August 2, 2018
Project No. 180264E001
Land Resources NW, LLC
19711 88th Avenue NE
Bothell, Washington 98011
Attention:

Mr. Craig Pierce

Subject:

Geotechnical Report Addendum
Wyndham Highlands
Sultan, Washington

Reference:

“Subsurface Exploration, Geologic Hazard, and Geotechnical Engineering Report,
Wyndham Highlands,” prepared for Land Resources NW, LLC by Associated Earth
Sciences, Inc. (AESI), dated July 12, 2018.

Dear Mr. Pierce:
This letter-report presents the results of supplemental subsurface exploration completed to
assess landslide and liquefaction hazards at the subject site. This data supplements exploration
data previously presented in our July 12, 2018 geotechnical report. This letter-report was
prepared for the exclusive use of Land Resources NW, LLC, and their authorized agents, for
specific application to this project. No other warranty, express or implied, is made.
INTRODUCTION
The subject site consists of two adjoining parcels and a portion of a third adjoining parcel
located at 13018 and 13104 Sultan Basin Road in unincorporated Snohomish County near
Sultan, Washington (Snohomish County parcels 28082900401100, 28082900401400, and
28082900400800). It is our understanding that the property is in the process of being annexed
to the City of Sultan and the project will be subject to City of Sultan design standards and code
requirements. The location of the project site is shown on the Vicinity Map, Figure 1.
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The topography of the majority of the property is relatively flat to gently sloping with slope
inclinations of approximately 15 percent or less. In the western portion of the site, the
topography abruptly slopes steeply down toward the west. Review of a Light Detection and
Ranging (LIDAR)-based topographic map of the site (Figure 2) indicates that maximum slope
inclinations in this area range from approximately 50 to 55 percent over a maximum height of
approximately 130 feet. The gently sloping portion of the site is vegetated mostly by pasture
grass with scattered trees. The steeply sloping area in the western portion of the site is
naturally forested. Preliminary plans include subdividing the site into 146 single-family parcels
and construction of associated roads and utilities. The proposed homes will be located in the
relatively flat to gently sloping portion of the site.
Previous subsurface exploration conducted at the site included excavation of 11 exploration
pits using a track-mounted excavator to maximum depths of up to approximately 13.5 feet.
Sediments encountered in the explorations pits generally consisted of loose to medium dense
sand with variable silt and gravel content, interpreted to be representative of Vashon
recessional outwash. Dense to very dense sand and gravel deposits were encountered below
the recessional outwash deposits in some of the exploration pits. At the time of our July 2018
study, these sediments were interpreted to be representative of Vashon advance outwash. The
locations of the explorations advanced for our July 2018 study are shown on Figure 2, “Current
Conditions and Explorations.”
The steep slope located at the west end of the proposed development was identified in our
July 2018 report as an area of historic landslide activity. This interpretation was based on
landslide features observed during our reconnaissance of this area, and regional geologic
mapping which indicates that the slope is underlain by slide deposits. Based on our
reconnaissance of the slope and review of LIDAR-based imagery/topography, we interpret the
upper portion of the steep slope to be a landslide scarp and the lower portion of the slope to
be underlain by slide deposits.
Based on our findings, additional, deeper subsurface exploration was recommended to further
assess landslide and liquefaction hazards associated with the project.
SUPPLEMENTAL SUBSURFACE EXPLORATION
Exploration Borings
Supplemental subsurface exploration conducted for this study consisted of three exploration
borings. The borings were drilled using a track-mounted, hollow-stem auger drill rig. During
drilling, soil samples were collected at depth intervals of approximately 2.5 to 5 feet using the
standard penetration test (SPT) procedure in accordance with American Society for Testing and
Materials (ASTM) D-1586. This test and sampling method consists of driving a standard, 2-inch
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outside-diameter, split-barrel sampler a distance of 18 inches into the soil with a 140-pound
hammer free-falling a distance of 30 inches. The number of blows for each 6-inch interval is
recorded and the number of blows required to drive the sampler the final 12 inches is known
as the Standard Penetration Resistance (“N-Value”), or blow count. If a total of 50 blows is
recorded within one 6-inch interval, the blow count is recorded as the number of blows for the
corresponding number of inches of penetration. The Standard Penetration Resistance provides
a measure of the relative density of granular soils, or the relative consistency of cohesive soils;
these values are plotted on the boring logs included in Appendix A. The approximate locations
of the borings are shown on Figure 2.
Stratigraphy
Exploration boring EB-1W, located near the top of the steep slope adjacent to exploration
boring EP-6, generally encountered medium dense, silty, fine to medium sand interpreted to
be representative of Vashon recessional outwash. The recessional sand deposits were
underlain at a depth of approximately 7 feet by very dense sand with variable quantities of silt
and gravel. At the time of our July 2018 study, these sediments, which were also encountered
in exploration pit EP-6, were interpreted to be representative of Vashon advance outwash.
However, exploration boring EB-1W encountered medium stiff to stiff silt below the dense
sand and gravel deposits at a depth of approximately 25.5 feet. The low relative consistency of
the silt is indicative of a recessional lake environment. Consequently, the overlying dense sand
and gravel deposits must also be part of the recessional outwash, not advance outwash as was
originally interpreted. The presence of Vashon recessional lake deposits below the outwash is
consistent with regional geologic mapping which depicts Vashon recessional lake deposits in
the area of the subject site. Granular recessional outwash deposits consisting of medium
dense, fine sand were encountered in boring EB-1W below the recessional lake deposits at a
depth of approximately 68 feet. The recessional outwash sand extended beyond the maximum
depth explored in this boring of approximately 81.5 feet.
Similar sediments were encountered in boring EB-2W, located in the north-central portion of
the site. Borings EB-1W and EB-2W were terminated within the recessional lake deposits at
depths of approximately 21.5 feet and 44 feet, respectively. The dense, recessional sand and
gravel stratum was not encountered in boring EB-1W, located in the eastern portion of the site.
Copies of the exploration logs for borings EB-1W through EB-3W are included in Appendix A.
Copies of the exploration pit logs from our previous exploration are also included in
Appendix A. The exploration pit logs included in Appendix A have been revised since the time
of our July 2018 report based on the findings of our supplemental exploration. Specifically, the
dense sand and gravel deposits formerly identified as “Vashon advance outwash” have been
relabeled as “Vashon recessional outwash.”
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Groundwater
Exploration borings were completed as 2-inch diameter monitoring wells to allow monitoring
of groundwater levels over the upcoming wet season. Following completion, monitoring well
EB-1W was developed using an electric submersible pump. Due to their larger depth,
monitoring wells EB-2W and EB-3W were developed using an inertial pump. Static
groundwater levels measured in all three monitoring wells on July 23, 2018, three days after
the wells were developed, are summarized below in Table 1.
Table 1
Summary of Groundwater Levels
Well ID
EB-1W
EB-2W
EB-3W

