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1 Introduction
The Horseman’s Trail Planned Residential Development (PRD) is a 112-lot
subdivision located near Mukilteo in unincorporated Snohomish County
(Township 28N Range 4E Sections 32 and 33). The site occupies 23 acres
south of Picnic Point Road and north of 136th Place SW. The site is forested
with mature second growth and has considerable topographic relief. This
report has been prepared in support of the Draft Environmental Impact
Statement (Snohomish County Planning and Development Services 2008).
The report presents and interprets geotechnical data at the Horseman’s Trail
PRD site (“site”), including geology, soil properties, seismic (earthquake)
considerations and slope stability. It is anticipated that additional geotechnical
analyses will be required to finalize some aspects of the site design; for
example, retaining structures.

2 Investigations
Subsurface conditions of the Horseman’s Trail site have been explored by
three monitoring wells to observe groundwater conditions, and by six borings,
and 28 exploration pits to evaluate geologic conditions and infiltration
properties. Details, including logs, are presented in reports prepared by
Associated Earth Sciences Inc (1998, 2005, 2006a, 2006b), and in
Attachment A to this report. The locations of the investigations are shown on
Figure 2-1. The borings and monitoring wells were completed to depths of up
to 218 feet below ground surface. The test pits were excavated with a trackmounted hydraulic excavator to depths ranging between 4 and 17 feet below
ground surface, and were backfilled with the excavated material after logging.

3 Geology
Existing site geology is shown on Figure 3-1. Descriptions of the stratigraphic
units are presented below.
3.1

Recessional Outwash
The recessional outwash is typically sand and gravel, deposited by glacial
meltwater during the retreat of the most recent glaciation. On the Horseman’s
Trail site, this unit is thin, and has been identified only in EP-17 (see Figure
2.1 for investigation locations) in the southeastern part of the site (AESI
2005). No groundwater was encountered during the excavation of this
exploration pit.

3.2

Vashon Till
The Vashon till is the most widespread near-surface glacial deposit
underlying the site upland and surrounding area. It is a dense silty sand with
gravel and cobbles. The till is an aquitard, restricting the downward
movement of infiltrating water. However, the upper 3 to 5 feet are typically
weathered. “Weathering” refers to physical and/or chemical changes to a soil
or rock unit resulting from near-surface processes such as percolation of
water, root growth, oxidation of soil minerals, and freeze-thaw cycles. As a
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result of these processes, the weathered till is more permeable than the
underlying unweathered till.
3.3

Advance Outwash
The advance outwash directly underlies the Vashon till, and was deposited by
meltwaters in advance of the Vashon glaciation. It is typically sand with
variable amounts of silt and gravel. On the Horseman’s Trail site, the full
thickness of the advance outwash was encountered in MW-1, extending from
43 feet below ground surface (bgs) to 216 feet bgs, for a total thickness of
173 feet. The base of the advance outwash was encountered at elevation
237 feet mean sea level (msl). Monitoring well MW-3 located in Regatta
Estates (adjacent to Horseman’s Trail on the east) encountered only preVashon deposits. Ground surface at this location is about elevation 240 feet
msl, indicating that the base of the advance outwash is above this elevation.
Exploration boring EB-6 was terminated in fine sand at elevation 237.5 feet
msl due to heaving sand in the boring. This is interpreted as indicating that
the boring extended below the water table, and that the final depth was close
to the base of the advance outwash and the less-permeable underlying preVashon sediments.

3.4

Pre-Vashon Deposits
A series of glacial and non-glacial deposits underlie the Vashon glacial
sequence on the site. The uppermost sequence encountered in MW-3
consists of silty sand with silt seams, resulting in a lower permeability than
the overlying advance outwash. The pre-Vashon deposits restrict the
downward movement of groundwater, which results in the lateral flow of
groundwater in the advance outwash.

