-GRADE BASEMENT FLOORS: Basement floors must be designed to resist the full hydrostatic
design pressure with the groundwater at elevation 35 feet.



FOUNDATIONS: All foundations to be cast below the design groundwater elevation of 35 feet must be
designed to account for hydrostatic uplift pressure.

We recommend that a qualified building envelope consultant be retained to provide recommendations regarding
waterproofing of the below-grade portions of the proposed building.

4.3

Foundations

The foundations for the proposed buildings may consist of shallow isolated and continuous spread footings
bearing on the native alluvium soil.
Fill was encountered in the upper 4.5 to 9 feet bgs in the boreholes. If uncontrolled fill is encountered at the
footing elevation during construction, the uncontrolled fill should be removed and replaced with structural fill in
accordance with recommendations contained in Section 5.4. If the building foundations are placed on suitable
native soil or properly-placed and compacted structural fill, significant long-term static settlement is not expected
at the Site.

4.3.1

Spread Footings

Conventional shallow isolated or continuous foundations placed on compact to very dense native soil or
compacted structural fill placed above compact to very dense native soil should be designed based on the
following recommendations. Refer to Section 5.0 for construction considerations pertaining to foundations.
Foundation recommendations assume footing subgrade depth at approximately 12 feet below existing grade
(approximate elevation 30 feet 4 inches). If the elevation of the footing subgrade is different from assumed,
Golder should be notified to review the updated plans and revise the foundation recommendations accordingly. In
particular, the allowable bearing capacity will change if different footing sizes and embedment depths are used for
design.



Design isolated footings using a maximum allowable bearing pressure of 4 kips per square foot (ksf)
assuming a minimum footing width of 4 feet, a maximum footing width of 8 feet, maximum estimated
settlement on the order of 1 inch, and differential settlement on the order of ½ inch.



Design continuous footings using a maximum allowable bearing pressure of 3 ksf assuming a minimum
footing width of 2 feet and a maximum footing width of 4 feet.



An allowable bearing pressure of 5 ksf may be used for footings 10 to 12 feet wide and 10 to approximately
24 feet long.



For large footings supporting shear walls, we recommend sizing be based on allowable average bearing
pressure of 4 ksf.
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The maximum allowable bearing pressures meet the required factor of safety according to IBC.



The recommended maximum allowable bearing pressures are gross bearing pressures.



The recommended maximum allowable bearing pressures will result in less than 1 inch of total settlement.



The values presented may be increased by one-third for short-term wind and seismic loading.



Isolated and continuous footings should be embedded at least 18 inches below the adjacent finished grade.



The above recommendations are based on concentric pressures applied at the base of the footings. For
eccentrically loaded footings, the average bearing pressure for comparison with the allowable value may be
computed as qave = P/(B’*L’) where B’ = B – 2*eB, L’ = L – 2*eL, where P = vertical force supported by the
footing, B is the width of the footing, eB is the corresponding eccentricity of loading in that direction, and L is
the length of the footing and eL is the corresponding eccentricity of loading in that direction.



Subgrade modulus: Appropriate values of subgrade modulus for soil springs depend on many factors,
including, but not limited to, the size of the footings, the thickness of soil layers, and the amount of deflection.
Getting the appropriate value for the model may end up being an iterative process between the structural
and geotechnical engineers. As a starting point, we recommend using a soil modulus value of 90 pounds per
cubic inch (pci). We expect the maximum vertical deflection in the structural model to be between 1 and
2 inches using this value (for load combinations including wind or seismic loads). If the maximum vertical
deflection is well outside of this range (say less than 0.9 inches or more than 2.2 inches) then the calculated
shear and moment values in the model may not be representative of the identified ground conditions, and
the soil modulus should be revised. If calculations are sensitive and critical to subgrade modulus value and
maximum vertical deflections fall outside of the previously stated range, we recommend the following
modulus values. If the calculated maximum vertical deflection is less the 0.9 inches, we recommend
reducing the modulus value to 60 pci and re-evaluating settlement. If the calculated maximum vertical
deflection is greater than 2.2 inches, we recommend increasing the modulus value to 120 pci and reevaluating settlement. If after revision of the soil modulus the maximum vertical settlement remains outside
of the previously stated range, contact Golder to further evaluate and refine the soil modulus value.

A representative from Golder should observe the foundation-bearing soils prior to placement of forms and rebar to
verify the foundation-bearing soils are consistent with the soils encountered at the time of this study.
Building foundations must resist lateral loads due to earth pressures, wind, and seismic events. For design
purposes, these loads can be resisted simultaneously by:



BASE FRICTION: An allowable value of 0.4 can be assumed for base friction between the soil and spread
footings. This value includes a factor of safety of 1.5. The allowable base friction value may be increased by
one-third for the seismic loading.



PASSIVE RESISTANCE ON BASEMENT WALLS FOUNDED AGAINST SOIL: We recommend that the
allowable passive pressure be based on a fluid with a density of 270 pounds per cubic foot (pcf) (including a
factor of safety of 1.5) above elevation 35 feet and 175 pcf below elevation 35 feet. This value can be
increased by one-third for seismic loads.



PASSIVE RESISTANCE ON SIDES OF SHALLOW FOOTINGS: For design purposes, we recommend that
the allowable passive pressure be based on a fluid with a density of 175 pcf (including a factor of safety of
1.5) for shallow foundations. The allowable passive resistance can be increased by one-third for seismic
8
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loading. Since some disturbance is likely to occur during construction, we recommend the upper 1 foot of
passive resistance be neglected.
Please refer to the drainage provision section (Section 4.6) of this report for foundation drainage criteria.

4.4

Slab Subgrade

Conventional slab-on-grade floors can be supported on a subgrade of the native bearing soils or on structural fill
placed and compacted as noted in the Earthworks section of this report (Section 5.4). Slab-on-grade floors should
not be founded on organic soils, loose soils, or uncontrolled fills.
We recommend slab-on-grade floors constructed above the water table be underlain by a capillary break material,
consisting of a minimum thickness of 4 inches of clean, free-draining gravel, or crushed rock containing less than
2% fines passing the US No. 200 sieve (based on the minus US No. 4 sieve fraction) meeting the following
specification:
Table 2: Water Table Capillary Break Gradation
Sieve Size or Diameter (in)

Percent Passing

1 inch

100

No. 4

0 – 70

No. 10

0 – 30

No. 100

0–5

No. 200

0–2

Vapor transmission through floor slabs is an important consideration in the performance of floor coverings and
controlling moisture in structures. For storage, possible moisture effects on materials placed on bare concrete
floors should also be considered. The identification of alternatives to prevent vapor transmission is outside of our
expertise. A qualified architect or building envelope consultant can make recommendations for reducing vapor
transmission through the slab, based on the building use and flooring specifications.

4.5

Permanent Wall Design Criteria

The design lateral pressure on permanent basement walls depends on the depth below the groundwater table.
The design groundwater table elevation is 35 feet. Recommended lateral earth pressure coefficients for design of
permanent walls are shown in Table 3. The earth pressure coefficient can be used in combination with the
triangular pressure distribution shown in Figure 3. Where typical passenger vehicle traffic loads will occur
adjacent to the wall, a uniform vertical surcharge load of 100 pounds per square foot (psf) should be added.
Additional surcharges due to adjacent building or foundation should be added to the design pressures as
required. For estimation of surcharge loads on walls, refer to Figure 4.
The lateral earth pressure coefficients shown in Table 3 can also be used for the design of permanent backfilled
walls provided that the backfill meets the gradation for “Gravel Backfill for Walls” - WSDOT Standard Specification
9-03.12(2) (WSDOT 2016). The on-site native clean sand and gravels are also suitable for backfill behind
permanent walls designed for the lateral earth pressure coefficients shown in Table 4.
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The seismic coefficient used to calculate the seismic earth pressure coefficient is taken as a portion of the PGA
value adjusted for site effects. If permanent deflection of a few inches following a seismic event is acceptable,
then the PGA value can be reduced prior to calculating seismic earth pressures. Otherwise, the full value of the
PGA should be used for the seismic coefficient. We have provided seismic active earth pressure coefficients for
seismic coefficients equal to the full PGA value and a reduced PGA value in Table 4.
If the permanent wall is designed for at-rest earth pressures, it should be noted that the seismic earth pressure
coefficients (Kae) in Table 3 are technically seismic active earth pressure coefficients, not seismic at-rest earth
pressure coefficients. The values of Kae in Table 3 are based on the Mononobe-Okabe (M-O) Method which has
been found to provide reasonable seismic earth pressure for basement walls and cross-braced excavations
(Sitar et. al. 2012). The values of Kae can be used in place of Ka in the pressure diagram in Figure 3 for seismic
design.
Permanent walls shall have drainage provisions, as discussed in Section 4.6, to provide full wall drainage above
elevation 35 feet.
Table 3: Design Parameters for Permanent Wall Design
Design Parameter Value
Active Earth Pressure Coefficient (Ka)

0.31

At-Rest Earth Pressure Coefficient (K0)

0.47

Seismic Active Earth Pressure Coefficient (Kae1)

0.57

Seismic Active Earth Pressure Coefficient (Kae2)

0.42

Passive Earth Pressure Coefficient (Kp)

1.6

Seismic Passive Earth Pressure Coefficient (Kpe)

1.7

Total Unit Weight (γ1)

125 pcf

Submerged Unit Weight (γ2)

63 pcf

1. Use Ka for the design of permanent cantilever walls free to rotate about the top.
2. Use K0 for the design of permanent basement walls restrained at the top.
3. Use Kae1 for the design of permanent walls that cannot deflect during design earthquake.
4. Use Kae2 for the design of permanent walls where permanent deflections of 1 to 2 inches resulting from the design earthquake are
acceptable.
5. Value for passive earth pressure coefficient (Kp) includes a factor of safety of 2.0. Value for seismic passive earth pressure coefficient (Kpe)
includes a factor of safety of 1.5.
6. Use Total Unit Weight above elevation 34 feet. Use submerged unit weight combined with hydrostatic pressure below elevation 34 feet.

4.6

Permanent Drainage Provisions

Provided the building is waterproofed and designed for the appropriate uplift pressure and pressures for the
design water table, permanent subsurface drainage is not required. For all structures designed above elevation
35 feet, we recommend that the following measures to provide drainage:



WALL DRAINS: Drainage behind backfilled walls can consist of a full face geocomposite drainage mat or a
minimum of a 2-foot wide zone of clean sand and gravel fill with less than 5% passing the No. 200 sieve. For
shoring, temporary drainage typically consists of a grid of geocomposite drainage strips with the permanent
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drainage consisting of a full face geocomposite drainage mat that that is tied into an interior perimeter footing
drain.



FOOTING DRAIN: A perimeter footing drain should also be placed consisting of a 6-inch diameter
(consistent with City of Redmond standards), heavy-walled, perforated PVC pipe or equivalent. The pipe
should be surrounded by at least 12 inches of drainage material. Cleanouts should be provided. The drain
should flow by gravity to the storm drain system.

Depending on the geometry and drainage conditions, if the building is designed as water-tight below elevation
35 feet, subsurface drainage may not be required. We recommend that Golder review the final plans in relation to
the need for subsurface permanent drainage provisions.

4.7

Waterproofing

A building envelope consultant should be retained to provide waterproofing recommendations. Generally,
waterproof barriers should be used between buried walls and the earth, and for walls cast directly against the
shoring. For areas that are shored, the waterproofing can be placed over a geocomposite drain prior to pouring or
shooting the concrete wall. A structural building envelope consultant or an architect can make recommendations
regarding waterproofing design specifications.

4.8
4.8.1

Temporary Shoring Design Criteria
Soldier Pile and Tieback Design Criteria

A cantilever soldier pile shoring system or a soldier pile and tieback shoring system with one row of anchors is
appropriate for supporting one to two stories of below grade excavation. The design earth pressure diagram is
shown in Figure 3 for the active condition of cantilever soldier pile walls and for soldier pile walls with one row of
anchors. If deformations of the shoring wall must be limited, active earth pressure coefficient can be replaced with
at-rest earth pressure coefficient for the design of the shoring walls. Earth pressure coefficients and unit weights
for soils are included in Table 4.
Table 4: Design Parameters for Temporary Shoring Design
Parameter

Value

Active Earth Pressure Coefficient (Ka)

0.31

Passive Earth Pressure Coefficient (Kp)

3.25

Total Unit Weight (γ1)

125 pcf

Submerged Unit Weight (γ2)

63 pcf

1. Value for passive earth pressure coefficient (Kp) is un-factored. Application of a factor of safety of 1.5 is recommended.
2. Use Total Unit Weight above design groundwater elevation. Use submerged unit weight combined with hydrostatic pressure below design
groundwater elevation. A design groundwater elevation of 35 feet is recommended.