Depth to Water (feet below ground surface)
49.8
26.2
6.9

During our reconnaissance of the site, emergent groundwater seepage was observed near the
toe of the steep slope at approximately elevation 190 feet. It should be noted that the depth of
groundwater below the site likely varies with changes in season, precipitation, and other
factors.
LANDSLIDE HAZARDS AND MITIGATION
Code Requirements
Review of a LIDAR-based topographic map of the site (Figure 2) indicates that inclinations
on the slope in the western portion of the site generally range from approximately 50 to
55 percent over a maximum height of approximately 125 to 130 feet. In some areas,
inclinations on the upper slope exceed 40 percent over heights ranging from approximately
60 to 70 feet, flatten to below 40 percent over heights of approximately 20 to 40 feet, but
steepen again to in excess of 40 percent over the lower 20 to 40 feet of the slope. This slope
classifies as a Landslide Hazard Area under the Sultan Municipal Code (SMC) due to the
following characteristics:
•
•
•

The slope is an area of historic landslide activity.
The slope exhibits inclinations of 40 percent or more over a height in excess of 10 feet.
Portions of the slope below 5 feet in depth are underlain by sediments exhibiting blow
counts less than 10 blows per foot as measured using the Standard Penetration Test
(ASTM D-1586-11).
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The inclination of the slope exceeds 15 percent and exhibits emergent seepage (spring
activity).

Section 17.10.330 of the SMC states that Landslide Hazard Areas with slopes of 40 percent or
greater, a minimum buffer equal to the height of the slope, or 25 feet, whichever is greater,
must be established around all sides of the Landslide Hazard Area. The buffer may be reduced
by 50 percent or 25 feet, whichever is greater, when a qualified professional demonstrates to
the director’s satisfaction that the reduction will adequately protect the proposed
development, adjacent areas, and uses, and the subject critical area.
For Landslide Hazard Areas with slopes from 15 to 39 percent, a minimum buffer of 25 feet or
half the slope height (whichever is greater) is required. The buffer may be reduced by
25 percent or 25 feet, whichever is greater, when a qualified professional demonstrates to the
director’s satisfaction that the reduction will adequately protect the proposed development,
adjacent areas, uses, and the subject critical area.
A minimum building setback of 10 feet from the buffer is also required under the SMC.
Slope Stability Analysis
An analysis of the global stability of the slope was conducted using the computer program
Slope/W, version 7.23 by GeoSlope International. The program used the Morgenstern-Price
method for evaluating a rotational failure. Input parameters for the analysis included slope
geometry, geology, and soil strength parameters. The slope geometry was obtained from the
topographic contour map depicted in Figure 2 along section line A-A’. The geology of the slope
was based on the subsurface conditions encountered in borings EB-1W and EB-2W. Soil
strength parameters used for our analysis were initially assumed based on typical published
values for similar materials and our prior experience.
Initial analysis indicated that the stability of the slope was particularly sensitive to the internal
friction angle assigned to the recessional lake sediments, which underlie the majority of the
slope height. An Atterberg Limits test was conducted on a sample of the recessional lake
sediments to assess the plasticity index of the fine-grain deposits. The plasticity index testing
was used to correlate an internal friction angle of this geologic unit based on published data.
The sample selected for testing exhibited the lowest blow count recorded for this stratum in
boring EB-1W. An internal friction (phi) angle of 30 degrees was conservatively estimated for
the recessional lake sediments based on the measured plasticity index of 21 percent using a
correlation derived by Terzaghi, Peck, and Mesri (1995). The laboratory testing results are
included in Appendix B.
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The soil strength parameters used for our analysis are shown on the Slope/W profiles, included
in Appendix B. Groundwater levels used in our analysis were based on the groundwater levels
measured in the monitoring wells and on the elevation of the spring flow observed on the
slope. For evaluation of slope stability under seismic conditions, a horizontal ground
acceleration of 0.25g was used for our analysis. This value is equivalent to ½ of the peak
horizontal ground acceleration based on a seismic event with a 2 percent probability of
exceedance in 50 years in accordance with the 2015 International Building Code (IBC).
The stability of a slope can be expressed in terms of its factor of safety. The factor of safety
of a slope is the ratio between the forces that resist sliding to the forces that drive sliding.
For example, a factor of safety of 1.0 would indicate a slope where the driving forces and the
resisting forces are exactly equal. Increasing factor of safety values greater than 1.0 indicate
increased stability. Factors of safety below 1.0 indicate conditions where the driving forces
exceed the resisting forces and landsliding is imminent. For building lot stability, Section
17.10.310 of the SMC specifies that minimum factors of safety of 1.5 and 1.15 are required for
static and seismic conditions, respectively.
For static conditions, a minimum factor of safety of 1.55 was calculated for the slope. This
factor of safety exceeds the minimum value specified in the code. For seismic conditions, a
minimum factor of safety of 0.81 was calculated. This factor of safety was associated with a
failure surface on the lower portion of the slope, within the area of the existing slide deposits.
Under seismic conditions, the largest failure surface associated with a factor of safety less than
the codified minimum of 1.15 extended 69 feet beyond the top of the slope. The factor of
safety associated with this failure was 1.13. Copies of the results of the slope stability analysis
are included in Appendix B.
Landslide Hazard Mitigation
Based on the subsurface and topographic conditions present, and the results of the slope
stability analysis, it is our opinion that a minimum buffer width of 65 feet will provide suitable
mitigation of landslide hazards for this project. Based on the slope height and inclination, this is
equal to the minimum buffer allowed under the SMC. As required by the code a 10-foot
building setback is required from the buffer edge, providing a combined setback (buffer and
building setback) of 75 feet.
Additional recommendations to mitigate landslide hazards include the following:
•