4 Soil Properties
Strength properties for granular soils (sands, gravels) can be estimated from
the Standard Penetration Test (SPT) N-value obtained during exploration
drilling. In the SPT, a 2-inch diameter split sampling tube is driven into the
ground using a 140 lb hammer with a 30-inch drop. The number of blows is
recorded for each 6 inches for a total penetration of 18 inches. The total
number of blows for the last 12 inches is recorded as the N-value. If more
than 50 blows are required for 6 inches, the N-value is recorded as >50. The
N-values from borings are summarized in Table 4-1.
Table 4-1. Standard Penetration Test N-values.
Stratum
Unweathered
Vashon till
Advance outwash:
upper section
Advance outwash:
deeper section
Pre-Vashon
sediments

Minimum

N-value
Maximum

Average

>50

>50

>50

4

48

28

30

6

>50

>50

38

>50

>50

>50

40
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The strength property of a cohesionless soil, such as sand, is expressed as
the “friction angle”. Physically, this is the steepest slope at which dry soil can
stand. The friction angle for till is not estimated, since this unit contains a
significant fraction of fines and therefore is not considered a granular soil.
The low N-values within the deeper section of the advance outwash do not
appear to correlate from borehole to borehole, except for a layer at elevation
268 to 271.5 msl in MW-2 and EB-6, with N-values of 32 and 20, respectively.
The friction angle (strength) for this layer has been reduced to 32 degrees.
Portions of the site will be excavated, and the excavated soil will be used to
bring other areas of the site up to final grade. All fill will be placed and
compacted so that it is suitable for road and building foundation. The friction
angle for fill is assumed to be 36 degrees.
The ability of soil to transmit water is termed the hydraulic conductivity. The
term permeability is often used synonymously for hydraulic conductivity,
although groundwater scientists differentiate between the two terms.
Estimates of the hydraulic conductivity of permeable soils can be made from
laboratory grain size analyses. The Stormwater Manual for Western
Washington (SMWW) published by the Department of Ecology (2005)
provides a method (Volume III page 3-89 Equation 1) that can be used to
estimate the saturated hydraulic conductivity (Ksat).
log10(Ksat) = -1.57 + 1.90D10 + 0.15D60 -0.13D90 – 2.08ffines
where D10, D60, and D90 are the grain sizes in millimeters (mm) for which 10
percent, 60 percent and 90 percent of the sample is more fine; ffines is the
fraction of the soil by weight that passes the number-200 sieve; and Ksat is in
units of cm/sec. The SMWW also provides estimates of hydraulic conductivity
based on soil texture (SMWW Table 3.7) and D10 grain size (SMWW Table
3.8).The estimates of hydraulic conductivity for the advance outwash are
summarized in Table 4-2.
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Table 4-2. Estimates of hydraulic conductivity of the advance outwash on the
Horseman’s Trail site from laboratory test data.

Depth (ft)

Location
EB-2
12.5

EB-1
15.0

MW-2
12.5

EB-3
15.0

Equation 1
D10 (mm)
D60 (mm)
D90 (mm)
Fraction fines
K (ft/day)
Table 3.7
texture
K (ft/day)
Table 3.8
D10
K (ft/day)

0.13
0.57
3
0.074
88

0.03
1.08
9
0.15
34

0.12
0.5
4
0.079
80

0.02
0.46
2
0.163
37

sand
16

loamy sand
4

sand
16

loamy sand
4

0.13
4.6

0.03
1

0.12
4.4

0.02
0.8

A measurement of the hydraulic conductivity of compacted Vashon till,
representative of potential fill material, was made using the falling head
permeameter method. The hydraulic conductivity was calculated to be 3.9 x
10-6 cm/sec.