Additional lateral surcharges should be added to the design earth pressures to account for any vertical
surcharges adjacent to the excavation, surrounding buildings, traffic surcharges, and construction surcharge
loadings, including those from mobile cranes and pump trucks. Surcharges on shoring walls can be calculated
using the appropriate equation presented in Figure 4. The earth pressures presented assume level ground above
the top of the shoring. If sloping ground is present, a uniform horizontal surcharge equal to one-half of the height
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of the slope multiplied by the unit weight of the soil and the appropriate earth pressure coefficient should be
added to the lateral earth pressure for level ground.
The embedment depth of soldier piles below the base of the excavation should be designed to provide force and
moment equilibrium. Soldier piles should be embedded a minimum of 10 feet below the base of the excavation.
For vertical structural loads on soldier piles spaced at least 2.5 pile diameters center to center, the following
design criteria are recommended:



Minimum embedment of 10 feet below the base of the excavation



Allowable end-bearing resistance of 20 ksf for piles end bearing in the dense alluvium



Allowable side friction of 1 ksf below the base of the excavation

The soldier piles should be designed to have adequate vertical capacity to resist the vertical components of the
tieback loads and also permanent structural loads, if required. Vertical capacity may be provided by a combination
of end-bearing and friction below the base of the excavation. It should be noted for design and planning
purposes, the City of Redmond “Right-of-Way Management Temporary Shoring Requirements” do not allow for
the installation of soldier piles or the backfill surrounding the soldier pile within or extending into the City Right-ofWay or Utility Easements. A copy of the “Right-of-Way Management Temporary Shoring Requirements” is
included in Appendix C.

4.8.1.1

Lagging

Lagging will be necessary to prevent caving of the soil face between the soldier piles. Lagging may be designed
for 50% of the lateral soil pressures. However, for an 8-foot center to center span, a maximum thickness of 4
inches is recommended for No. 2 or better Hem-Fir wood lagging, even if the structural calculations show thicker
wood lagging is required. Any voids behind the lagging should be backfilled with a permeable granular soil
material that does not allow the buildup of hydrostatic pressure or controlled density fill (CDF). The excavation
height prior to lagging installation should not exceed 4 feet or less as required to maintain cut-face stability.
It should be noted for design and planning purposes, the City of Redmond “Right-of-Way Management Temporary
Shoring Requirements” (Appendix C) does not allow for the installation of lagging within or extending into the City
right-of-way or utility easements.

4.8.1.2

Tieback Anchors

The anchor portion of the tieback should be located sufficiently far behind the excavation shoring to stabilize the
excavation face. The “no-load zone” is the area behind the soldier pile within a lateral distance from the base of
the excavation equal to the exposed wall height (H) divided by four and a line sloping up and back at 60 degrees
from horizontal. The recommended no-load zone is shown in Figure 3.
The selection of tieback materials and installation methods should be the responsibility of the contractor. The
actual adhesion values will depend on the materials and installation method and should be confirmed by testing.
For non-pressured grouted anchors, the allowable design concrete/soil friction value of 2 ksf (including a factor of
safety of 2) in the dense alluvium can be used for preliminary design and cost estimating purposes and should be
confirmed by testing prior to construction. For pressure grouted anchors, this value can typically be increased by
two to three times.
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A minimum anchor spacing of 6-foot center to center is recommended. Anchor holes should be drilled at an angle
of 15 to 30 degrees down from horizontal. A minimum anchor bond length of 10 feet is recommended. The
location and presence of existing features, such as utilities and foundations, should be checked during the design
as these may affect the location and length of tieback anchors.
It should be noted for design and planning purposes, the City of Redmond “Right-of-Way Management Temporary
Shoring Requirements” only allow for tiebacks to be installed within the City Right-of-Way or Utility Easements if
certain guidelines are met. These guidelines include, among others, a minimum anchor depth of 8 feet bgs at the
right-of-way or utility easement line and a minimum of 5 feet of clearance below utilities.

4.9

Stormwater Infiltration

All stormwater on the Project Site is currently routed into the City’s stormwater system. Under the proposed
development, project stormwater will continue to be routed to the City’s stormwater system. No stormwater will be
infiltrated on-site because the building footprint, sidewalks, and vehicle access will occupy almost the entire
property.

5.0

CONSTRUCTION RECOMMENDATIONS

Geotechnical related Site construction will likely consist of demolition of on-site structures and utilities, shoring
installation, excavation, subgrade preparation, placement of foundations, and placement and compaction of
structural fills.

5.1

Erosion Control and Aquifer Protection

Erosion control and groundwater aquifer protection measures will need to be followed by the contractor during
Site construction. The project lies within Critical Aquifer Recharge Area 1, which corresponds to Wellhead
Protection Zones 1 and 2, and performance standards will apply to all activities at the Site in accordance with
Redmond Zoning Code (RZC) 21.64.050 and Redmond Municipal Code 13.07. Best Management Practices
(BMPs) incorporated in the civil design drawings should incorporate required aquifer protection measures as well
as erosion control measures such as:



Limit exposed cut slopes.



Route surface water through temporary drainage channels around and away from exposed slopes.



Use silt fences, straw, and temporary sedimentation ponds to collect and hold eroded material on the Site.
Seeding or planting vegetation on exposed areas where work is completed, and no buildings are proposed.
Retaining existing vegetation to the greatest possible extent.

We recommend that the contractor sequence excavations to provide constant positive surface drainage for
rainwater and any groundwater seepage that may be encountered. This will require grading slopes, and
constructing temporary ditches, sumps, and/or berms.

5.2

Temporary Construction Dewatering

Temporary construction dewatering may be necessary to complete certain project excavations such as the
elevator pits. A temporary construction dewatering plan will be developed by the design team and presented in a
separate report.
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In general, the contractor must implement necessary dewatering and drainage measures to protect the
excavation cut face and to prevent degradation of the excavation area and foundation subgrade during
construction.

5.3

Temporary Shoring Installation and Testing

5.3.1

Soldier Pile Installation

The contractor should be required to prevent caving and loss of ground in all soldier pile excavations. Appropriate
methods may be required to minimize caving and sloughing, such as drilling with slurry or the use of casing, to
keep the soldier pile holes open. If slurry drilling is used or more than 1 foot of water is present in the bottom of
the hole, placement of concrete by tremie methods will be required.

5.3.2

Tieback Anchor Installation

The contractor should be prepared to case the tieback holes if caving is encountered. In addition, occasional
boulders should be anticipated. The tieback grout should be pumped into the anchor zone by tremie methods in
order to force grout up from the bottom of the hole and to provide a continuous grouted anchor in the bonded
zone. Tiebacks should be backfilled within the no load zone with a non-structural material, such as a mixture of
sand slurry. A bond breaker should be applied to the anchor tendon through the no load zone. As an alternative,
the no load zone can be backfilled with grout following anchor testing and lock off. Obstructions consisting of
boulders, cobbles, and possible debris in the upper fill soils, and boulders and cobbles within the glacial soils
should be anticipated and appropriate drilling methods should be used to advance past the obstructions.

5.3.3

Tieback Anchor Testing and Lock Off

Verification testing is recommended on selected representative tiebacks, while the remainder of the anchors
should be proof tested to confirm the design capacity.
A minimum of two sacrificial 200% verification tests should be accomplished in each soil type used for anchorage
to confirm the ultimate/soil friction capacity and the load/deformation performance of the tieback. Verification
testing should be accomplished as soon as each soil type providing anchorage is encountered and prior to
installation of production anchors in that soil type. The location of the verification tests should be selected by the
contractor and approved by the engineer. The drilling method, anchor diameter, and depth of anchorage for the
test anchors should be identical to the production anchors. The following procedures are recommended for
verification testing:
1)

The maximum test load should be 200% of the allowable concrete/soil adhesion capacity used for
design (i.e., 200% of the design load). Measurement of the load should be accurate to 5 kips and
movement to 0.001 inch

2)

The anchor should be loaded in increments of 25% of the design load, and each load held at least
10 minutes with measurement obtained at each increment. A creep test shall be performed at the
150%load increment. Anchor movement during the creep test shall be measured and recorded at
1 minute, 1.5, 2, 3, 4, 6, 8, 10, 15, 20, 30, 40, and 60 minutes following application of the load.

3)

The total rate of movement during the creep test should be less than 0.08 inches of movement between
6 and 60 minutes and the creep rate is linear or decreasing.

4)

Total movement at the maximum test load should exceed 80% of the theoretical elastic elongation of
the unbonded length of the anchor tendon.
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All production anchors should be proof tested using the following procedures:
1)

The design proof test load is 130% of the design tieback load. Measurements of movement should be
accurate to 0.001 inch and loads up to 5 kips.

2)

The anchor should be loaded incrementally to 25%, 50%, 75%, 100%, and 130% of the design load.
Each incremental load should be held long enough to obtain a stable displacement measurement. The
130% load should be held for 10 minutes. Anchor movement should be recorded at 1 minute, 1.5, 2, 3,
4, 6, 8, and 10 minutes following application of the load. If the anchor movement between 1 and
10 minutes exceeds 0.04 inches, the maximum load test load shall be held an additional 50 minutes. If
the load hold is extended, the anchor shall be recorded at 15, 20, 30, 40, and 60 minutes following
application of the load. If an anchor fails in creep, re-testing should not be allowed.

3)

The ground anchor should carry the maximum test load with less than 0.04 inches of movement
between 1 and 10 minutes or less than 0.08 inches of movement between 6 and 60 minutes.

4)

Total movement at the maximum test load should exceed 80% of the theoretical elastic elongation of
the unbonded length of the anchor length.

5)

When a ground anchor fails, the contractor should modify the design of the anchor, construction
procedures, or both. These modifications may include, but are not limited to, installing replacement
ground anchors, modifying the installation methods, increasing the bond length or changing the ground
anchor type. Any modification that requires changes to the structure should have prior approval of the
engineer.

Upon completion of the proof test, the load should be adjusted to the design lock-off load and transferred to the
anchorage device. After transferring the load, and prior to removing the jack, the load should be checked by
reapplying the load and measuring the lift-off reading. This should be within 10% of the specified lock-off load.
The process should be repeated until the desired lock-off load is obtained.

5.3.4

Monitoring and Instrumentation

Vertical and lateral movement of the ground surrounding the shored excavation is anticipated to some extent.
Even with a well-designed shoring system, there is a risk of greater than anticipated movement and possible
damage to surrounding facilities. Therefore, a program of survey monitoring is recommended before and during
construction. This program should include measurements of the horizontal and vertical movement of the shoring,
surrounding streets, buildings, and other facilities if necessary. Survey points should be established at the top of
the shoring and at lateral distances equal to 1/3 H (where H is the depth of the excavation) and H perpendicular to
the excavation. Survey monitoring points at the top of the shoring wall should be spaced no greater than 25 feet
around the excavation. Several survey points should also be established on and in the vicinity of the buildings
located adjacent to the Site. The number of survey points and frequency of measurements should be determined
based on the configuration of the final shoring design, and Site and project constraints. As a minimum, during the
excavation phase of the project, weekly measurements are recommended. The survey monitoring should be
accurate to at least 0.01 foot for both vertical and horizontal distances.
In order to establish the condition of adjacent facilities prior to construction, a complete inspection and evaluation
of pavements, structures, utilities, and other structures near the perimeter of the excavation should be performed.
Any existing signs of damage, particularly those caused by settlement or horizontal movements, should be
documented by photographs, notes, surveys, drawings, or other means of verification.
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Earthworks

Following the removal of existing structures/foundations and utilities, the Site earthwork will include excavation,
preparation of the building foundation and slab subgrades, backfilling foundation walls, and installing new utilities.
Based on our explorations, excavation for the proposed development would likely encounter uncontrolled fill
overlying the native alluvium. Excavations should be sequenced to limit the amount of exposed soil and subgrade.

5.4.1

Subgrade and Foundation Preparation

Based on observations made during the Site investigation, the soil subgrade 10 feet below existing grade will
likely consist of medium dense to dense alluvium soils. It is possible that fill observed on the Site may extend to
and below the anticipated subgrade depth in localized areas as a result of past Site uses. Foundations should be
placed on the native alluvium; foundations should not be placed on uncontrolled fill. If fill is encountered at
subgrade elevation, the geotechnical engineer should be notified to provide recommendations for removal and
replacement.

5.4.1.1

Removal of uncontrolled fill or other unsuitable soils

If encountered, uncontrolled fill or other unsuitable soils should be removed from beneath foundations.
Uncontrolled fill and disturbed or loose native alluvium soils may be left in place beneath floor slabs and
pavements if it is free of organics and debris and can be compacted to a firm and unyielding condition as noted in
Section 5.4.3.3.

5.4.1.2

Subgrade

Exposed subgrades for footings, floor slabs, pavements, and other structures should be compacted with a
vibratory roller to a firm, unyielding state. Any localized zones of loose granular soils observed within a subgrade
should be compacted to a density appropriate for planned development. Any organic, soft, or pumping soils
observed within a subgrade should be over-excavated and replaced with a suitable structural fill material.
Unsuitable excavated materials should not be mixed with materials to be used as structural fill.

5.4.2

Use of Onsite Excavated Soil

The native alluvium soil is considered suitable for reuse as structural fill provided it can be placed and compacted
near the optimum moisture content and in accordance with the compaction requirements presented in Section
5.4.3.3 of this report. If density tests indicate that compaction is not being achieved due to moisture content, the
reused material should be scarified and moisture-conditioned to near optimum moisture content, re-compacted,
and re-tested, or removed and replaced.

5.4.3

Structural Fill

The term “structural fill” refers to any materials placed under foundations, floor slabs, pavements, backfill for walls,
and utility trench backfill. Golder’s conclusions and recommendations concerning structural fill are presented in
the following sections.