Discharge of water on or near the top of the steep slope could result in increased risk
of accelerated erosion and landslide activity and must be avoided.

•

If feasible, clearing and grading on the site should be limited to the dry season
(typically May 1st to October 1st).
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In accordance with Section 17.10.330 of the SMC, the development must maximize
retention of existing vegetation in the buffer. Where removal of vegetation cannot be
avoided in order to accommodate the development, an acceptable plan to fully
revegetate the affected area must be provided as part of the development application.

Provided that the recommendations presented in this letter-report are properly followed, it is
also our opinion that the recommended top of slope setback will not adversely impact the risk
of landsliding on the slope or the long-term stability of the slope.
It is our understanding that project plans include on-site infiltration of stormwater on the site.
We recommend that a mounding analysis be conducted to assess top of slope setbacks for
stormwater infiltration systems to maintain suitable factors of safety for the slope. Infiltration
testing and mounding analysis is outside of our current scope of work.
LIQUEFACTION HAZARDS
Liquefaction is a process through which unconsolidated soil loses strength as a result of
vibrations, such as those which occur during a seismic event. During normal conditions, the
weight of the soil is supported by both grain-to-grain contacts and by the fluid pressure within
the pore spaces of the soil below the water table. Extreme vibratory shaking can disrupt the
grain-to-grain contact, increase the pore pressure, and result in a temporary decrease in soil
shear strength. The soil is said to be liquefied when nearly all of the weight of the soil is
supported by pore pressure alone. Liquefaction can result in deformation of the sediment and
settlement of overlying structures. Areas most susceptible to liquefaction include those areas
underlain by clean sand with low relative densities, accompanied by a shallow water table.
To assess the liquefaction risk, we performed a liquefaction hazard analysis to estimate the
magnitude of settlement that would occur during a seismic event as a result of liquefaction.
Our liquefaction analysis was completed with the aid of LiquefyPro computer software
Version 5.8h (2009) by CivilTech Corporation. This program accepts input for SPT data,
groundwater levels, soil unit weight, and the depth and grain-size distribution of the sediments
of concern to calculate seismically induced settlement. Liquefaction analyses were conducted
based on the subsurface conditions encountered in each of the three borings drilled at the site.
The following assumptions were used during the analysis:
•

Conservative estimated unit weights were based on conventional values for the soil
types encountered.

•

Estimates of silt content were based on visual evaluation of the recovered samples.
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•

The static groundwater levels observed in the monitoring wells 3 days after the wells
were developed. These groundwater levels ranged from approximately 3.5 to 16 feet
above the groundwater levels observed at the time of drilling.

•

The design event used a peak horizontal ground acceleration of 0.507g, in accordance
with the 2015 IBC. This value correspond to a seismic event with an exceedance
probability of 2 percent in 50 years. A magnitude of 7.0 was also assumed for our
analysis.

Calculated estimates of liquefaction-induced settlement for each of the borings are
summarized below in Table 2. Copies of the results of the liquefaction analyses are included in
Appendix C.
Table 2
Summary of Estimated Liquefaction-Induced Settlement
Boring ID
EB-1W
EB-2W
EB-3W

Calculated Settlement (Inches)
2.7
0.8
0.7

Total liquefaction induced settlement calculated for boring EB-1W was 2.7 inches. Recent
studies have demonstrated that the impact of liquefaction-induced settlement on shallow
foundations is negligible for sediments below a depth of approximately 49 to 59 feet
deep (Cetin et al., 2009; Ishihara et al., 2015). All of the liquefaction-induced settlement
calculated for boring EB-1W was from below a depth of 68 feet, and therefore, actual
liquefaction-induced settlement of building foundations in this area is anticipated to be
negligible. The estimated liquefaction induced settlement predicted for the other two boring
locations is less than one inch. Structural effects associated with the predicted magnitude of
settlement is anticipated to be minor. Based on these findings, it is our opinion that the
liquefaction hazard risk to the proposed project is low and no mitigation is warranted.
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APPENDIX A
Exploration Logs