5 Seismic Setting
The Pacific Northwest is located along the western margin of the North
American plate, above the subduction zone of the Juan de Fuca plate. This
geologically active zone has resulted in regionally high relief, and ongoing
seismic and volcanic activity. Research is currently underway regarding
historical large-magnitude, subduction-related earthquake activity along the
Washington and Oregon coasts. Geologists are reporting evidence that
suggests several large-magnitude earthquakes (Richter magnitude 8 to 9)
have occurred in the last 1,500 years, the most recent of which occurred
about 300 years ago. No earthquakes of this magnitude have been
documented during the recorded history of the Pacific Northwest.
In 2003, investigation by the USGS identified a fault running approximately
northwest – southeast across the southern end of Whidbey Island (Sherrod et
al. 2005). More recent studies have identified the extension of the Southern
Whidbey Island Fault (SWIF) across Puget Sound and into the mainland. The
current interpretation is that the fault occupies a zone about 3 miles wide,
within which there is a number of individual fault “strands.” Based on
currently available published information, it appears that the southern strand
of the fault zone either underlies or is close to the Horseman’s Trail site. The
location is shown on Figure 5-1 based on the most recent USGS published
digital mapping (United States Geological Survey 2006).
Mapping by the Washington Department of Natural Resources (Palmer et al.
2004a) has identified the seismic site class values for Snohomish County.
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The seismic site class is used to estimate the potential ground acceleration
increase from bedrock to the surface, based on the type and thickness of
soils. The mapping (Figure 5-2) identifies the Horseman’s Trail site as site
class C and site class C to D. However, investigations at the site show that Nvalues from standard penetration tests are greater than 50 for the Vashon till
and pre-Vashon sediments. The N-values for the advance outwash are
greater than 50 at depth, but lower near the surface, particularly where the
boring is located on a slope. These reduced N-values may represent
colluvium and/or soil loosened by periglacial action. Since these soils are
limited in extent and can be excavated and recompacted during earthwork,
seismic site class C is the appropriate classification for the Horseman’s Trail
property (Building Seismic Safety Council 2003).
Estimates of ground accelerations appropriate for design in accordance with
NEHRP Recommended Provisions for Seismic Regulations for New Buildings
and Other Structures have been obtained from the United States Geological
Survey (2008a) website and are as follows:
Conterminous 48 States
2003 NEHRP Seismic Design Provisions
Latitude = 47.88
Longitude = -122.32
Spectral Response Accelerations SMs and SM1
SMs = FaSs and SM1 = FvS1
Site Class C - Fa = 1.0 ,Fv = 1.352
Period
(sec)
0.2
1.0

Sa
(g)
1.269 (SMs, Site Class C)
0.606 (SM1, Site Class C)

The Snohomish County Critical Areas Regulations Section 30.62B.340
(Snohomish County 2007) for landslide hazard areas requires analysis of
dynamic conditions to be based on the horizontal acceleration as established
by the current version of the International Building Code. Seismic design for
the preliminary plat was evaluated using the 2006 International Building Code
(International Code Council, 2006). Buildings and slopes will be re-evaluated
in accordance with the IBC in effect at the time of construction permit
application.
Stability of slopes under seismic loading can be estimated using a pseudostatic approach. This applies a horizontal force to the sliding mass based on
the horizontal acceleration from the seismic event. AESI (2006a) used a
seismic coefficient of 0.65 times the Seismic Zone 3 peak ground
acceleration of 0.3g, resulting in a horizontal acceleration of 0.2g applied in
the stability calculations. The peak ground acceleration at the site is
estimated to be 0.3g for a 10 percent return probability over a 50-year period
based on the 2008 mapping (United States Geological Survey 2008b,
Peterson et al. 2008). A portion of the map covering the site and surrounding
area is shown in Figure 5-3. For the stability analyses (see Section 7), a peak

Page 7

Horseman’s Trail PRD
Geotechnical Conditions

September 2013

ground acceleration of 0.3g has been used, with a seismic coefficient of 0.65
(Day 2002), resulting in an equivalent horizontal acceleration of 0.2g.
Washington Department of Natural Resources (Palmer et al. 2004) has
mapped the liquefaction susceptibility of soil in Snohomish County (Palmer et
al. 2004b). Site soils are identified as having low to very low susceptibility to
liquefaction (Figure 5-4). This is confirmed by investigations that show all
soils except colluvium are dense to very dense. The colluvium is located
above the groundwater level and therefore is not susceptible to liquefaction.
Also, any colluvium that is within a foundation area for a retaining structure or
beneath a fill will be removed.

6 Erosion
The erosion hazard for the site is evaluated based upon the criteria identified
in Snohomish County Rule 3044 Appendix A (2006). Site soils are Alderwood
and Everett, with erosion hazard values of Medium and Low, respectively.
The parent materials are Vashon till and advance outwash, with the steepest
slopes in the range of 15 to 25 percent, for an erosion hazard value of
Medium. Overall, the site therefore has an erosion hazard value of Medium.