5.4.3.1

Materials

Where needed, structural fill should be free of organic and inorganic debris, be near the optimum moisture
content, and capable of being compacted to the required specifications for application. Soils used for structural fill
should generally not contain any organic matter or debris or any individual particles greater than 6 inches in
diameter depending on use. Typical structural fill materials include clean sand and gravel; well-graded mixtures of
sand and gravel (commonly called “gravel borrow” or “pit-run”); mixtures of silt, sand, and gravel; crushed rock;
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quarry spalls; and controlled-density fill (CDF). If the on-site soils do not meet the above criteria, or cannot be
reworked to a suitable condition, we recommend using imported granular fill consisting of imported, clean, wellgraded sand and gravel, such as “Gravel Borrow” per Washington State Department of Transportation (WSDOT):
9-03.14(1) (WSDOT 2021). Other fill materials may be used with approval of the engineer.
If imported material is needed for filling during wet weather, the project specifications should include provisions for
using imported, clean, well-graded sand and gravel, such as “Gravel Borrow” per WSDOT: 9-03.14, except that
the percent passing the US No. 200 sieve should be no greater than 5%.

5.4.3.2

Placement

Fill should be placed in horizontal lifts not exceeding 8 inches in loose thickness, and each lift should be
thoroughly compacted with a mechanical compactor. Any structural fill placed beneath footings should extend
laterally outside of the footing base at a 1H:1V (Horizontal to Vertical) slope projected down and away from the
bottom footing edge. In areas of thick structural fill (> about 3 feet), this requirement may be relaxed with
engineer’s permission.

5.4.3.3

Compaction

Using the Modified Proctor test (ASTM D1557) as a standard, we recommend that structural fill used for on-site
applications be compacted to minimum densities presented in Table 5.
Table 5: Compaction Criteria
Fill Application

% Minimum Compaction

Building Pad

95

Footing Subgrade or bearing pad

95

Slab-on-grade floor subgrade and subbase

95

Retaining wall footing subgrage

95

Concrete slab subgrade

95

Asphalt pavement base and subbase

95

Asphalt pavement subgrade

95

Retaining wall backfill

90 to 95

Footing and stemwall backfill

90

Landscaped area

85

5.4.3.4

Subgrade Verification and Compaction Testing

All structural fill should be placed over firm, unyielding subgrades prepared in accordance with the
recommendations in this report. The condition of all subgrades should be verified by the geotechnical engineer
before filling or construction begins. Fill soil compaction should be verified by means of in-place density tests
performed per ASTM D6938 during fill placement so that soil compaction may be evaluated as earthwork
progresses.
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Pavement and foundation subgrades should be maintained in a well compacted state and protected from
degradation prior to paving or placing concrete. Protection measures may include restricted traffic, perimeter drain
ditches, or placement of a protective gravel layer on the subgrade. Disturbed or wet areas should be removed and
replaced by suitably compacted structural fill.

5.4.4

Wet Weather Construction

Although feasible, earthwork construction during wet weather or rainy season will significantly increase costs
associated with off-site disposal of unsuitable excavated soils, amount of dewatering needed to reach foundation
elevations, increased control of surface water, and increased subgrade disturbance and need for soil admixtures,
geotextiles, or rock working mats.
For fill placement during wet-weather Site work, we recommend using soils that have a fines content of 5% or less
(by weight). Laboratory tests of select samples from the Site investigation indicate on-site soils typically have
around 5% fines.

5.5

Temporary Slopes

Safe temporary slopes are the responsibility of the contractor and should comply with all applicable Occupational
Safety and Health Administration (OSHA) and Washington Industrial Safety and Health Act (WISHA) standards.
Temporary, stable cut slopes less than 8 feet in height can generally be constructed using the following
recommendations:
Uncontrolled Fill and Native Alluvium – 1.5H:1V
As previously discussed, groundwater will likely be encountered during construction. If temporary cuts encounter
groundwater seepage, they should be sloped at 2H:1V or flatter (as recommended by the geotechnical engineer
at the time of construction) to prevent significant caving or sloughing. Temporary cuts in the looser granular
materials are expected to have some raveling at the cut face. Temporary cut slopes in granular soils may need to
be laid back flatter than 1.5H:1V if a change in material type or debris is encountered.
In the event that groundwater seepage is encountered during excavation, the contractor must install temporary
drainage measures to protect the cut face and prevent degradation of the excavation area until permanent
drainage measures can be constructed.

5.6

Utilities

Maintaining safe utility excavations is the responsibility of the utility contractor. The soil and groundwater
conditions in the utility excavations will vary across the Site. Excavations in the looser granular soils may cave
easily, while other excavations may be difficult, as occasional boulders and cobbles may be encountered. As
appropriate, trench shoring should be employed by the utility contractor.

5.7

Geotechnical Construction Monitoring

We recommend that a qualified geotechnical-engineering firm is on-site during critical aspects of the project. This
would include observation of excavation; footing, slab, pavement, and subgrade preparation; placement of wall
and footing drains, and placement and compaction of structural fills. As required by the IBC, the geotechnical
engineer of record will perform the special inspection.
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Closing

This report has been prepared exclusively for the use of White Oak Realty Partners, LLC and their consultants
and contractors for the Project Site. This report may be reviewed by bidders and/or contractors as it relates to
factual data only. The conclusions and recommendations presented in this report are based on the explorations
and observations completed for this study, conversations regarding the existing Site conditions, and our
understanding of the planned project. The conclusions are not intended, nor should they be construed to
represent, a warranty regarding the project. They are included to assist in the planning and design process.
Judgment has been applied in interpreting and presenting the results. The soil and groundwater conditions
depicted are only for the specific dates and locations reported and, therefore, are not necessarily representative
of other locations and times. Variations in subsurface conditions outside the exploration locations are common in
glacial environments such as those encountered at the Site and in areas disturbed by human activities. Actual
conditions encountered during construction may be different from those observed in and inferred from the
explorations.
It has been a pleasure to provide consulting services to White Oak Realty Partners, LLC on this project. If you
have any questions, please call us at (425) 883-0777.
Golder Associates Inc.

Kyle Obermiller, LEG, PE
Senior Project Engineer

Josh Hanson, PE
Associate Engineer

KEO/JLH/ks

Golder and the G logo are trademarks of Golder Associates Corporation
https://golderassociates.sharepoint.com/sites/130771/ext 01 geotech investigation/6 deliverables/report/rev 1/2014746501-r-rev1-whiteoak164thavegeotech-120621.docx

19

December 6, 2021

6.0

2014746501

REFERENCES

American Society of Civil Engineers (ASCE). 2017. Minimum Design Loads and Associated Criteria for Buildings
and Other Structures, 7-16.
ASTM International. D1586/D1586M-18 Standard Test Method for Standard Penetration Test (SPT) and SplitBarrel Sampling of Soils. West Conshohocken, PA; ASTM International, 2018. doi:
https://doi.org/10.1520/D1586_D1586M-18
ASTM International. D6913/D6913M-17 Standard Test Methods for Particle-Size Distribution (Gradation) of Soils
Using Sieve Analysis. West Conshohocken, PA; ASTM International, 2017. doi:
https://doi.org/10.1520/D6913_D6913M-17
ASTM D1557-12 Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Modified Effort
(56,000 ft-lbf/ft3 (2,700 kN-m/m3)), ASTM International, West Conshohocken, PA, 2021, www.astm.org
ASTM D6938-17ae1 Standard Test Methods for In-Place Density and Water Content of Soil and Soil-Aggregate
by Nuclear Methods (Shallow Depth), ASTM International, West Conshohocken, PA, 2017, www.astm.org
Boulanger, R.W and Idriss, I. M. .2006. Liquefaction Susceptibility Criteria for Silts and Clays. Journal of
Geotechnical and Geoenvironmental Engineering, 132(11), 1413–1426.
https://doi.org/10.1061/(ASCE)1090-0241(2006)132:11(1413)
Boulanger, R.W and Idriss, I. M. 2014. CPT and SPT Based Liquefaction Triggering Procedures, Report No.
UCD/CGM-14/01. Center for Geotechnical Modeling, Department of Civil and Environmental Engineering,
University of Davis, California. April.
City of Remond. 2015. Seismic Hazard Areas, Critical Areas Map, City of Redmond, Washington. May 28.
https://www.redmond.gov/DocumentCenter/View/60/Seismic-Hazard-Areas-PDF
Golder Associates Inc. (Golder). 2021. Level II Hydrogeologic Assessment, 164 th Ave Development (Draft). July.
International Building Code (IBC) 2018. International Code Council, Inc.
https://codes.iccsafe.org/public/document/IBC2018.
Minard, James P. and Derek B. Booth. 1988. Geologic Map of the Redmond Quadrangle, King County,
Washington. United States Geological Survey (USGS). Scale 1:24,000.
Redmond Zoning Code. (RZC). 2011. http://www.online.encodeplus.com/regs/redmond-wa/. Accessed
September 2021.
Sitar, N., R. G. Mikola, G. Candia. 2012. Seismically Induced Lateral Earth Pressures on Retaining Structures and
Basement Walls, Keynote Lectures presented at GeoCongress 2012, Oakland, California, United States,
March 25-29, Geo-Institute of American Society of Civil Engineers (ASCE), pp 335 to 358.
Solomon Cordwell Buenez (SCB). 2021. 8009 164 th Ave NE, Schematic Design – 50%. July 30.
International Building Code (IBC) 2018. International Code Council, Inc.
https://codes.iccsafe.org/public/document/IBC2018

20

December 6, 2021

2014746501

Washington State Department of Transportation. (WSDOT). 2021. Standard Specifications for Road, Bridge, and
Municipal Construction. Publication Number: M 41-10.
Washington Department of Natural Resources. (WDNR). 2002. Liquefaction Susceptibility of the Greater Eastside
Area, King County, Washington. Geologic Map GM-48, by Palmer, Evans, Schasse, August.

21

Figures

KEY MAP

LEGEND

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI A

PROPERT BOUNDARY
LOCATION

CLIENT

WHITE OAK REALTY PARTNERS, LLC

Property Boundary

PROJECT

GEOTECHNICAL SUBSURFACE INVESTIGATION
8009 164TH AVE NE
REDMOND, WASHINGTON
TITLE

VICINITY MAP

1 IN = 2,000 FT

2,000

4,000
FEET

REFERENCE(S)
1. GOLDER (PROJECT LOCATION)
2. COORDINATE SYSTEM: NAD 1983 STATE PLANE WASHINGTON NORTH (FT)
3. SERVICE LAYER CREDITS: SOURCE: ESRI, MAXAR, GEOEYE, EARTHSTAR GEOGRAPHICS,
CNES/AIRBUS DS, USDA, USGS, AEROGRID, IGN, AND THE GIS USER COMMUNITY
SOURCES: ESRI, HERE, GARMIN, INTERMAP, INCREMENT P CORP., GEBCO, USGS, FAO, NPS,
NRCAN, GEOBASE, IGN, KADASTER NL, ORDNANCE SURVEY, ESRI JAPAN, METI, ESRI CHINA
(HONG KONG), (C) OPENSTREETMAP CONTRIBUTORS, AND THE GIS USER COMMUNITY

CONSULTANT

PROJECT NO.

2014746501

PHASE

200

YYYY-MM-DD

2021-09-09

DESIGNED

BVJ

PREPARED

KEO

REVIEWED

JH

APPROVED

REV.

A

JJ

1 in

0

FIGURE

1

0

PATH: G:\WhiteOakRealtyPartners\WO_164th_Ave\99_PROJECTS\2014746501_164AveGeotechExp\02_PRODUCTION\MXD\FIGURES\Rev0\2014746501_001_F1_Rev0_VicinityMap_WO164thAve.mxd PRINTED ON: 2021-09-09 AT: 12:55:46 PM

Property
Boundary

NE 81ST ST

MW-1

AB-6
AB-5
B-1
FORMER ARCO
GAS STATION

FORMER WASTE OIL UST

AB-3

FORMER HEATING OIL UST

AMW-6

164TH AVE NE

AB-2

AB-1
AB-4

MW-4

FORMER PUMP ISLANDS
FORMER USED OIL UST

B-2

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI D

FORMER PUMP ISLAND
FORMER GASOLINE USTS
AB-7

AB-8

MW-2

MW-3

NE 80TH ST

0
1'' = 16'

BORING (ASPECT)

CLIENT

PROJECT

WHITE OAK REALTY PARTNERS, LLC

GEOTECHNICAL SUBSURFACE INVESTIGATION
164TH AVE DEVELOPMENT
REDMOND, WA

MONITORING WELL (ASPECT)
CONSULTANT

YYYY-MM-DD

2021-09-09

DESIGNED

KO

GOLDER 2021 EXPLORATIONS (B-1 and B-2)

PREPARED

REDMOND

SUBJECT PROPERTY

REVIEWED

JH

APPROVED

JJ

MONITORING WELL (INNOVEX)

32
FEET

TITLE

SITE PLAN

1 in

LEGEND

16

PROJECT NO.

PHASE

REV.