Geologic & Monitoring Well Construction Log

Project Number

Well Number

Sheet

180264E001

EB-1W

1 of 3

S
T

Graphic
Symbol

WELL CONSTRUCTION

Location
Surface Elevation (ft)
Date Start/Finish
Hole Diameter (in)

ft

Blows/
6"

Water Level

Depth
(ft)

Project Name
Wyndham Highlands
Elevation (Top of Well Casing) Ground surface at 2.65
Water Level Elevation
~282 ft
Drilling/Equipment
Boretec / Mini-Track
Hammer Weight/Drop
140# / 30"

Sultan, WA
~332
7/12/18,7/12/18
8 inches

DESCRIPTION
Sod / Topsoil - 9 inches
Easy drilling 0 to 5 feet.
Vashon Recessional Outwash

6-inch I.D. steel stick up
monument with locking lid 0 to
-2.6 feet
Concrete 0 to 1.5 feet
3/8-inch bentonite chips 1.5 to
65 feet
5
5
5
6

10

2-inch I.D. PVC casing with
threaded connections and
O-rings 0 to 70 feet

15

50/6"

50/5"

Moist, light brownish gray, silty, fine to medium SAND to sandy, SILT,
trace gravel; minor organics (SM-ML).

Moist to very moist, gray to light brown with minor oxidation, silty, fine to
medium SAND, some gravel; sampler pushing rock, blowcounts may be
overstated, low recovery (SM).

No recovery, sampler pushing rock.
Gravelly drilling 15 to 18 feet, abundant cobbles in drill cuttings.

20
40
42
50/6"

NWWELL- B 180264.GPJ BORING.GDT 8/1/18

25
1
5
5

Moist, gray to brownish gray, gravelly, fine to medium SAND, some to
trace silt; massive (SP).

Becomes very moist and gravelly, some silt; minor organics; massive
(SP-SM).
Vashon Recessional Lake Deposits
Very moist, light brown, SILT; minor organics; thinly laminated (ML).

Sampler Type (ST):
2" OD Split Spoon Sampler (SPT)

No Recovery

M - Moisture

3" OD Split Spoon Sampler (D & M)

Ring Sample

Water Level (7/23/18)

Grab Sample

Shelby Tube Sample

Water Level at time of drilling (ATD)

Logged by:

TG

Approved by: CJK

Geologic & Monitoring Well Construction Log

Project Number

Well Number

Sheet

180264E001

EB-1W

2 of 3

S
T

Graphic
Symbol

WELL CONSTRUCTION

Location
Surface Elevation (ft)
Date Start/Finish
Hole Diameter (in)

ft

Blows/
6"

Water Level

Depth
(ft)

Project Name
Wyndham Highlands
Elevation (Top of Well Casing) Ground surface at 2.65
Water Level Elevation
~282 ft
Drilling/Equipment
Boretec / Mini-Track
Hammer Weight/Drop
140# / 30"

2
3
4

Sultan, WA
~332
7/12/18,7/12/18
8 inches

DESCRIPTION
Becomes gray to dark gray, with sandy, SILT interbeds; sandy silt has
elevated moisture; thinly laminated (ML).

Easy drilling 30 to 40 feet.

35

3/8-inch bentonite chips 1.5 to
65 feet

1
2
2

Moist to very moist, gray to dark gray, SILT and CLAY (ML-CH).

40
2
2
3

Slightly firmer drilling at 42 feet.

Driller added water before sampling at 45 feet.
45
2
3
3

50
2
4
4

NWWELL- B 180264.GPJ BORING.GDT 8/1/18

55
2
3
4

Contains single layer (3 inches thick) of sandy, silt.

Generally moist to very moist; contains a layer (~4 inches thick) of
sandy, silt containing water (ML-CH).

Moist to very moist.

Sampler Type (ST):
2" OD Split Spoon Sampler (SPT)

No Recovery

M - Moisture

3" OD Split Spoon Sampler (D & M)

Ring Sample

Water Level (7/23/18)

Grab Sample

Shelby Tube Sample

Water Level at time of drilling (ATD)

Logged by:

TG

Approved by: CJK

Geologic & Monitoring Well Construction Log

Project Number

Well Number

Sheet

180264E001

EB-1W

3 of 3

S
T

Graphic
Symbol

WELL CONSTRUCTION

Location
Surface Elevation (ft)
Date Start/Finish
Hole Diameter (in)

ft

Blows/
6"

Water Level

Depth
(ft)

Project Name
Wyndham Highlands
Elevation (Top of Well Casing) Ground surface at 2.65
Water Level Elevation
~282 ft
Drilling/Equipment
Boretec / Mini-Track
Hammer Weight/Drop
140# / 30"

Sultan, WA
~332
7/12/18,7/12/18
8 inches

DESCRIPTION

3
3
4

65

Colorado silica sand 10/20 65
to 80 feet

3
4
4

Generally moist to very moist; upper ~6 inches of sampler is sandy silt
with elevated moisture (ML-CH).

Driller noted change in drill action at 68 feet.
70

2-inch I.D. PVC well screen
with threaded connections and
O-rings 0.020-slot width 70 to
80 feet

6
8
14

Wet, gray to dark gray, fine SAND, trace silt; ~8 inches of water on rods
when sampler was pulled (SP).

75
10
12
15

80

Threaded end cap with O-ring
7
7
8

Well tag # BJN-058

Boring terminated at 81.5 feet.
Well completed at 80 feet on 7/12/18.
Groundwater encountered at 66 feet.