7 Slope stability
Snohomish County Critical Area Regulations (Snohomish County 30.62.015
(16)) define a landslide hazard area as:
"Landslide hazard areas" means areas potentially subject to mass earth
movement based on a combination of geologic, topographic, and
hydrologic factors, with a vertical height of 10 feet or more. These include
the following:
(a) Areas of historic landslides as evidenced by landslide deposits,
avalanche tracks, and areas susceptible to basal undercutting by
streams, rivers or waves;
(b) Areas with slopes steeper than 15 percent which intersect
geologic contacts with a relatively permeable sediment overlying a
relatively impermeable sediment or bedrock, and which contain springs or
ground water seeps;
(c) Areas located in a canyon or an active alluvial fan, susceptible
to inundation by debris flows or catastrophic flooding.”
Criteria (a) and (c) are not applicable to the Horseman’s Trail property as
there is no evidence of historical landslides on the site, and the site is not
located in a canyon or on an active alluvial fan. Parts of the side slopes to the
ravines and the northern slope have slopes greater than 15 percent.
However, groundwater seeps are present only in the area where groundwater
discharges to the wetland adjacent to the northwest corner of the property at
the contact of the more-permeable advance outwash with the less-permeable
pre-Vashon sediments. Therefore, the only area that potentially meets a
landslide hazard area criterion is the north-facing slope above the wetland.
This area is shown on Figure 7-1.
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Section 30.62B.340 (2) (b) of the Critical Area Regulations defines the
setbacks from the top of slopes. The identified potential landslide hazard area
has a height of 90 feet and a slope of about 50 percent. This requires a
setback from the top of the slope of the height of the slope divided by 3, or 50
feet, whichever is greater.
Section 30.62.210 (3) (a) of the Snohomish County Critical Area Regulations
requires that all portions of landslide hazard areas on the site which are
undisturbed by development activities shall be designated as Native Growth
Protection Areas in accordance with SCC 30.62.075. The proposed PRD site
plan will maintain the potential landslide hazard area as Native Growth
Protection Area.
Section 30.62.210 (3) (b) of the Snohomish County Critical Area Regulations
requires that the factor of safety for landslide occurrences shall not decrease
below the limits of 1.5 for static conditions or 1.1 for dynamic conditions.
Stability analyses along two cross-sections of the site, A-A and B-B, were
made by AESI (2006b). The locations are shown on Figure 7-1. These
analyses showed static factors of safety of 1.8 and 1.7 for cross-sections A-A
and B-B, respectively. Pseudo-static analyses with a horizontal acceleration
of 0.2g for earthquake loading produced factors of safety of 1.1 for both
cross-sections. Additional stability analyses by AESI (2012) showed that,
outside the regulation-defined steep slope area, building setbacks could be
maintained, provided:
• All proposed retaining wall systems are properly designed and analyzed to
confirm that adjacent slopes and off-site properties are not impacted by the
proposed development.
• All existing vegetation is retained within the buffer area.
• All surface and roof water is properly tightlined to an approved discharge
location at the base of the steep slope and is not allowed to flow over the
slope face, near the slope crest, or within existing drainage ravines.
Supplementary stability analyses were made for this report for cross-sections
C-C and D-D shown on Figure 7-1. Cross-section D-D is located through the
landslide hazard area. Soil properties used in the supplementary analyses
were the same as used by AESI, with the exception that a layer of lower
strength soil (friction angle 32 degrees) was included in cross-section C-C to
represent a zone approximately 5 feet thick that exhibited lower N-values at a
an elevation of about 270 feet. The Janbu method of analysis with circular
slip circles was used, implemented in the WINSTABL software package
(Siegel, 1975, and Bosscher). Groundwater elevations were based on the
results of groundwater modeling of the developed site (Anthony Burgess
Consulting 2013). Static analyses resulted in minimum factors of safety of 1.6
and 1.7 for cross-sections C-C and D-D, respectively. Comparable factors of
safety for earthquake loading (horizontal acceleration 0.2g) were 1.1 for both
cross-sections C-C and D-D. The slopes therefore meet the requirements of
Snohomish County Critical Area Regulations Section 30.62.210 (3) (b) in
terms of the static and dynamic factors of safety. Complete details of the
stability analyses are contained in Attachment B of this report.
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Slip circles for cross-section C-C were constrained to pass under a proposed
retaining structure by defining increased arbitrary strengths (cohesion and
friction) for the retaining structure area of the cross-section. Where residential
units will be located within areas of potential mass movement, additional
geotechnical analyses will be required once the type of retaining structure
has been defined.
The critical slip circles for cross-section D-D are shallow circles passing
through the crest and the toe of the slope. The landslide hazard area is
therefore the area between the crest of the slope and the toe of the slope.
The setback requirement (the greater of one-third the height of the slope or
50 feet) would be met by the proposed locations of the closest house
footprints.
The geotechnical engineer of record should use seismic parameters in force
at the time of design, in accordance with Snohomish County Code. In
addition, seismic deformation analyses should be performed for areas
potentially subject to seismic instability to ensure that displacement
associated with the design earthquake can be safely sustained by the
structures.
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B1 Approach
B1.1 Analytical Method
Two cross sections were analyzed at locations shown on Figure 7-1 of the
report. Cross section C-C is a north – south section through the deepest
section of fill in the east ravine. Cross section D-D is through the area
identified as a landslide hazard area. Cross section geometry and elevations
were extracted from site GIS data. The groundwater level used in the
analyses was based on modeling of developed conditions groundwater
(Anthony Burgess Consulting, 2008).
Analyses were performed using the WINSTABL software (Bosscher).
Janbu circular and sliding block methods were used.
B1.2 Properties
Soil properties are given in Table B1-1 below. The values used by Associated
Earth Sciences, Inc. (ref) were reviewed and are considered appropriate for
the sol types identified in the borings at the site. The low N-values within the
deeper section of the advance outwash do not appear to correlate from
borehole to borehole, except for a layer at elevation 268 to 271.5 msl in MW2 and EB-6, with N-values of 32 and 20, respectively. The friction angle for
this layer has been reduced to 32 degrees in Section C-C. The properties of
the retaining structure are arbitrary, and were chosen with the objective of
forcing the failure surface to be located outside the retaining structure.
Table B1-1. Soil Properties.