2014746501

200

A

FIGURE

2

0

Path: \\redmond.golder.gds\data\geomatics\WhiteOakRealtyPartners\WO_164th_Ave\99_PROJECTS\2014746501_164AveGeotechExp\02_PRODUCTION\DWG\ | File Name: 2014746501_200_001.dwg | Last Edited By: kobermiller Date: 2021-09-09 Time:1:23:45 PM | Printed By: KObermiller Date: 2021-09-09 Time:2:16:11 PM

MW-5

NOTES
1. ALL DIMENSIONS IN FEET.
2. ALL PRESSURES IN POUNDS PER SQUARE FOOT (PSF).
3. ACTIVE PRESSURE ACTS OVER ENTIRE WALL FACE ABOVE EXCAVATION BASE AND OVER
ONE CONCRETED SOLDIER PILE DIAMETER BELOW EXCAVATION BASE.
4. PASSIVE PRESSURE ACTS OVER TWO TIMES CONCRETED SOLDIER PILE DIAMETER OR
THE PILE SPACING, WHICHEVER IS LESS.
5. IGNORE THE UPPER 2 FEET OF EMBEDMENT FOR PASSIVE RESISTANCE.
6. SURCHARGE LOADS ARE NOT INCLUDED ON THE DIAGRAM.
7. PASSIVE PRESSURE VALUES USED SHOULD INCLUDE AN APPROPRIATE FACTOR OF
SAFETY.
8. FOR AT-REST CASE, REPLACE Ka WITH K0.
9. FOR SEISMIC DESIGN, REPLACE Ka WITH Kae AND Kp WITH Kpe.
10. IF GROUNDWATER LEVEL IS ABOVE BASE OF EXCAVATION, THEN VALUE OF z USED TO
CALCULATE EARTH PRESSURE ON ACTIVE SIDE WILL BE NEGATIVE, AND VALUE OF z
USED TO CALCULATE EARTH PRESSURE ON PASSIVE SIDE SHOULD BE TAKEN AS 0.
HYDROSTATIC PRESSURE SHOULD ALSO BE CONSIDERED.

GROUND SURFACE

NO LOAD
ZONE

H

LEGEND
H = WALL HEIGHT
D = EMBEDMENT DEPTH
z = DEPTH TO GROUNDWATER
g1 = TOTAL UNIT WEIGHT OF SOIL
g2 = SUBMERGED UNIT WEIGHT OF SOIL
Ka = ACTIVE EARTH PRESSURE COEFFICIENT
Kp = PASSIVE EARTH PRESSURE COEFFICIENT
K0 = AT-REST EARTH PRESSURE COEFFICIENT
Kae = SEISMIC ACTIVE EARTH PRESSURE COEFFICIENT
Kpe = SEISMIC PASSIVE EARTH PRESSURE COEFFICIENT

2 ft

60

°

BASE OF EXCAVATION

z

H/4

GROUNDWATER LEVEL

Ka· g1·(H+z)

Kp· g1·z

Kp· g2·(D-z)

PROJECT

CLIENT

GEOTECHNICAL SUBSURFACE INVESTIGATION
8009 164TH AVE NE
REDMOND, WASHINGTON

WHITE OAK REALTY PARTNERS, LLC

CONSULTANT

YYYY-MM-DD

2021-09-09

DESIGNED

KO

PREPARED

REDMOND

REVIEWED

JH

APPROVED

JJ

TITLE

LATERAL EARTH PRESSURE DIAGRAM: CANTILEVER OR
SINGLE LEVEL OF TIEBACKS
PROJECT NO.

20147465

PHASE

200

REV.

----

1 in

Ka· g2·(D-z)

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI D

g2

FIGURE

3

0

Path: \\redmond.golder.gds\geomat$\geomatics\Legacy\Redmond_Square\99_PROJECTS\1661044_PhaseII_ESA\400_Geotech\ | File Name: 1661044_400_001.dwg

D

g1

LINE LOAD, Q

POINT LOAD, P

UNIFORM LOAD, q

GROUND SURFACE

GROUND SURFACE

GROUND
SURFACE

x = m·D

z = n·D

sh

D

D

z = n·D

x = m·D

sh

sh,0

BASE OF EXCAVATION

BASE OF EXCAVATION

BASE OF EXCAVATION

SECTION VIEW
CONTINUOUS FOOTING PARALLEL TO WALL FACE

UNIFORM LOAD

sh = K·q

(for m > 0.4)
POINT LOAD, P

1.28·K·Q·m 2·n
sh =
D·(m 2 + n2)2

a

sh,0

sh

x = m·D

(for m < 0.4)

sh =

0.2·K·Q·n
D·(0.16 + n2)2

ISOLATED SQUARE FOOTING
IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI D

sh = sh,0·cos2(1.1· a)
(for m > 0.4)

sh,0 =

1.77·K·Q·m 2·n 2
D2·(m 2 + n2)3

(for m < 0.4)

NOTES
1. ALL DIMENSIONS ARE IN FEET.
2. ALL ANGLES ARE IN RADIANS.

0.28·K·Q·n 2
D2·(0.16 + n 2)3

LEGEND
D = EXCAVATION DEPTH BELOW FOOTING, FEET
q = UNIT LOADING PRESSURE IN PSF
Q = UNIT LOADING FORCE, LBS/FT
P = LOAD, LBS
sh AND sh,0 = LATERAL SOIL PRESSURE IN PSF
a = ANGLE FROM LOADING

K-CONDITIONS
0.35 - ACTIVE EARTH PRESSURES ON A FLEXIBLE WALL
0.5 - AT-REST CONDITIONS WHERE SURCHARGE LOADS EXIST PRIOR TO EXCAVATION
1.0 - AT-REST CONDITIONS WHERE SURCHARGE LOADS ARE APPLIED AFTER CONSTRUCTION
OF PERMANENT WALL

PROJECT

CLIENT

GEOTECHNICAL SUBSURFACE INVESTIGATION
8009 164TH AVE NE
REDMOND, WASHINGTON

WHITE OAK REALTY PARTNERS, LLC

CONSULTANT

YYYY-MM-DD

2021-09-09

DESIGNED

KO

PREPARED

REDMOND

REVIEWED

JH

APPROVED

JJ

TITLE

LATERAL EARTH PRESSURE DIAGRAM:
SURCHARGES ACTING ON TEMPORARY AND PERMANENT
WALLS
PROJECT NO.

20147465

PHASE

200

REV.

----

1 in

sh,0 =

FIGURE

4

0

Path: \\redmond.golder.gds\geomat$\geomatics\Legacy\Redmond_Square\99_PROJECTS\1661044_PhaseII_ESA\400_Geotech\ | File Name: 1661044_400_001.dwg

PLAN VIEW

APPENDIX A

Borehole Records

STANDARD PRACTICE FOR CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES (ASTM D 2487)
SOIL CLASSIFICATION GENERALIZED
GROUP DESCRIPTIONS

CRITERIA FOR ASSIGNING GROUP SYMBOLS AND NAMES
GRAVELS
COARSE-GRAINED

SOILS MORE THAN
50% RETAINED ON
NO. 200 SIEVE

50% OR MORE OF
COARSE FRACTION
PASSES NO. 4 SIEVE

LIQUID LIMIT LESS
THAN 50

POORLY-GRADED GRAVELS

GRAVELS WITH FINES

GM

GRAVEL AND SILT MIXTURES

GC

GRAVEL AND CLAY MIXTURES

CLEAN SANDS

SW

WELL-GRADED SANDS

SP

NON- AND LOW-POORLY-GRADED SANDS

SANDS WITH FINES

SM

SAND AND SILT MIXTURES

LESS THAN 5% FINES

MORE THAN 12% FINES

SC

SAND AND CLAY MIXTURES

CL

LEAN CLAYS
SILTS AND ELASTIC SILTS
LEAN ORGANIC CLAYS

OL

ORGANIC SILTS AND ELASTIC ORGANIC SILTS

CH

INORGANIC

LIQUID LIMIT GREATER
THAN 50

WELL-GRADED GRAVELS

ML

ORGANIC

SILTS AND CLAYS

HIGHLY ORGANIC SOILS

GP

INORGANIC

SILTS AND CLAYS

50% OR MORE
PASSES THE NO. 200
SIEVE

GW

MORE THAN 12% FINES

SANDS

FINE-GRAINED SOILS

CLEAN GRAVELS

LESS THAN 5% FINES

MORE THAN 50% OF
COARSE FRACTION
RETAINED ON NO. 4
SIEVE

FAT CLAYS

MH

ORGANIC

ELASTIC SILTS

OH/OL

PRIMARILY ORGANIC MATTER, DARK IN
COLOR, AND ORGANIC ODOR

PT

ORGANIC CLAYS AND SILTS

PEAT

BASED ON: ASTM D2487-06

COMPONENT DEFINITIONS BY GRADATION

SOIL CONSISTENCY
COHESIONLESS SOILS (a)
DENSITY

COHESIVE SOILS
(c)

N, blows/ft.

VERY LOOSE
LOOSE

VERY SOFT
SOFT
FIRM
STIFF
VERY STIFF
HARD

0 to 4

4 to 10

MEDIUM DENSE

10 to 30

VERY DENSE

over 50

DENSE

CONSISTENCY

30 to 50

(b)

COMPONENT
(c)

N, blows/ft.
0 to 2
2 to 4
4 to 8
8 to 15
15 to 30
over 30

(a) SOILS CONSISTING OF GRAVEL, SAND, AND SILT, EITHER SEPARATELY OR IN
COMBINATION, POSSESSING NO CHARACTERISTICS OF PLASTICITY, AND EXHIBITING DRAINED
BEHAVIOR.
(b) SOILS POSSESSING THE CHARACTERISTICS OF PLASTICITY, AND EXHIBITING UNDRAINED
BEHAVIOR.
(c) REFER TO TEXT OF ASTM D 1586-84 FOR A DEFINITION OF N; IN NORMALLY CONSOLIDATED
COHESIONLESS SOILS. RELATIVE DENSITY TERMS ARE BASED ON N VALUES CORRECTED
FOR OVERBURDEN PRESSURES.
(d) UNDRAINED SHEAR STRENGTH = 1/2 UNCONFINED COMPRESSION STRENGTH.

QUALITATIVE DESCRIPTIVE TERMINOLOGY
FOR MOISTURE CONTENT
DRY

MOIST
WET

NO DISCERNIBLE MOISTURE PRESENT
WILL MOISTEN THE HAND

VISIBLE WATER PRESENT ON MATERIALS

SILT

TYPICAL UNIFIED
DESIGNATION

ML (NON-PLASTIC)

CLAYEY SILT

CL-ML (LOW PLASTICITY)

FAT CLAY

CH

CLAY

ELASTIC SILT

ORGANIC SOILS

CL

MH

BOULDERS

ABOVE 300 mm (12 in)

COBBLES

75 mm (3 in) to 300 mm (12 in)

GRAVEL
COARSE GRAVEL
FINE GRAVEL

4.75 mm (No. 4) to 75 mm (3 in)
19 mm (3/4 in) to 75 mm (3 in)
4.75 mm (No. 4) to 19 mm (3/4 in)

SAND
COARSE SAND
MEDIUM SAND
FINE SAND

0.075mm (No. 200) to 4.75mm (No. 4)
2.0 mm (No. 10) to 4.75 mm (No. 4)
0.42 mm (No. 40) to 2.0 mm (No. 10)
0.075 mm (No. 200) to 0.42 mm (No. 40)

SILT AND CLAY

SMALLER THAN 0.075mm (No. 200)

DESCRIPTIVE TERMINOLOGY DENOTING
COMPONENT PROPORTIONS
DESCRIPTIVE TERMS RANGE OF PROPORTION
TRACE
FEW
LITTLE
SOME

SILT AND CLAY DESCRIPTIONS
DESCRIPTION

SIZE RANGE

SYMBOL
SS
BK
GB
ST
MC
HQ
TP

0-5%
5-10%
15-25%
30-45%

SAMPLE TYPES
DESCRIPTION

2" O.D. SPLIT SPOON
BULK
GRAB SAMPLE
SHELBY TUBE
2 21" I.D. CAL. MOD. SAMPLER
DIAMOND ROCK CORE SAMPLE
PITCHER BARREL SAMPLE

OL, OH, Pt

SOIL CLASSIFICATION LEGEND

RECORD OF BOREHOLE: B-1
PROJECT NO:

2014746501.100

INCLINATION:

LOCATION:

8009 164th Ave NE

CONTRACTOR: Holocene Drilling

42.0 ft (Ground)

NAD83

SS

53

3-9-6

15

S-4

SS

17

6-7-8

15

S-5

SS

53

10-21-23

44

S-6

SS

27

13-33-34

67

S-7

SS

60

26-33-34

67

S-8

SS

53

20-27-24

51

S-9

SS

53

22-25-28

53

SPT N Value

GROUNDWATER
OBSERVATIONS

S-3

ADDITIONAL
LAB TESTING

21

SAND

3-10-11

FINES

20

GRAVEL

SS

ORGANIC CONTENT %

SP WA North FIPS 4601 Ft

HORZ DATUM:

25

S-2

20

14

15

7-8-6

10

27

5

N-VALUE

SS

Plastic & Liquid
Limits (%)
Water Content (%)
NP
Nonplastic
0

BLOWS

S-1

REC %

ELEV.
--------DEPTH
(ft)

COORD SYS:

WATER CONTENT GRADATION %

Hammer: Automatic
ASTM D1586, Blows per 6 in
140-lb hammer, 30-in drop

TYPE

USCS

90.0°

SAMPLES
STRATA
PLOT

DESCRIPTION

ELEVATION:

COORDINATES: N: 245396.7 ft E: 1321653.6 ft

NUMBER

2

August 04, 2021

MATERIAL PROFILE

3" Asphalt Pavement Thickness
(SW) Well graded SAND with
gravel, mostly medium to coarse
sand, some fine to coarse
subrounded to subangular sand,
trace non-plastic fines; dark
orangish brown; moist, medium
dense.