NWWELL- B 180264.GPJ BORING.GDT 8/1/18

85

Sampler Type (ST):
2" OD Split Spoon Sampler (SPT)

No Recovery

M - Moisture

3" OD Split Spoon Sampler (D & M)

Ring Sample

Water Level (7/23/18)

Grab Sample

Shelby Tube Sample

Water Level at time of drilling (ATD)

Logged by:

TG

Approved by: CJK

Geologic & Monitoring Well Construction Log

Project Number

Well Number

Sheet

180264E001

EB-2W

1 of 2

S
T

Graphic
Symbol

WELL CONSTRUCTION

Location
Surface Elevation (ft)
Date Start/Finish
Hole Diameter (in)

ft

Blows/
6"

Water Level

Depth
(ft)

Project Name
Wyndham Highlands
Elevation (Top of Well Casing) Ground surface at 2.63
Water Level Elevation
~306 ft
Drilling/Equipment
Boretec / Mini-Track
Hammer Weight/Drop
140# / 30"

2-inch I.D. PVC casing with
threaded connections and
O-rings 0 to 27 feet

DESCRIPTION
Sod / Topsoil - ~9 inches

6-inch I.D. steel stick up
monument with locking lid 0 to
-2.8 feet
Concrete 0 to 1.5 feet
3/8-inch bentonite chips 1.5 to
22 feet

5

Sultan, WA
~332
7/13/18,7/13/18
8 inches

Vashon Recessional Outwash Deposits

9
12
9

10
2
3
3

Moist, light brown to light brownish gray, fine SAND, trace silt; massive
(SP).

Very moist, light brown to brown, silty, fine to medium SAND, trace
gravel; massive (SM).

Harder drilling at 12 feet.

15
33
33
40

20
50/5"

Moist, light brownish gray to light gray, silty, fine to medium SAND, some
gravel; broken rocks in sampler; massive (SM).

No recovery, pushing rock.
Abundant gravel and cobbles in drill cuttings.

Colorado silica sand 10/20 22
to 42 feet

50/1"

NWWELL- B 180264.GPJ BORING.GDT 8/1/18

25
16
13
11

No recovery, pounding on rock, sampler tube is dry.

Becomes very moist, light brown to light brownish gray, and fine to
medium grained with some silt; massive (SP-SM).

2-inch I.D. PVC well screen
with threaded connections and
O-rings 0.020-slot width 27 to
42 feet

Sampler Type (ST):
2" OD Split Spoon Sampler (SPT)

No Recovery

M - Moisture

3" OD Split Spoon Sampler (D & M)

Ring Sample

Water Level (7/23/18)

Grab Sample

Shelby Tube Sample

Water Level at time of drilling (ATD)

Logged by:

TG

Approved by: CJK

Geologic & Monitoring Well Construction Log

Project Number

Well Number

Sheet

180264E001

EB-2W
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S
T

Graphic
Symbol

WELL CONSTRUCTION

Location
Surface Elevation (ft)
Date Start/Finish
Hole Diameter (in)

ft

Blows/
6"

Water Level

Depth
(ft)

Project Name
Wyndham Highlands
Elevation (Top of Well Casing) Ground surface at 2.63
Water Level Elevation
~306 ft
Drilling/Equipment
Boretec / Mini-Track
Hammer Weight/Drop
140# / 30"

8
8
8

35
16
23
33

Sultan, WA
~332
7/13/18,7/13/18
8 inches

DESCRIPTION
Becomes wet and light brown to light grayish brown with some to trace
silt; massive (SP).

Becomes light brownish gray and gravelly with trace silt; massive; driller
noted heaving sands after sampling at 35 feet (SP).

40

Threaded end cap with O-ring

Well tag # BJN-059

5
6
3

2
3
4

45

Vashon Recessional Lake Deposits
Moist to very moist, light brown to light brownish gray, SILT, some sand,
trace gravel; thinly laminated (ML).
Very moist, gray, SILT and CLAY; faint thin laminations (ML-CH).

Boring terminated at 44 feet.
Well completed at 42 feet on 7/13/18.
Groundwater encountered at 36.7 feet.

50

NWWELL- B 180264.GPJ BORING.GDT 8/1/18

55

Sampler Type (ST):
2" OD Split Spoon Sampler (SPT)

No Recovery

M - Moisture

3" OD Split Spoon Sampler (D & M)

Ring Sample

Water Level (7/23/18)

Grab Sample

Shelby Tube Sample

Water Level at time of drilling (ATD)

Logged by:

TG

Approved by: CJK

Geologic & Monitoring Well Construction Log

Project Number

Well Number

Sheet

180264E001

EB-3W

1 of 1

S
T

Graphic
Symbol

WELL CONSTRUCTION

Location
Surface Elevation (ft)
Date Start/Finish
Hole Diameter (in)

ft

Blows/
6"

Water Level

Depth
(ft)

Project Name
Wyndham Highlands
Elevation (Top of Well Casing) Ground surface at 2.51
Water Level Elevation
~305 ft
Drilling/Equipment
Boretec / Mini-Track
Hammer Weight/Drop
140# / 30"

2-inch I.D. PVC casing with
threaded connections and
O-rings 0 to 10 feet

DESCRIPTION
Sod / Topsoil - ~9 inches

6-inch I.D. steel stick up
monument with locking lid 0 to
-2.6 feet
Concrete 0 to 1.5 feet
3/8-inch bentonite chips 1.5 to
7 feet

5

Sultan, WA
~312
7/13/18,7/13/18
8 inches

Vashon Recessional Outwash Deposits
Easy drilling observed 0 to 5 feet.

6
6
6

Moist to very moist, gray to light brown with minor oxidation, silty, fine to
medium SAND, trace gravel; massive (SM).