Soil type
Fill
Advance
outwash
Colluvium
Pre- Vashon
Retaining
structure
Advance
outwash, lower
strength layer

Soil
number
1

Moist unit
wt
(lb/cu ft)
120

Saturated
unit wt
(lb/cu ft)
126

Cohesion
(lb/sq ft)
0

Phi
(deg)
36

2

120

125

0

38

3
4

100
125

110
135

0
0

30
40

5

120

130

500

40

6

120

125

0

32

The stability analyses for earthquake (seismic) loading were analyzed using a
horizontal ground acceleration of 0.2g.
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B2 Analyses
B2.1 Cross Section C-C
Cross section C-C is shown on Figure B2.1-1. The retaining structure width
represents the minimum cross section required to act as a gravity structure.
Other alternatives, for example soldier piles and tie backs may also be
appropriate. Additional analyses will be required for the final type of retaining
structure.
Representative analyses are shown on Figure B2.1-2. The critical failure
circle passes close to the base of the wall (Case 1 static) with a factor of
safety of 1.6. Under seismic loading conditions (Case 1 seismic), the factor of
safety drops to 1.1. A block wedge mode of failure passing through the
weaker layer in the advance outwash (Case 2 static) has a factor of safety of
2.0. Failure circles incorporating larger sections of the fill (Case 3 static) have
progressively higher factors of safety.
B2.2 Cross Section D-D
Cross section D-D is shown on Figure B2.2-1. The critical failure surface
passes through the crest and toe of the slope. For static conditions The
factor of safety is 1.7 for static conditions and 1.1 for seismic loading (Figure
B2.2-2).

B3 References
Bosscher, P. J. WINSTABL: PCSTBL6 Slope Stability Analysis by Purdue
University. Modified by P.J. Bosscher University of Wisconsin-Madison.
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Cross Section C-C Stability Analyses
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