1

DATE:

PENETRATION
RESISTANCE
BLOWS/FT
20 40 60 80

0.0
41.7
0.3

SW

DRILL RIG

164th Ave Geotech Investigation

DRILL METHOD

White Oak Realty Partners, LLC

PROJECT:

DEPTH (ft)

CLIENT:

Sheet 1 of 3

3

4

6

7

37.5
4.5
GW

(GW) Well graded GRAVEL with
sand, fine to coarse subrounded
to subangular gravel, little
medium to coarse sand; mottled
brownish gray, OUTWASH; moist,
medium dense.

5

35.0
7.0

(GP) Poorly graded GRAVEL with
sand, fine to coarse subrounded
to subangular gravel, some fine
to coarse sand, trace non-plastic
fines; gray mottled brownish gray,
OUTWASH; moist, medium
dense to very dense

8

9

49 46

5

21766

58 38

4

21767

60 33

7

21768

10

13

- 12.0 ft: iron oxide staining

GP

Mud Rotary

12

B-58 Truck

11

14

15

16

17

18

19

25.0
17.0

(GW-GM) Well graded GRAVEL
with silt and sand, fine to coarse
subrounded to subangular gravel,
little medium to coarse
subrounded to subangular sand,
few non-plastic fines; dark
brownish gray, OUTWASH; moist,
very dense.

GW-GM

20

21

23

24

25

(GW) Well graded GRAVEL, fine
to coarse subangular to angular
gravel, few medium to coarse
sand, trace non-plastic fines;
mottled brownish gray,
OUTWASH; moist, very dense.

GW

22

17.5
24.5

Continued on Next Page

REV:

A

Golder - 3 Imperial US / ASTM D2487 Auto (most common ASTM) / 2021-09-09

LOGGED: Esten King

DATE: Aug 04, 2021

CHECKED: A. McMillin

DATE: Sep 09, 2021

RECORD OF BOREHOLE: B-1
PROJECT NO:

2014746501.100

INCLINATION:

LOCATION:

8009 164th Ave NE

CONTRACTOR: Holocene Drilling

DATE:

42.0 ft (Ground)

NAD83

SS

33

13-11-9

20

S-13

SS

10-9-9

18

S-14

SS

7

9-10-10

20

S-15

MC

93

11-14

25

SPT N Value

GROUNDWATER
OBSERVATIONS

S-12

2

ADDITIONAL
LAB TESTING

36

SAND

5-17-19

FINES

20

GRAVEL

SS

86 12

ORGANIC CONTENT %

SP WA North FIPS 4601 Ft

HORZ DATUM:

25

S-11

20

100

15

15-50-50

10

33

5

N-VALUE

SS

Plastic & Liquid
Limits (%)
Water Content (%)
NP
Nonplastic
0

BLOWS

28

S-10

REC %

ELEV.
--------DEPTH
(ft)

COORD SYS:

WATER CONTENT GRADATION %

SAMPLES
Hammer: Automatic
ASTM D1586, Blows per 6 in
140-lb hammer, 30-in drop

TYPE

27

90.0°

NUMBER

USCS

DESCRIPTION

ELEVATION:

COORDINATES: N: 245396.7 ft E: 1321653.6 ft

(GW) Well graded GRAVEL, fine
to coarse subangular to angular
gravel, few medium to coarse
sand, trace non-plastic fines;
mottled brownish gray,
OUTWASH; moist, very dense.

26

August 04, 2021

MATERIAL PROFILE
STRATA
PLOT

DRILL RIG

164th Ave Geotech Investigation

DRILL METHOD

White Oak Realty Partners, LLC

PROJECT:

DEPTH (ft)

CLIENT:

Sheet 2 of 3

PENETRATION
RESISTANCE
BLOWS/FT
20 40 60 80

21769

29

31

12.5
29.5

GW

(GW) Well graded GRAVEL with
sand, fine to coarse subrounded
to subangular gravel, some
medium to coarse sand, trace
non-plastic fines; dark brownish
gray, iron oxide staining,
OUTWASH; wet, medium dense.

30

32

33

34

35

- 35.0 to 36.5 ft: No recovery

38

39

Mud Rotary

37

B-58 Truck

36

4.0
38.0

(GP) Poorly graded GRAVEL,
fine to coarse subangular to
angular gravel, trace medium to
coarse sand; mottled brownish
gray; wet, medium dense.

GP

40

41

42

43

44

45

-1.0
43.0

(SP-SM) Poorly graded SAND
with silt, mostly fine to medium
sand, few non-plastic fines; very
dark gray, homogeneous,
OUTWASH; moist, medium
dense to very dense.

SP-SM

46

47

48

49

50

Continued on Next Page

REV:

A

Golder - 3 Imperial US / ASTM D2487 Auto (most common ASTM) / 2021-09-09

LOGGED: Esten King

DATE: Aug 04, 2021

CHECKED: A. McMillin

DATE: Sep 09, 2021

RECORD OF BOREHOLE: B-1
PROJECT NO:

2014746501.100

INCLINATION:

LOCATION:

8009 164th Ave NE

CONTRACTOR: Holocene Drilling

DATE:

42.0 ft (Ground)

NAD83

SPT N Value

GROUNDWATER
OBSERVATIONS

ADDITIONAL
LAB TESTING

SAND

57

FINES

28-29

GRAVEL

73

ORGANIC CONTENT %

SP WA North FIPS 4601 Ft

HORZ DATUM:

25

54

20

26-28

15

MC

93

10

S-18

34

5

MC

N-VALUE

S-17

12-13-21

Plastic & Liquid
Limits (%)
Water Content (%)
NP
Nonplastic
0

SS

BLOWS

S-16

REC %

ELEV.
--------DEPTH
(ft)

COORD SYS:

WATER CONTENT GRADATION %

SAMPLES

TYPE

52

90.0°

Hammer: Automatic
ASTM D1586, Blows per 6 in
140-lb hammer, 30-in drop

NUMBER

USCS

DESCRIPTION

ELEVATION:

COORDINATES: N: 245396.7 ft E: 1321653.6 ft

(SP-SM) Poorly graded SAND
with silt, mostly fine to medium
sand, few non-plastic fines; very
dark gray, homogeneous,
OUTWASH; moist, medium
dense to very dense.
- 50.0 to 51.5 ft: No recovery

51

August 04, 2021

MATERIAL PROFILE
STRATA
PLOT

DRILL RIG

164th Ave Geotech Investigation

DRILL METHOD

White Oak Realty Partners, LLC

PROJECT:

DEPTH (ft)

CLIENT:

Sheet 3 of 3

PENETRATION
RESISTANCE
BLOWS/FT
20 40 60 80

53

54

SP-SM

Mud Rotary

56

B-58 Truck

55

0

95

5

21770

57

58

59

60

61

-19.5
End of hole at 61.5 ft.
62

63

64

65

66

67

68

69

70

71

72

73

74

75

REV:

A

Golder - 3 Imperial US / ASTM D2487 Auto (most common ASTM) / 2021-09-09

LOGGED: Esten King

DATE: Aug 04, 2021

CHECKED: A. McMillin

DATE: Sep 09, 2021

RECORD OF BOREHOLE: B-2
PROJECT NO:

2014746501.100

INCLINATION:

LOCATION:

8009 164th Ave NE

CONTRACTOR: Holocene Drilling

August 05, 2021

42.0 ft (Ground)

47

MC

67

45-46

91

S-6

MC

73

50-67

117

S-7

MC

60

45-67

112

S-8

MC

53

37-35

72

S-9

MC

40

42-32

74

SPT N Value

GROUNDWATER
OBSERVATIONS

22-25

ADDITIONAL
LAB TESTING

67

SAND

100

ORGANIC CONTENT %

NAD83

FINES

S-5

50-50

GRAVEL

MC

SP WA North FIPS 4601 Ft

HORZ DATUM:

25

S-4

15

20

MC

7-8

15

S-3

22

10

MC

9-10-12

5

S-2

N-VALUE

SS

Plastic & Liquid
Limits (%)
Water Content (%)
NP
Nonplastic
0

S-1

REC %

ELEV.
--------DEPTH
(ft)

COORD SYS:

WATER CONTENT GRADATION %

SAMPLES

BLOWS

- 2.5 to 4.0 ft: No recovery; gravel
lodged in shoe

90.0°

Hammer: Automatic
ASTM D1586, Blows per 6 in
140-lb hammer, 30-in drop

TYPE

3

ELEVATION:

COORDINATES: N: 248922.8 ft E: 1322963.7 ft

NUMBER

2

USCS

DESCRIPTION

3" Asphalt Pavement Thickness
(SM) Silty SAND, mostly medium
to coarse sand, some non-plastic
fines, few fine subrounded to
subangular gravel; very dark
blackish brown, FILL; moist,
medium dense to very dense.

1

DATE:

MATERIAL PROFILE
STRATA
PLOT

DRILL RIG

164th Ave Geotech Investigation

DRILL METHOD

White Oak Realty Partners, LLC

PROJECT:

DEPTH (ft)

CLIENT:

Sheet 1 of 3

PENETRATION
RESISTANCE
BLOWS/FT
20 40 60 80

0.0
41.7
0.3

SM

4

5

6

60

7

- 7.5 to 9.0 ft: No recovery
8

9

13

Mud Rotary

12

B-58 Truck

11

(GP-GM) Poorly graded GRAVEL
with silt and sand, mostly fine to
coarse subrounded to subangular
gravel, little to some fine to
coarse sand, few non-plastic
fines; light gray to grayish brown,
iron oxide staining, OUTWASH;
moist, dense to very dense.

32.5
9.5

55 40

5

21771

66 29

5

21772

GP-GM

10

14

16

17

(GP) Poorly graded GRAVEL with
sand, mostly fine to coarse
subrounded to subangular gravel,
little to some fine to coarse sand,
trace non-plastic fines; light gray
to grayish brown, iron oxide
staining, OUTWASH; moist, very
dense.

27.5
14.5

GP

15

18

19

22

23

24

25

(SW) Well graded SAND with
gravel, mostly medium to coarse
SAND, some fine to coarse
subrounded to subangular gravel,
trace non-plastic fines; greenish
gray, OUTWASH; wet, dense to
very dense.

22.5
19.5
GW

21

(GW) Well graded GRAVEL with
sand, mostly fine to coarse
subrounded to subangular gravel,
little medium to coarse sand,
trace non-plastic fines; light
brownish gray, OUTWASH; moist
to wet, very dense.

20.0
22.0

SW

20

Continued on Next Page
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Golder - 3 Imperial US / ASTM D2487 Auto (most common ASTM) / 2021-09-09

LOGGED: Esten King

DATE: Aug 05, 2021

CHECKED: A. McMillin

DATE: Sep 09, 2021

RECORD OF BOREHOLE: B-2
PROJECT NO:

2014746501.100

INCLINATION:

LOCATION:

8009 164th Ave NE

CONTRACTOR: Holocene Drilling

NAD83

MC

73

10-12

22

S-13

MC

73

10-13

23

S-14

MC

80

14-17

31

S-15

MC

87

18-22

40

SPT N Value

GROUNDWATER
OBSERVATIONS

S-12

ADDITIONAL
LAB TESTING

30

SAND

18-12

FINES

80

GRAVEL

MC

ORGANIC CONTENT %

SP WA North FIPS 4601 Ft

HORZ DATUM:

25

S-11

20

46

15

18-28

10

53

5

N-VALUE

MC

Plastic & Liquid
Limits (%)
Water Content (%)
NP
Nonplastic
0

S-10

REC %

USCS

ELEV.
--------DEPTH
(ft)

BLOWS

29

42.0 ft (Ground)

COORD SYS:

WATER CONTENT GRADATION %

Hammer: Automatic
ASTM D1586, Blows per 6 in
140-lb hammer, 30-in drop

TYPE

28

90.0°

SAMPLES
STRATA
PLOT

DESCRIPTION

ELEVATION:

COORDINATES: N: 248922.8 ft E: 1322963.7 ft

NUMBER

27

August 05, 2021

MATERIAL PROFILE

(SW) Well graded SAND with
gravel, mostly medium to coarse
SAND, some fine to coarse
subrounded to subangular gravel,
trace non-plastic fines; greenish
gray, OUTWASH; wet, dense to
very dense.
(SP) Poorly graded SAND with
gravel, mostly fine to medium
sand, little fine gravel, trace nonplastic fines; tannish gray,
stratified, OUTWASH; moist,
medium dense.

26

DATE:

SW

DRILL RIG

164th Ave Geotech Investigation

DRILL METHOD

White Oak Realty Partners, LLC

PROJECT:

DEPTH (ft)

CLIENT:

Sheet 2 of 3

PENETRATION
RESISTANCE
BLOWS/FT
20 40 60 80

15.0
27.0

30

31

18 78

4

21773

0

4

21774

32

33

34

35

39

(SP) Poorly graded SAND, mostly
fine to medium sand, trace nonplastic fines; tannish gray,
stratified, OUTWASH; moist,
dense.