Colorado silica sand 10/20 7 to
20 feet
Harder drill action at 8 feet.

10

2-inch I.D. PVC well screen
with threaded connections and
O-rings 0.020-slot width 10 to
20 feet

6
8
7

15
7
11
11

Very moist to wet, light brownish gray with obvious oxidation bands, fine
to medium SAND, some silt and trace gravel; massive (SP-SM).

Wet, light brown to brownish gray, fine to medium SAND, trace gravel,
trace silt; lens (~2 inches thick) of silt (SP).

Vashon Recessional Lake Deposits

20

Threaded end cap with O-ring
6
6
9

Well tag # BJN-060

Very moist, gray, sandy, SILT ranging to silty, SAND (SM-ML).

Boring terminated at 21.5 feet.
Well completed at 20 feet on 7/13/18.
Groundwater encountered at 13.2 feet.

NWWELL- B 180264.GPJ BORING.GDT 8/1/18

25

Sampler Type (ST):
2" OD Split Spoon Sampler (SPT)

No Recovery

M - Moisture

3" OD Split Spoon Sampler (D & M)

Ring Sample

Water Level (7/23/18)

Grab Sample

Shelby Tube Sample

Water Level at time of drilling (ATD)

Logged by:

TG

Approved by: CJK

Depth (ft)

LOG OF EXPLORATION PIT NO. EP-1

This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
together with that report for complete interpretation. This summary applies only to the location of this trench at the time of
excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
of actual conditions encountered.

DESCRIPTION
Sod / Topsoil
1
2

Vashon Recessional Outwash
Medium stiff to stiff, very moist, mottled tan and gray, SILT, some fine sand; moderately abundant roots
(ML).

3
4

Medium dense, wet, rusty brown, gravelly, medium to coarse SAND, some silt (SP/SM).

5
6
7

Medium dense, wet, brownish gray, fine to medium and medium to coarse SAND, trace silt; stratified
(SP).
Becomes gray and contains silty interbeds below 7 feet.

8
9
10

Bottom of exploration pit at depth 9 feet
Slow seepage below 3.5 feet. Intermittent massive caving below 3.5 feet.

11
12
13
14
15
16
17
18
19

KCTP3 180264.GPJ August 1, 2018

20

Wyndham Highlands
Sultan, WA
Logged by: TJP
Approved by: JHS

Project No. 180264E001
5/17/18

Depth (ft)

LOG OF EXPLORATION PIT NO. EP-2

This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
together with that report for complete interpretation. This summary applies only to the location of this trench at the time of
excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
of actual conditions encountered.

DESCRIPTION

2

Sod / Topsoil
Vashon Recessional Outwash
Loose, very moist, brown, very silty, fine SAND; abundant fine roots (SM).
Medium dense, very moist, mottled tan and gray, very silty, fine to medium SAND (SM).

3

Becomes grayish tan with light mottling below 3 feet.

1

4
5
6
7
8

Contains lenses of clean, fine to medium SAND below 4.5 feet.

Medium dense, very moist to wet, rusty, grayish brown, very gravelly, medium to coarse SAND, trace
silt (SP).
Medium dense, wet, grayish brown, SAND, trace silt (SW).

9
10

Bottom of exploration pit at depth 9 feet
Slow seepage below ~6.5 feet. No caving.

11
12
13
14
15
16
17
18
19

KCTP3 180264.GPJ August 1, 2018

20

Wyndham Highlands
Sultan, WA
Logged by: TJP
Approved by: JHS

Project No. 180264E001
5/17/18

Depth (ft)

LOG OF EXPLORATION PIT NO. EP-3

This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
together with that report for complete interpretation. This summary applies only to the location of this trench at the time of
excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
of actual conditions encountered.

DESCRIPTION

1

Sod / Topsoil - 6 inches
Vashon Recessional Outwash
Loose to medium dense, moist, rusty tan, very silty, fine SAND; abundant roots 0 to 2.5 feet (SM).

2
3

Becomes medium dense, grayish tan, silty to very silty, SAND, some gravel below 2.5 feet.

4
5

Medium dense to dense, moist, grayish tan, gravelly, fine to medium SAND, trace to some silt; contains
scattered cobbles and small boulders; stratified (SP/SM).

6
7
8

Becomes gray with trace silt below 9 feet.

9

Becomes wet below 9 feet.

10
11

Bottom of exploration pit at depth 10 feet
Slow seepage below 9 feet. No caving. Note: Revised 8/1/18

12
13
14
15
16
17
18
19

KCTP3 180264.GPJ August 1, 2018

20

Wyndham Highlands
Sultan, WA
Logged by: TJP
Approved by: JHS

Project No. 180264E001
5/17/18

Depth (ft)

LOG OF EXPLORATION PIT NO. EP-4

This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
together with that report for complete interpretation. This summary applies only to the location of this trench at the time of
excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
of actual conditions encountered.

DESCRIPTION

1

Sod / Topsoil - 6 inches
Vashon Recessional Outwash
Loose, moist, reddish tan, silty, fine SAND; abundant small roots (SM).

2
3

Loose to medium dense, moist, tan, fine to medium SAND, some silt; contains silty lenses (SP/SM).

4
5
6
7
8
9

Bottom of exploration pit at depth 8 feet
No seepage. No caving.