SP

38

Mud Rotary

37

B-58 Truck

36

4.0
38.0

40

41

42

43

44

45

46

96

47

48

49

50

Continued on Next Page

REV:

A

Golder - 3 Imperial US / ASTM D2487 Auto (most common ASTM) / 2021-09-09

LOGGED: Esten King

DATE: Aug 05, 2021

CHECKED: A. McMillin

DATE: Sep 09, 2021

RECORD OF BOREHOLE: B-2
PROJECT NO:

2014746501.100

INCLINATION:

LOCATION:

8009 164th Ave NE

CONTRACTOR: Holocene Drilling

DATE:

42.0 ft (Ground)

44

S-18

SS

67

19-20-25

45

SPT N Value

GROUNDWATER
OBSERVATIONS

20-24

SAND

80

ADDITIONAL
LAB TESTING

NAD83

FINES

MC

GRAVEL

S-17A
-14.0
56.0 S-17B

25

38

20

18-20

15

73

10

N-VALUE

MC

5

BLOWS

S-16

Plastic & Liquid
Limits (%)
Water Content (%)
NP
Nonplastic
0

TYPE

Hammer: Automatic
ASTM D1586, Blows per 6 in
140-lb hammer, 30-in drop

REC %

SP WA North FIPS 4601 Ft

HORZ DATUM:

WATER CONTENT GRADATION %

SAMPLES
ELEV.
--------DEPTH
(ft)

COORD SYS:

ORGANIC CONTENT %

90.0°

NUMBER

USCS

DESCRIPTION

ELEVATION:

COORDINATES: N: 248922.8 ft E: 1322963.7 ft

(SP) Poorly graded SAND, mostly
fine to medium sand, trace nonplastic fines; tannish gray,
stratified, OUTWASH; moist,
dense.

51

August 05, 2021

MATERIAL PROFILE
STRATA
PLOT

DRILL RIG

164th Ave Geotech Investigation

DRILL METHOD

White Oak Realty Partners, LLC

PROJECT:

DEPTH (ft)

CLIENT:

Sheet 3 of 3

PENETRATION
RESISTANCE
BLOWS/FT
20 40 60 80

52

53

54

57

SP

Mud Rotary

56

B-58 Truck

55

(SP) Poorly graded SAND, mostly
fine sand, trace non-plastic fines,
dark bluish gray, OUTWASH;
moist, dense.

58

59

60

61

-19.5
End of hole at 61.5 ft.
62

63

Hole sampled using a Modified
California sampler (MC) with 3-inch
outside diameter.

64

65

66

67

68

69

70

71

72

73

74

75
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APPENDIX B

Laboratory Results

AAR TESTING AND INSPECTION, INC.
7126 180th Avenue NE, Suite C101
Redmond, Washington 98188
www.aartesting.com
425.881.5812 | O

August 19, 2021
AAR Project Number: 21-450

Kyle Obermiller
Golder
18300 NE Union Hill Road, Suite 200
Redmond, WA 98052
SUBJECT:
TESTING REPORT
White Oak 164th Ave Development

Mr. Obermiller:
In accordance with your request, AAR Testing and Inspection, Inc. (AAR) has performed ASTM D2216:
Moisture Content of Soils and ASTM D6913 Gradation Analysis on materials as delivered from the above
referenced project.
The results of the testing can be found in the testing folder and on the Golder data master sheet.
We hope this will answer any questions you may have, if any should arise or we if can be of further
assistance please do not hesitate to give us a call.
Sincerely,
AAR TESTING & INSPECTION, INC.

Stu Swenson, CET
Laboratory Manager

Page 1 of 1
Test results apply only to the items herein tested. This report shall not be reproduced except in full, without the written approval of AAR Testing
and Inspection, Inc.

#200

#140

#100

#60

#40

#30

#20

#10

#4

3/8 in.

½ in.

¾ in.

1 in.

1½ in.

2 in.

3 in.

6 in.

These results are for the exclusive use of the client for whom they were obtained. They apply only to the samples tested and are not indicitive of apparently identical samples.
PERCENT FINER

Particle Size Distribution Report
100
90
80
70
60
50
40
30
20
10
0

100

10

1

0.1

0.01

0.001

GRAIN SIZE - mm.
% Gravel
Coarse
Fine

% +3"

0

10

Coarse

39

9

Test Results (ASTM D6913 & ASTM D1140)
Percent
Spec.*
Pass?

Opening
Size

Finer

1 1/2
1 1/4
1
3/4
5/8
1/2
3/8
#4
#10
#20
#40
#60
#80
#100
#200

100
100
90
90
84
75
67
51
42
28
14
9
7
7
4.8

(Percent)

% Sand
Medium

% Fines
Silt

Fine

28

9

Clay

5

Material Description
Poorly graded gravel with sand

(X=Fail)

Atterberg Limits (ASTM D 4318)
PL=

LL=

PI=

Classification
USCS (D 2487)= GP

AASHTO (M 145)=

Coefficients
D90= 18.6167
D50= 4.3588
D10= 0.2928

D85= 16.2585
D30= 0.9348
Cu= 24.92

D60= 7.2967
D15= 0.4595
Cc= 0.41

Remarks

As Received Moisture: 8.0%
F.M.=4.77
Date Received: 08/12/2021
Tested By: Tama Lewis

Date Tested: 08/12/2021

Checked By: Stu Swenson, CET
Title: Laboratory Manager
* (no specification provided)

Source of Sample: B-1 S-3
Sample Number: 21766

Depth: 7.5

A.A.R.
Testing
Laboratory, Inc.

Date Sampled: 08/04/2021
Client: Golder Associates
Project: White Oak 164th Ave Development
Project No: 21-450

.

#200

#140

#100

#60

#40

#30

#20

#10

#4

3/8 in.

½ in.

¾ in.

1 in.

1½ in.

2 in.

3 in.

6 in.

These results are for the exclusive use of the client for whom they were obtained. They apply only to the samples tested and are not indicitive of apparently identical samples.
PERCENT FINER

Particle Size Distribution Report
100
90
80
70
60
50
40
30
20
10
0

100

10

1

0.1

0.01

0.001

GRAIN SIZE - mm.
% Gravel
Coarse
Fine

% +3"

0

19

Coarse

39

6

Test Results (ASTM D6913 & ASTM D1140)
Percent
Spec.*
Pass?

Opening
Size

Finer

1 1/2
1 1/4
1
3/4
5/8
1/2
3/8
#4
#10
#20
#40
#60
#80
#100
#200

100
100
94
81
77
61
53
42
36
27
16
9
7
6
4.3

(Percent)

% Sand
Medium

% Fines
Silt

Fine

20

12

4

Material Description
Poorly graded gravel with sand

(X=Fail)

Atterberg Limits (ASTM D 4318)
PL=

LL=

PI=

Classification
USCS (D 2487)= GP

AASHTO (M 145)=

Coefficients
D90= 23.3572
D50= 8.0857
D10= 0.2738

D85= 21.3291
D30= 1.0849
Cu= 45.45

D60= 12.4432
D15= 0.4026
Cc= 0.35

Remarks

As Received Moisture: 7.6%
F.M.=5.20
Date Received: 08/12/2021
Tested By: Tama Lewis

Date Tested: 08/12/2021

Checked By: Stu Swenson, CET
Title: Laboratory Manager
* (no specification provided)

Source of Sample: B-1 S-5
Sample Number: 21767

Depth: 12.5

A.A.R.
Testing
Laboratory, Inc.

Date Sampled:
Client: Golder Associates
Project: White Oak 164th Ave Development
Project No: 21-450

.

Clay

#200

#140

#100

#60

#40

#30

#20

#10

#4

3/8 in.

½ in.

¾ in.

1 in.

1½ in.

2 in.

3 in.

6 in.

These results are for the exclusive use of the client for whom they were obtained. They apply only to the samples tested and are not indicitive of apparently identical samples.
PERCENT FINER

Particle Size Distribution Report
100
90
80
70
60
50
40
30
20
10
0

100

10

1

0.1

0.01

0.001

GRAIN SIZE - mm.
% Gravel
Coarse
Fine

% +3"

0

33

Coarse

27

11

Test Results (ASTM D6913 & ASTM D1140)
Percent
Spec.*
Pass?

Opening
Size

Finer

1 1/2
1 1/4
1
3/4
5/8
1/2
3/8
#4
#10
#20
#40
#60
#80
#100
#200

100
100
88
67
62
56
53
40
29
21
17
14
11
10
7.3

(Percent)

% Sand
Medium

% Fines
Silt

Fine

12

10

7

Material Description
Well graded gravel with silt and sand

(X=Fail)

Atterberg Limits (ASTM D 4318)
PL=

LL=

PI=

Classification
USCS (D 2487)= GW-GM AASHTO (M 145)=

Coefficients
D90= 26.1838
D50= 7.5179
D10= 0.1439

D85= 24.5408
D30= 2.2462
Cu= 102.86

D60= 14.8042
D15= 0.3101
Cc= 2.37

Remarks

As Received Moisture: 8.8%
F.M.=5.42
Date Received: 08/12/2021
Tested By: Tama Lewis

Date Tested: 08/12/2021

Checked By: Stu Swenson, CET
Title: Laboratory Manager
* (no specification provided)

Source of Sample: B-1 S-8/S-9
Sample Number: 21768

A.A.R.
Testing
Laboratory, Inc.

Depth: 22

Date Sampled:

Client: Golder Associates
Project: White Oak 164th Ave Development
Project No: 21-450

.

Clay

#200

#140

#100

#60

#40

#30

#20

#10

#4

3/8 in.

½ in.

¾ in.

1 in.

1½ in.

2 in.

3 in.

6 in.

These results are for the exclusive use of the client for whom they were obtained. They apply only to the samples tested and are not indicitive of apparently identical samples.
PERCENT FINER

Particle Size Distribution Report
100
90
80
70
60
50
40
30
20
10
0

100

10

1

0.1

0.01

0.001

GRAIN SIZE - mm.
% Gravel
Coarse
Fine

% +3"

0

27

Coarse

59

6

Test Results (ASTM D6913 & ASTM D1140)
Percent
Spec.*
Pass?

Opening
Size

Finer

1 1/2
1 1/4
1
3/4
5/8
1/2
3/8
#4
#10
#20
#40
#60
#80
#100
#200

100
100
100
73
54
34
28
14
8
6
4
3
3
2
1.7

(Percent)

% Sand
Medium

% Fines
Silt

Fine

4

2

2

Material Description
Well graded gravel

(X=Fail)

Atterberg Limits (ASTM D 4318)
PL=

LL=

PI=

Classification
USCS (D 2487)= GW

AASHTO (M 145)=

Coefficients
D90= 22.1602
D50= 15.3133
D10= 3.6364

D85= 21.1323
D30= 11.4249
Cu= 4.64

D60= 16.8624
D15= 5.1079
Cc= 2.13

Remarks

As Received Moisture: 6.5%
F.M.=6.60
Date Received: 08/12/2021
Tested By: Tama Lewis

Date Tested: 08/12/2021

Checked By: Stu Swenson, CET
Title: Laboratory Manager
* (no specification provided)

Source of Sample: B-1 S-10/S-11
Sample Number: 21769

A.A.R.
Testing
Laboratory, Inc.

Depth: 27

Date Sampled:

Client: Golder Associates
Project: White Oak 164th Ave Development
Project No: 21-450

.

Clay

#200

#140

#100

#60

#40

#30

#20

#10

#4

3/8 in.

½ in.

¾ in.

1 in.

1½ in.

2 in.

3 in.

6 in.

These results are for the exclusive use of the client for whom they were obtained. They apply only to the samples tested and are not indicitive of apparently identical samples.
PERCENT FINER

Particle Size Distribution Report
100
90
80
70
60
50
40
30
20
10
0

100

10

1

0.1

0.01

0.001

GRAIN SIZE - mm.
% Gravel
Coarse
Fine

% +3"

0

0

Coarse

0

0

Test Results (ASTM D6913 & ASTM D1140)
Percent
Spec.*
Pass?

Opening
Size

Finer

1 1/2
1 1/4
1
3/4
5/8
1/2
3/8
#4
#10
#20
#40
#60
#80
#100
#200

100
100
100
100
100
100
100
100
100
100
94
61
27
17
5.4

(Percent)

% Sand
Medium

% Fines
Silt

Fine

6

89

5

Material Description
Poorly graded sand with silt

(X=Fail)

Atterberg Limits (ASTM D 4318)
PL=

LL=

PI=

Classification
USCS (D 2487)= SP-SM

AASHTO (M 145)=

Coefficients
D90= 0.3831
D50= 0.2254
D10= 0.1185

D85= 0.3437
D30= 0.1859
Cu= 2.09

D60= 0.2474
D15= 0.1421
Cc= 1.18

Remarks

As Received Moisture: 13.9%
F.M.=1.09
Date Received: 08/12/2021
Tested By: Tama Lewis

Date Tested: 08/12/2021

Checked By: Stu Swenson, CET
Title: Laboratory Manager
* (no specification provided)

Source of Sample: B-1 S-17
Sample Number: 21770

Depth: 55

A.A.R.
Testing
Laboratory, Inc.

Date Sampled:
Client: Golder Associates
Project: White Oak 164th Ave Development
Project No: 21-450

.

Clay

#200

#140

#100

#60

#40

#30

#20

#10

#4

3/8 in.

½ in.

¾ in.

1 in.

1½ in.

2 in.

3 in.

6 in.

These results are for the exclusive use of the client for whom they were obtained. They apply only to the samples tested and are not indicitive of apparently identical samples.
PERCENT FINER

Particle Size Distribution Report
100
90
80
70
60
50
40
30
20
10
0

100

10

1

0.1

0.01

0.001

GRAIN SIZE - mm.
% Gravel
Coarse
Fine

% +3"

0

32

Coarse

23

10

Test Results (ASTM D6913 & ASTM D1140)
Percent
Spec.*
Pass?

Opening
Size

Finer

2 1/2
2
1 1/2
1 1/4
1
3/4
5/8
1/2
3/8
#4
#10
#20
#40
#60
#80
#100
#200

100
81
81
76
76
68
63
56
54
45
35
23
14
10
8
7
5.3

(Percent)

% Sand
Medium

% Fines
Silt

Fine

21

9

5

Material Description
Poorly graded gravel with silt and sand

(X=Fail)

Atterberg Limits (ASTM D 4318)
PL=

LL=

PI=

Classification
USCS (D 2487)= GP-GM

AASHTO (M 145)=

Coefficients
D90= 57.7183
D50= 6.3038
D10= 0.2537

D85= 54.4887
D30= 1.3823
Cu= 56.97

D60= 14.4558
D15= 0.4544
Cc= 0.52

Remarks

As Received Moisture: 5.7%
F.M.=5.50
Date Received: 08/12/2021
Tested By: Tama Lewis

Date Tested: 08/12/2021

Checked By: Stu Swenson, CET
Title: Laboratory Manager
* (no specification provided)

Source of Sample: B-2 S-4/S-5
Sample Number: 21771

A.A.R.
Testing
Laboratory, Inc.

Depth: 12

Date Sampled:

Client: Golder Associates
Project: White Oak 164th Ave Development
Project No: 21-450

.

Clay

#200

#140

#100

#60

#40

#30

#20

#10

#4

3/8 in.

½ in.

¾ in.

1 in.

1½ in.

2 in.

3 in.

6 in.

These results are for the exclusive use of the client for whom they were obtained. They apply only to the samples tested and are not indicitive of apparently identical samples.
PERCENT FINER

Particle Size Distribution Report
100
90
80
70
60
50
40
30
20
10
0

100

10

1

0.1

0.01

0.001

GRAIN SIZE - mm.
% Gravel
Coarse
Fine

% +3"

0

39

Coarse

27

10

Test Results (ASTM D6913 & ASTM D1140)
Percent
Spec.*
Pass?

Opening
Size

Finer

1 1/2
1 1/4
1
3/4
5/8
1/2
3/8
#4
#10
#20
#40
#60
#80
#100
#200

100
89
76
61
58
49
45
34
24
17
13
11
8
7
4.6

(Percent)

% Sand
Medium

% Fines
Silt

Fine

11

8

5

Material Description
Poorly graded gravel with sand

(X=Fail)

Atterberg Limits (ASTM D 4318)
PL=

LL=

PI=

Classification
USCS (D 2487)= GP

AASHTO (M 145)=

Coefficients
D90= 32.1357
D50= 12.9259
D10= 0.2216

D85= 29.4583
D30= 3.5558
Cu= 80.03

D60= 17.7307
D15= 0.5853
Cc= 3.22

Remarks

As Received Moisture: 5.1%
F.M.=5.79
Date Received: 08/12/2021
Tested By: Tama Lewis

Date Tested: 08/12/2021

Checked By: Stu Swenson, CET
Title: Laboratory Manager
* (no specification provided)

Source of Sample: B-2 S-6/S-7
Sample Number: 21772

A.A.R.
Testing
Laboratory, Inc.

Depth: 17

Date Sampled:

Client: Golder Associates
Project: White Oak 164th Ave Development
Project No: 21-450

.

Clay

#200

#140

#100

#60

#40

#30

#20

#10

#4

3/8 in.

½ in.

¾ in.

1 in.

1½ in.

2 in.

3 in.

6 in.

These results are for the exclusive use of the client for whom they were obtained. They apply only to the samples tested and are not indicitive of apparently identical samples.
PERCENT FINER

Particle Size Distribution Report
100
90
80
70
60
50
40
30
20
10
0

100

10

1

0.1

0.01

0.001

GRAIN SIZE - mm.
% Gravel
Coarse
Fine

% +3"

0

0

Coarse

18

3

Test Results (ASTM D6913 & ASTM D1140)
Percent
Spec.*
Pass?

Opening
Size

Finer

1 1/2
1 1/4
1
3/4
5/8
1/2
3/8
#4
#10
#20
#40
#60
#80
#100
#200

100
100
100
100
94
90
89
82
79
76
60
27
13
10
4.5

(Percent)

% Sand
Medium

% Fines
Silt

Fine

19

56

4

Material Description
Poorly graded sand with gravel

(X=Fail)

Atterberg Limits (ASTM D 4318)
PL=

LL=

PI=

Classification
USCS (D 2487)= SP

AASHTO (M 145)=

Coefficients
D90= 12.1519
D50= 0.3594
D10= 0.1549

D85= 6.3995
D30= 0.2638
Cu= 2.76

D60= 0.4283
D15= 0.1932
Cc= 1.05

Remarks

As Received Moisture: 12.7%
F.M.=2.52
Date Received: 08/12/2021
Tested By: Tama Lewis

Date Tested: 08/12/2021

Checked By: Stu Swenson, CET
Title: Laboratory Manager
* (no specification provided)

Source of Sample: B-2 S-12
Sample Number: 21773

Depth: 30

A.A.R.
Testing
Laboratory, Inc.

Date Sampled:
Client: Golder Associates
Project: White Oak 164th Ave Development
Project No: 21-450

.

Clay

#200

#140

#100

#60

#40

#30

#20

#10

#4

3/8 in.

½ in.

¾ in.

1 in.

1½ in.

2 in.

3 in.

6 in.

These results are for the exclusive use of the client for whom they were obtained. They apply only to the samples tested and are not indicitive of apparently identical samples.
PERCENT FINER

Particle Size Distribution Report
100
90
80
70
60
50
40
30
20
10
0

100

10

1

0.1

0.01

0.001

GRAIN SIZE - mm.
% Gravel
Coarse
Fine

% +3"

0

0

Coarse

0

0

Test Results (ASTM D6913 & ASTM D1140)
Percent
Spec.*
Pass?

Opening
Size

Finer

1 1/2
1 1/4
1
3/4
5/8
1/2
3/8
#4
#10
#20
#40
#60
#80
#100
#200

100
100
100
100
100
100
100
100
100
100
87
46
21
14
3.9

(Percent)

% Sand
Medium

% Fines
Silt

Fine

13

83

4

Material Description
Poorly graded sand

(X=Fail)

Atterberg Limits (ASTM D 4318)
PL=

LL=

PI=

Classification
USCS (D 2487)= SP

AASHTO (M 145)=

Coefficients
D90= 0.4535
D50= 0.2617
D10= 0.1247

D85= 0.4107
D30= 0.2061
Cu= 2.35

D60= 0.2935
D15= 0.1533
Cc= 1.16

Remarks

As Received Moisture: 14.4%
F.M.=1.26
Date Received: 08/12/2021
Tested By: Tama Lewis

Date Tested: 08/12/2021

Checked By: Stu Swenson, CET
Title: Laboratory Manager
* (no specification provided)

Source of Sample: B-2 S-15
Sample Number: 21774

Depth: 45

A.A.R.
Testing
Laboratory, Inc.

Date Sampled:
Client: Golder Associates
Project: White Oak 164th Ave Development
Project No: 21-450

.

Clay

APPENDIX C

City of Redmond Right-of-Way
Management Temporary Shoring
Requirements

Right-of-Way Management
Temporary Shoring Requirements

Rev 1/16/2019

Temporary Shoring General Information
This document is a guideline for development projects proposing to install shoring systems
to temporarily support excavations for the construction of retaining walls and building
foundations, with components that extend into the Right-of-Way or public easements. The
shoring system components eligible for this agreement may include tie-back anchors, soil
nails, or similar soil anchoring system. In no case, shall other components such as solider
piles, lagging, or concrete encasements be installed in the public Right-of-Way or public
easements.
Temporary Shoring System Approval Process
Development projects proposing to install temporary shoring system components in the
Right-of-Way or public easements are required to submit preliminary plans and geotechnical
and structural calculations to the Planning Departments Development Engineering Division.
The preliminary plans must include profile and cross section views and location details of
the existing utilities and proposed utility and infrastructure improvements in the vicinity of the
shoring wall and soil anchors. GIS Map data for Redmond utilities can be found at
redmond.gov/government/mapsGISservices. A deposit amount (determined by
Development Engineering) shall be submitted with the shoring plan to cover the expense for
geotechnical and structural calculations peer review.
A Right-of-Way Use permit is required to pothole existing utilities to determine their exact
location to ensure adequate clearance from soil anchors to avoid damage during installation
when located within the Right-of-Way and a Clear and Grade permit is required when
locating utilities within public easements. A video inspection and recording of the existing
sewer and storm pipes is required to document the condition prior to and upon completion
of the shoring construction.

For Right-of-Way or Clear and Grade permits visit:
http://www.redmond.gov/development/permits
Questions?
For Clear and Grade Permits:
Phone
Email

425-556-2876
DevelopmentEngineering@redmond.gov

For Right-of-Way Permits:
Phone
Email

425-556-2723
ROWpermit@redmond.gov

Potholing Requirements
The Contractor shall be responsible for coordinating with utility owners to determine the
location of utilities in the vicinity of the shoring wall and soil anchors. All utilities shall be
potholed to determine the depth of burial (top and bottom of utility), width of utility, and
horizontal location of each utility. The Contractor shall determine the horizontal location and
vertical profile for each utility along the utility line and at every junction structure and change
in alignment. Measurement of the inverts for Manholes and Catch Basins shall be adequate
for creating profiles, in lieu of potholing. This utility locate information and the proposed
utility and infrastructure improvements shall be shown on the shoring plan, profile and cross
section details.
Prior to drilling, the soil anchor subcontractor shall verify the location of all underground
facilities and perform additional potholing as deemed necessary to determine the exact
location of all underground facilities in accordance with Washington’s Dig Law, RCW
19.122.
Temporary Shoring Requirements
See attached Right-of-Way Temporary Shoring Requirements Diagram.
Right-of-Way Use Agreement
Prior to permitting and construction of the temporary shoring wall, the developer shall submit
a signed agreement, certificate of insurance and a fee amount to cover the cost for
recording.
For shoring systems with soil anchors that extend, in any way, into private property, a copy
of the signed agreement from the property owner is also required prior to plan approval.
Inspections
Work associated with Potholing and video recording of the existing utilities to be used for
development of the shoring plan is inspected under a Right-of-Way Use Permit.
Inspection of the soil anchors and associated temporary shoring wall support system is
performed by special inspection under the direction of the project geotechnical engineer.

Completion of Shoring System
Upon completion of the shoring system, all soil anchors shall be de-tensioned.
Project Closeout





The contractor shall perform a post-construction video inspection and condition report
of the sewer and storm pipes to verify that the soil anchors have not caused any
damage.
Record Drawings shall be submitted to the City which shows the as-built location of
the shoring wall and soil anchors both in terms of depth from the ground surface and
horizontal extension into the public Right-of-Way.
The Geotechnical Engineer responsible for the shoring design shall submit a final
report detailing the construction observations, testing data, anchor detention
verification report, and survey monitoring results.
Upon project completion, the applicant shall submit the video inspection and
condition report, shoring Record Drawings, and Final Geotechnical Report to the
City’s Development Services Division. All items must be provided with the project’s
Record Drawings for review.

Right-of-Way Temporary Shoring Requirements Diagram
EASEMENT

RIGHT-OF-WAY
CL Right-of-Way

Shoring Wall
See Note 9

or Easement
See Note 3

CB Type 1

5
12" Storm Pipe
Franchise Utilities
Franchise Utilities

10

Note

4

Sewer Manhole

See

See Note 7

See N

ote 4

8' at Right-of-Way

0

12" Water Main

15

20
Soil Anchors

NOTES:
1. Prior to installing soil anchors, all utilities shall be potholed to determine the depth of burial (top and bottom of utility).
2. Prior to and after soil anchor installation, a video inspection shall be performed on the Sewer and Storm pipes.
3. Soil anchors shall be 8-feet below grade at the final Right-of-Way or Utility Easement line (post project, after dedications).
4. All soil anchors within the Right-of-Way or a utility easement shall be installed 8-feet clear of water mains and 5-feet clear of all other utilities; sewer, storm, gas,
power, phone and cable.
5. At no time shall soil anchors be allowed to be installed above any utility.
6. For shoring systems proposing to install soil anchors that extend beyond the Right-of-Way and into private property an agreement from the property owner
is required prior to plan approval.
7. All soil anchors shall be De-Tensioned upon completion of the foundation walls.
8. In no instance shall supporting structural members such as soldier piles, lagging or concrete encasements be installed in the Right-of-Way or public utility easement.
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Temporary Shoring Review Process
UTILITY
INVESTIGATION

Obtain Right-of-Way Use or Clear
and Grade Permit to Complete
The Following:
 Pothole Utilities
 Conduct Pre-Construction
Video Inspection of Existing
Sewer and Storm (Submit
Copy of CD and Condition
1*
Report to Development
Engineering)




*Notes
1

Condition Report must include a summary
sheet that shows the type and location of any
obstruction or damage discovered during
potholing or videoing.