10
11
12
13
14
15
16
17
18
19

KCTP3 180264.GPJ August 1, 2018

20

Wyndham Highlands
Sultan, WA
Logged by: TJP
Approved by: JHS

Project No. 180264E001
5/17/18

Depth (ft)

LOG OF EXPLORATION PIT NO. EP-5

This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
together with that report for complete interpretation. This summary applies only to the location of this trench at the time of
excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
of actual conditions encountered.

DESCRIPTION

1

Sod / Topsoil - 6 inches
Vashon Recessional Outwash
Loose, moist, reddish brown, silty to very silty, fine SAND; abundant roots (SM).

2
3

Medium dense, moist, grayish tan, silty to very silty, fine SAND; contains silt lenses (SM).

4
5

Dense, moist, gray very gravelly, medium to coarse SAND, trace silt; contains scattered cobbles and
small boulders (SP).

6
7
8
9
10
11
12
13
14

Bottom of exploration pit at depth 13 feet
No seepage. No caving. Note: Revised 8/1/18

15
16
17
18
19

KCTP3 180264.GPJ August 1, 2018

20

Wyndham Highlands
Sultan, WA
Logged by: TJP
Approved by: JHS

Project No. 180264E001
5/17/18

Depth (ft)

LOG OF EXPLORATION PIT NO. EP-6

This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
together with that report for complete interpretation. This summary applies only to the location of this trench at the time of
excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
of actual conditions encountered.

DESCRIPTION

1

Sod / Topsoil - 6 inches
Vashon Recessional Outwash
Loose, moist, reddish brown, very silty, fine SAND; abundant roots (SM).

2
3

Medium dense, moist, grayish tan, silty to very silty, fine SAND; contains silt lenses (SM).

4
5
6
7
8

Dense, moist, gray,very gravelly, medium to coarse SAND, trace silt; contains scattered cobbles and
small boulders (SP).

9
10
11
12
13
14

Bottom of exploration pit at depth 13 feet
No seepage. No caving. Note: Revised 8/1/18

15
16
17
18
19

KCTP3 180264.GPJ August 1, 2018

20

Wyndham Highlands
Sultan, WA
Logged by: TJP
Approved by: JHS

Project No. 180264E001
5/17/18

Depth (ft)

LOG OF EXPLORATION PIT NO. EP-7

This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
together with that report for complete interpretation. This summary applies only to the location of this trench at the time of
excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
of actual conditions encountered.

DESCRIPTION

1
2

Sod / Topsoil - 6 inches
Vashon Recessional Outwash
Loose, moist, reddish brown, silty to very silty fine SAND; scattered roots (SM).
Medium dense, moist, tan to grayish tan, silty to very silty, fine SAND; contains silt lenses (SM).

3
4

Dense to very dense, moist, tan gray, very gravelly, medium to coarse SAND, trace silt; contains
scattered cobbles and small boulders (SP).

5
6
7
8
9
10
11
12
13
14

Bottom of exploration pit at depth 13 feet
No seepage. No caving. Note: Revised 8/1/18

15
16
17
18
19

KCTP3 180264.GPJ August 1, 2018

20

Wyndham Highlands
Sultan, WA
Logged by: TJP
Approved by: JHS

Project No. 180264E001
5/17/18

Depth (ft)

LOG OF EXPLORATION PIT NO. EP-8

This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
together with that report for complete interpretation. This summary applies only to the location of this trench at the time of
excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
of actual conditions encountered.

DESCRIPTION
Sod / Topsoil - 10 inches
1

Vashon Recessional Outwash
Loose, moist to very moist, reddish brown, very silty, fine SAND (SM).

2
3

Medium dense, moist, grayish tan, silty to very silty, fine SAND; contains silt lenses (SM).

4
5
6
7

Becomes very moist below 7 feet.

8
9

Bottom of exploration pit at depth 8.5 feet
No seepage. No caving.

10
11
12
13
14
15
16
17
18
19

KCTP3 180264.GPJ August 1, 2018

20

Wyndham Highlands
Sultan, WA
Logged by: TJP
Approved by: JHS

Project No. 180264E001
5/17/18

Depth (ft)

LOG OF EXPLORATION PIT NO. EP-9

This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
together with that report for complete interpretation. This summary applies only to the location of this trench at the time of
excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
of actual conditions encountered.

DESCRIPTION
Sod / Topsoil - 8 inches
1

Vashon Recessional Outwash
Loose to medium dense, moist to very moist, reddish brown, very silty, fine SAND (SM).

2
3

Medium dense, moist, grayish tan, silty to very silty, fine SAND, trace gravel ranging to light gray,
sandy, SILT; contains silt lenses (SM).

4
Dense, moist, grayish tan, silty, SAND, some gravel (SM).
5
6

Dense to very dense, moist, brownish gray, very gravelly, medium to coarse SAND, trace silt; contains
scattered cobbles (SP).

7
8

Becomes wet below 7.5 feet.

9
10
11

Medium dense to dense, wet, brownish gray, medium SAND, some gravel, trace silt (SP).

Bottom of exploration pit at depth 10.5 feet
Slow to moderately rapid seepage below 7.5 feet. No caving. Note: Revised 8/1/18

12
13
14
15
16
17
18
19

KCTP3 180264.GPJ August 1, 2018

20

Wyndham Highlands
Sultan, WA
Logged by: TJP
Approved by: JHS

Project No. 180264E001
5/17/18

Depth (ft)

LOG OF EXPLORATION PIT NO. EP-10

This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
together with that report for complete interpretation. This summary applies only to the location of this trench at the time of
excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
of actual conditions encountered.

DESCRIPTION

1

Topsoil
Vashon Recessional Outwash
Medium stiff, very moist, reddish brown, fine sandy, SILT (ML).