SUBMITTALS

COORDINATED CIVIL
REVIEW

CIVIL PLAN APPROVAL

CONSTRUCTION

PROJECT COMPLETION

Planning Dept.
(Development
Engineering)

Planning Dept.
(Development
Engineering)

Planning Dept.
(Development
Engineering)

Planning Dept.
(Inspection)

Planning Dept.
(Development
Engineering)

Shoring Plan with Proposed and
Existing Utility Infrastructure
(incorporate utility information from
potholing)
- Site Plan
- Profile/Elevation
- Cross Section Details
- Construction Material
Specifications & SPCC Plan to
Ensure Compliance with RMC
13.07 Wellhead Protection
Geotechnical Report and Structural
Calculations
2*
Wall Monitoring/Special Inspections
Inspection Plan Including Frequency
Peer Review Deposit
CD Copy of Video Inspection and
Condition Report of Existing Storm and
Sewer






Shoring Plan Review
(Development Engineering)
Geotechnical Report and
Structural Calculations Review
(City of Redmond On-Call Peer
Review.)
Copy of Private Property
Agreement( for encroachment of
anchors on adjacent private
property)

2

Special Inspections include but are not
limited to:
-Construction Monitoring
-Shoring Wall and Soil
Anchor Construction
Monitoring
-Anchor Testing
-Survey Monitoring for
Wall Movement
-Anchor Detention
Verification

3

Real Property Manager to verify that Rightof-Way Use Agreement and attachments meet
current recording standards.



Applicant includes
approved shoring plans
with civil plans for mylar
submittal and signatures



Special Inspections to be
clearly identified on the
shoring plans.

2*

Planning Department:
 Reviews and comments on Right-ofWay Use Agreement. Returns Rightof-Way Use Agreement to Property
Owner/Developer.

Property Owner/Developer Returns
the Following:
 Signed Right-of-Way Use
Agreement
 Check to Pay for Recording


Applicant prepares and submits
Right-of-Way Use Agreement
with Exhibit A(showing limits of
soil anchors and project location)
and Certificate of Insurance
“COI” to Development
Engineering





2*

Special Inspections
conducted by Developer’s
Geotechnical Engineer

2*

Monitoring and
Inspection Reports
Submitted weekly to City
Inspector or at the
frequency noted on the
shoring plans
Submit to Development Engineering:
 Post-Construction Video Inspection of
Sewer and Storm(Submit Copy of CD
1*
and Condition Report )
 Shoring Plan Record Drawings with
Civil Plans
 Final Geotechnical Report Detailing
Construction Observation, Testing
Data, Anchor Detention Verification,
& Survey Monitoring Results.


Upon Record Drawing
Approval, Insurance
Coverage from COI may be
cancelled by owner

Information Services
3*

Real Property Manager :
 Records Right-of-Way Use
Agreement
 Routes Copy to City Clerk



Creates GIS Layer
of Soil Anchors



Updates GIS Layer
Revised 1/16/2019

Please Return To: Return to originating Division
City of Redmond – MS:
Attn:
Department
P.O. Box 97010
Redmond, WA 98073-9710
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RIGHT-OF-WAY USE AGREEMENT
SOIL ANCHORS
THIS RIGHT-OF-WAY USE AGREEMENT (“this Agreement”) is made and
entered into this __________ day of __________________, 201___, by and between CITY
OF REDMOND (“City”) and Adjacent property’s vested owner(s) name (proof of
ownership/agency to be obtained for file) (“Grantee”).
RECITALS
WHEREAS, Grantee desires to place soil anchors within the public right-of-way in the
vicinity of location, address or King County Tax Parcel [at the intersection of
and
] to support the Development Name
to be constructed by Contractor Name; and
WHEREAS, such soil anchors may remain in the public right-of-way following
completion of the construction for the convenience of the parties but will not be necessary for
the continued support of the Describe type of structure (“Improvements”); and
WHEREAS, the City desires to grant Grantee permission to maintain the soil
anchors in the public right-of-way during construction of the Improvements until such time
the City requires full use of the public right-of-way, subject to the following conditions;
NOW, THEREFORE, in consideration of the foregoing and the covenants set
forth herein, the City and Grantee agree as follows:
l.
Grant of Permission to Grantee. The City hereby grants permission to Grantee to
install and maintain soil anchors in the public right-of-way, at a location as generally
described and depiction on Exhibit A, incorporated by reference as if set forth in full herein.
The City and Grantee agree that such soil anchors are not necessary for the continued
support of the Improvements and that upon completion of construction Grantee shall be
allowed to abandon in place the soil anchors extending into the right-of-way. However, if
Grantee fails to complete the construction in a timely manner, the City may require the
soil anchors to be detensioned at the City’s sole discretion, for its use of the public
right-of-way. In the event that the soil anchors must be de t e nsi one d, the City shall
provide Grantee with 60 days’ written notice of the required detensioning. Should the
City provide notice of detensioning, Grantee shall detension the soil anchors within the
public right-of-way at their sole expense and shall be required to obtain all necessary
permits to conduct all work that may be required such as backfilling of
improvement and/or installation of other support systems.
It is understood
and agreed that the permission to occupy the public right-of-way is wholly of a temporary
nature and vests no permanent rights whatsoever. Further, it is agreed by the parties that
the City may, in conducting work in the public right-of-way, drill through or remove the
soil anchors in its discretion once construction of the Improvements is complete.
2. Soil Anchors. Soil anchoring is a technique by which soil slopes, excavations, or
retaining or shoring walls are reinforced by the insertion of slender elements - usually steel
reinforcing bars - that extend from the slope face, excavation, or retaining or shoring wall into
the adjacent soil and that are inserted into a pre-drilled hole and grouted in place. Grantee
intends to use soil anchors to reinforce the shoring walls of the excavation it will make on its
property in order to construct the Improvements. The soil anchors will extend from the
shoring wall into and underneath the public right-of-way a distance of approximately Number
feet. Following completion of the construction of the Improvements, Grantee shall be
required to provide Record Drawings to the City which show the as-built location of the soil
anchors both in terms of depth from the ground surface and horizontal extension into the
public right-of-way.
3. Indemnity. Grantee shall be wholly responsible for the quality of the work performed
Complete on final document
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to install the soil anchors, for all consequences of any condition of the soil anchors, and for
any and all damage to any facilities in the public right-of-way caused by the installation,
repair, maintenance, or removal of the soil anchors. As such, Grantee agrees on its behalf
and that of any successor or assign to indemnify, defend, protect, and hold harmless the
City, including, without limitation, each of its commissions, departments, officers, agents,
and employees (hereinafter in this subsection collectively referred to as “Redmond”) from
and against any and all actions, claims, costs, damages, demands, expenses, fines, injuries,
judgments, liabilities, losses, penalties, or suits including, without limitation, attorneys’ fees
and costs (collectively, “claims”) of any kind allegedly arising directly or indirectly from
Grantee’s installation of soil anchors underneath the public right-of-way, including but not
limited to, those claims arising from subsidence by collapse or faulting of the terrain, which
may accrue to or be suffered by Redmond or any person by reason of installing soil anchors
underneath the public right-of-way, those claims arising from liens or claims for services
rendered or labor or materials furnished in or for the installation, repair, maintenance, or
removal of the soil anchors, or those claims arising from the future removal of the soil
anchors by Grantee; provided, however, that such indemnification shall not extend to any
claim, action, or damage to the extent that such claim, action, or damage results solely from
the negligence of Redmond.
In the event that a court of competent jurisdiction determines that this Agreement is
subject to the provisions of RCW 4.24.ll5, the parties agree that the indemnity provisions
hereunder shall be deemed amended to conform to said statute and liability shall be
allocated as provided therein.
The provisions of this Section shall apply to claims by Grantee’s own employees and
the employees of Grantee’s agents, representatives, contractors, and subcontractors to which
might otherwise be immune under Title 5l RCW. This waiver of immunity under Title 5l
RCW has been mutually negotiated by the parties hereto, and acknowledges that the City
would not enter into this Agreement without Grantee’s waiver thereof.
4. Insurance. Prior to the commencement of any work or installation of any facilities
pursuant to this agreement, the Grantee shall provide to the City an insurance certificate,
together with an endorsement copy, naming the City, its officers, elected officials, agents,
employees, representatives, engineers, consultants, and volunteers as Primary-Non
Contributory additional insureds of such policies of insurance evidencing the minimum
coverage and limits set forth below. The minimum insurance coverage and limits shall be
maintained at all times during the term of this Agreement:
A. Worker’s Compensation and Employer’s Liability. Limits shall not be less than (i)
Worker’s Compensation: statutory; (ii) Employer’s Liability: $2,000,000 each
accident-injury; (iii) $2,000,000 each employee-disease; and (iv)$2,000,000
disease-policy. Such insurance shall evidence that coverage applies in the State of
Washington.
B. Comprehensive Motor Vehicle Liability. Limits for vehicles owned, non-owned or
rented shall not be less than $2,000,000 bodily injury and property damage combined
single limit.
C. Commercial General Liability. Limits shall not be less than$2,000,000 Bodily
Injury and Property Damage Combined Single Limit. Coverage is to be written on an
“occurrence” basis and shall include (i) premises operations; (ii) products/completed
operations; (iii) independent contractors; (iv) personal injury (with employment
exclusion deleted); (v) broad form property damage endorsement; and (vi)
contractual liability.
D. Umbrella Liability. Limits shall not be less than $2,000,000 bodily Injury and
Property Damage combined Single Limit. This policy shall apply in excess of the
limits stated in A, B, and C above.
Complete on final document
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NEITHER THE INSURANCE REQUIRED TO BE CARRIED, NOR THE
GRANTING OF PERMISSION HEREIN, NOR ANYTHING IN THIS AGREEMENT
SHALL LIMIT GRANTEE’S RESPONSIBILITY UNDER THE LAW TO THE CITY
FOR DAMAGE TO PERSONS, LAND, BUILDINGS, OR OTHER PROPERTY.
5. Compensation for Damages to the Public Right-of-Way or Utilities. Grantee agrees
that it shall compensate the City for damages to the public right-of-way or the utilities
located therein as a result of the installation or maintenance of the soil anchors, including
costs related to repair, reconstruction, or restoration, construction of temporary facilities and
bypasses, traffic redirection, barricades, fences, and other measures taken to protect the
public, the public right-of-way, and utilities therein.
6. Covenants Run with the Land. This Agreement shall be deemed to be a covenant
running with the land and shall be binding upon the heirs, successors in interest, assigns, and
devisees of the parties.
7. Recovery of Litigation Costs. If either party brings suit against the other in order to
enforce the provisions of this Agreement or to redress any breach thereof, the prevailing
party in such action shall be entitled to recover its reasonable costs and reasonable
attorney’s fees incurred in such action from the non-prevailing party, in addition to any
other relief to which the prevailing party may be entitled.
8. Miscellaneous. This Agreement constitutes the entire agreement between the parties
concerning its subject matter and supersedes any previous agreements or negotiations. This
Agreement may only be amended in writing, signed by both parties. This Agreement shall
be governed by the laws of the State of Washington and venue shall be properly in King
County Superior Court.
IN WITNESS WHEREOF, the parties have executed this Agreement as of the last
date set forth below.
CITY OF REDMOND

GRANTEE:

Grantee’s name written out

By:
(Signature)

(Signature)

Print Name:

Print Name:

Its:

Its:

Date:

Date:

Complete on final document
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STATE OF WASHINGTON
COUNTY OF KING

)
) §
)

I certify that I know or have satisfactory evidence that _________________________________ is the
person who appeared before me, and said person acknowledged that __he signed this instrument, on
oath stated that __he was authorized to execute the instrument and acknowledged it as the
____________________ of the City of Redmond, a municipal corporation of the state of Washington
to be the free and voluntary act of the City of Redmond for the uses and purposes mentioned in this
instrument.
Dated this

day of
Notary Seal

, 20__.
Notary Signature:
Notary Print Name:
Notary Public in and for the State of Washington
Residing at:
My Appointment Expires:

Please stay within block.

Complete on final document
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Select Notary specific to Grantee
This notary is for Corporate, Company or Partnership
Confirm authority to sign on behalf of Corporation, Company or Partnership
Name and Title must match execution signature
(If notarized in California, California Notary certificate will be used)

STATE OF
COUNTY OF

)
) §
)

I certify that I know or have satisfactory evidence that
is
the person who appeared before me, and said person acknowledged that ___he signed this instrument,
on oath state that ___ he was authorized to execute the instrument and acknowledged it as the
of
, a
, to be the free and voluntary
act of such party for the uses and purposes mentioned in the instrument.
DATED:

, 20__.
Notary Seal

Notary Signature:
Print Name:
Notary Public in and for the State of
Residing at:

Please stay within block.

My Appointment Expires:

Complete on final document
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Select Notary specific to Grantee
This notary is for one individual; can be modified for two individuals or second Notary page can be added
(If notarized in California, California Notary certificate will be used)

STATE OF

)
) §
)

COUNTY OF

I certify that I know or have satisfactory evidence that _____________________________ is the
person who appeared before me, and said person acknowledged that __he signed this instrument and
acknowledged it to be h__ free and voluntary act for the uses and purposes mentioned in the
instrument.
Date: _________________________, 20____.
Notary Seal

Signature of Notary:
Print Name:
Notary Public in and for the State of
Residing at:
My Appointment Expires:
Please stay within block.

Complete on final document

Page ___ of ____

EXHIBIT A
(General Description/Graphic Depiction – Limits of Soil Anchors)
Graphic to conform to recording standards (margins, fonts, size, shading etc)
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