2
3

Becomes stiff and light tan with some very fine sand (ML).

4
5
6

Medium dense, moist, grayish tan with bands of iron oxide, silty, fine to medium SAND (SM).
Layers (up to 2.5 inches thick) of stratified sand.

7
8
9
10

Medium dense, wet, medium to coarse SAND, some gravel, trace cobbles (up to 5 inches
subrounded); mixed lithology (SP).

11
12
13
14

Medium dense, very moist to wet, gray with ribbons of orange iron oxide stains, very fine SAND, some
silt; contains silt interbeds (5 to 8 mm thick); contains ribbons of cementation (SP).
Bottom of exploration pit at depth 13.5 feet
Rapid seepage 9 to 13 feet. Caving at 13 feet.

15
16
17
18
19
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20

Wyndham Highlands
Sultan, WA
Logged by: JB
Approved by: JHS

Project No. 180264E001
5/17/18

Depth (ft)

LOG OF EXPLORATION PIT NO. EP-11

This log is part of the report prepared by Associated Earth Sciences, Inc. (AESI) for the named project and should be read
together with that report for complete interpretation. This summary applies only to the location of this trench at the time of
excavation. Subsurface conditions may change at this location with the passage of time. The data presented are a simplfication
of actual conditions encountered.

DESCRIPTION

1

Topsoil
Vashon Recessional Outwash
Medium stiff, very moist, brown to reddish brown, fine sandy, SILT (ML).

2
3

Stiff, very moist, gray with iron oxide bands, SILT, some fine sand (ML).

4
5
6

Medium dense, moist, grayish brown, silty, fine to medium SAND, trace gravel; contains interbedded
layers of medium to coarse sand and iron oxide banding (SP).

7
8
9
10
11

Medium dense, very moist to wet, reddish brown, medium to coarse grained SAND, trace medium to
coarse silt; possible groundwater piping (SP).

12
13
14

Medium dense, very moist to wet, reddish tan to dark gray, very fine SAND ; contains interbeds of gray,
laminated silt and medium to coarse sand (SP).
Bottom of exploration pit at depth 13.5 feet
Rapid seepage at 10 and 13 feet. Caving 13 to 13.5 feet.

15
16
17
18
19
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20

Wyndham Highlands
Sultan, WA
Logged by: JB
Approved by: JHS

Project No. 180264E001
5/17/18

APPENDIX B
Laboratory Testing Results
and
Slope Stability Analysis

LIQUID AND PLASTIC LIMITS TEST REPORT
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SOIL DATA
SYMBOL

SOURCE

SAMPLE
NO.

DEPTH

EB-1W

35'

NATURAL
WATER
CONTENT
(%)

PLASTIC
LIMIT
(%)

LIQUID
LIMIT
(%)

PLASTICITY
INDEX
(%)

35.3

24

45

21

Client: Land Resources NW LLC
Project: Wyndham Highlands
Project No.:

Tested By: BN

Checked By: TJP

180264 E001

Figure

USCS
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Name: Qvr Sand 1
Unit Weight: 125 pcf
Cohesion: 50 psf
Phi: 34 °

Wyndham Highlands
Section A-A'
Seismic - 0.25g

Name: Qvr Sand and Gravel
Unit Weight: 130 pcf
Cohesion: 300 psf
Phi: 37 °
Name: Qvr Sand 2
Unit Weight: 125 pcf
Cohesion: 100 psf
Phi: 36 °
Name: Qvr Silt
Unit Weight: 120 pcf
Cohesion: 200 psf
Phi: 30 °

Largest Failure with FS <1.15

Name: Qvr Sand 3
Unit Weight: 125 pcf
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Phi: 35 °

1.13
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Name: Qvr Sand 1
Unit Weight: 125 pcf
Cohesion: 50 psf
Phi: 34 °

Wyndham Highlands
Section A-A'
Seismic - 0.25g

Name: Qvr Sand and Gravel
Unit Weight: 130 pcf
Cohesion: 300 psf
Phi: 37 °
Name: Qvr Sand 2
Unit Weight: 125 pcf
Cohesion: 100 psf
Phi: 36 °
Name: Qvr Silt
Unit Weight: 120 pcf
Cohesion: 200 psf
Phi: 30 °

Minimum Factor of Safety

Name: Qvr Sand 3
Unit Weight: 125 pcf
Cohesion: 100 psf
Phi: 35 °

0.81

Name: Slide Debris
Unit Weight: 120 pcf
Cohesion: 100 psf
Phi: 20 °

Qvr Sand 1
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Qvr Sand 2
Qvr Silt
Qvr Sand 3
Fraser to Pre-Fraser Sediments

Elevation (ft.)

EB-2W

EB-1W
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Name: Qvr Sand 1
Unit Weight: 125 pcf
Cohesion: 50 psf
Phi: 34 °

Wyndham Highlands
Section A-A'
Static

Name: Qvr Sand and Gravel
Unit Weight: 130 pcf
Cohesion: 300 psf
Phi: 36 °
Name: Qvr Sand 2
Unit Weight: 125 pcf
Cohesion: 100 psf
Phi: 35 °
Name: Qvr Silt
Unit Weight: 120 pcf
Cohesion: 200 psf
Phi: 30 °

Minimum Factor of Safety

Name: Qvr Sand 3
Unit Weight: 125 pcf
Cohesion: 100 psf
Phi: 35 °

1.55

Name: Slide Debris
Unit Weight: 120 pcf
Cohesion: 100 psf
Phi: 20 °
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Phi: 37 °
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APPENDIX C
Liquefaction Analysis

