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FINAL GEOTECHNICAL STUDY
INDEX GALENA FLOOD REPAIR MILEPOSTS (MPS) 6.4 TO 6.9
SNOHOMISH COUNTY, WASHINGTON
1.0 INTRODUCTION
The Index Galena Flood Repairs Project is an effort by Snohomish County to reestablish
MPs 6.4 and 6.9 of the Index Galena Road. The Index Galena Road is along the North Fork
Skykomish River in Snohomish County. In the fall of 2006, the roadway was damaged by
flooding in eight separate locations, this project being one. The roadway was washed away
between MPs 6.4 and 6.9, where the roadway is in the North Fork Skykomish River channel
migration zone. Reestablishment of the Index Galena Road will provide direct access to
recreational cabins, campgrounds, and hiking trails from Index, Washington. Access is currently
limited to gravel U.S. Forest Service roads over Jack’s Pass. The general location of the project
is shown in Figure 1, Vicinity Map.
2.0 SCOPE OF SERVICES
Shannon & Wilson, Inc. (Shannon & Wilson) is the geotechnical engineering consultant for
Snohomish County. In this capacity, Shannon & Wilson provided geotechnical engineering
services that are divided into the following tasks:








Planning
Aerial photograph review and field reconnaissance
Field explorations
Geotechnical laboratory testing
Field and laboratory data compilation
Engineering analyses and design
Geotechnical report preparation

This report provides geotechnical recommendations to Snohomish County. We understand that
Snohomish County will use these recommendations to design the proposed roadway.
These tasks were authorized as two work orders on June 21, 2011 (WA 6), and September 12,
2011 (WA 6a), as part of Master Agreement No. OC09/3-7(AS).
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3.0 PROJECT AND SITE DESCRIPTION
3.1

Project Background

In November 2006, a record flood event caused catastrophic damage to Index Galena Road.
High flows from the North Fork Skykomish River washed out multiple sections of the roadway
between MPs 6.4 and 6.9. A side channel of the river now occupies extensive sections of the
existing Index Galena Road roadway alignment. The 2006 flood damage event resulted in Index
Galena Road being closed at MP 6.4, just east and upstream of Snohomish County’s Trout Creek
Bridge #494 at MP 6.05.
The sole vehicular access to the area east of the washed out road is the U.S. Forest Service
Beckler River Road located east of the town of Skykomish in northeast King County. The
Beckler River Road gains nearly 1,000 feet in elevation to cross Jack Pass (also known as Jack’s
Pass). Vehicles descend from Jack’s Pass on U.S. Forest Service Road #65 to gain access to the
North Fork Skykomish valley and intersect with Index Galena Road at MP 14.3.
This approximate 40-mile detour route to the upper end of the Index Galena Road washout at
MP 6.9 is typically available only seasonally for five months (usually late May to early
November), and provides the sole vehicular access for property owners, emergency service
providers, recreational users to camp sites and trailheads, and U.S. Forest Service personnel.
After the 2006 flood damage, Snohomish County determined that Index Galena Road should be
repaired or relocated to re-establish roadway network connectivity. Snohomish County Public
Works coordinated with the Federal Highway Administration and the Washington State
Department of Transportation (WSDOT) to secure Emergency Relief funding to evaluate
appropriate methods of repairing the road and reduce future flood damage. Additional
coordination involved the U.S. Forest Service, on whose lands any relocated roadway would be
constructed.
In 2008, Shannon & Wilson conducted the geotechnical portion of a feasibility study, which
provided conceptual-level recommendations to Snohomish County for selection of a preferred
alignment option to rebuild Index Galena Road. As a part of the study, we performed literature
and data review, field reconnaissance, and engineering geologic mapping. With this information,
we performed engineering analyses to develop conceptual-level recommendations for cut slopes
and fill slopes, to reduce rock fall and debris flow hazards, and to select excavation methods and
materials, and prepared a report on our findings. The surficial geologic map developed during
the 2008 study has been updated and incorporated into Figure 2, Site and Exploration Plan, of
this report.
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In 2009, Shannon & Wilson conducted a follow-up study for a proposed Upper Alignment,
previously known as Alternative 4B. This study included performing seismic refraction surveys
and drilling nine borings, performing geotechnical laboratory testing, preparing field logs and
subsurface profiles, and preparing a data report of our findings.
In 2010, Shannon & Wilson conducted a follow-up study specifically for the proposed Lower
Alignment, previously known as Alternative 3B. The Lower Alignment is somewhat above but
near the base of the slope south of the road. This study included performing additional seismic
refraction surveys and hand borings, performing geotechnical laboratory testing, preparing field
logs and subsurface profiles, performing preliminary engineering analyses and design, and
preparing a preliminary geotechnical report of our findings. The location of the proposed
alignment discussed in this report is similar but not identical to Alternative 3B.
The following is a list of the reports we produced prior to this report:

3.2



“Draft Preliminary Geotechnical Study, Index Galena Floor Repair Mileposts (MPs)
6.4 to 7.5, Channel Migration and Route Feasibility Study, Snohomish County,
Washington,” Shannon & Wilson, dated March 30, 2009 (Shannon & Wilson,
2009b).



“Phase 1, Index Galena Flood Repairs MP 6.4 to MP 6.9, Draft Route Feasibility
Study, Snohomish County, Washington,” H.W. Lochner, dated March 11, 2009.



“Draft Data Report, Proposed (Upper) Alignment 4B, Index Galena Flood Repairs
Project, Mileposts 6.4 to 6.9, Snohomish County, Washington,” Shannon & Wilson,
dated December 18, 2009 (Shannon & Wilson, 2009a).



“Preliminary Geotechnical Study, Index-Galena Flood Repair, Mileposts (MPs) 6.4 to
6.9, Snohomish County, Washington,” Shannon & Wilson, dated January 25, 2011
(Shannon & Wilson, 2011).

Project Description

To reestablish Index Galena Road between MPs 6.4 and 6.9, Snohomish County plans to
construct a new roadway along the alignment shown in Figure 2, Site and Exploration Plan. The
new roadway will consist of two 10-foot lanes with 1-foot-wide shoulders. The outboard
shoulder will be 3 feet wide adjacent to retaining walls. Geotechnical elements of the project
include fill walls, cut walls, embankments (reinforced and unreinforced), cut slopes, armored
debris flow crossings, debris flow training berms, and bridge foundations. The locations, by
project station, of retaining walls, embankments, armored crossings, and other project features
are shown in Table 1, Retaining Walls and Slopes Summary.
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3.3

Site Description

The topography in the area is rugged, with steep slopes, high-gradient streams, and debris flow
channels. The northwest-facing valley slopes climb steeply for more than 4,300 feet to Iron
Mountain, which is about 2 miles to the east. The average slope from the valley bottom to the
summit of Iron Mountain is about 20 degrees; however, the lower slopes are steeper with several
cliff bands 400 to 1,000 feet above the river. The proposed alignment is within a non-wilderness
corridor next to the Wild Sky Wilderness. The non-wilderness corridor extends 500 feet
vertically above the North Fork of the Skykomish River.
4.0 FIELD EXPLORATION PROGRAM
To evaluate the subsurface and groundwater conditions at the project site, we conducted a field
exploration program. The field exploration program included a geologic reconnaissance,
borings, downhole logging, vibrating wire piezometer (VWP) installations, hand borings, and
two seismic refraction surveys.
4.1

Field Reconnaissance

Between August 8, 2008, and November 20, 2012, Shannon & Wilson performed several site
visits as part of a field reconnaissance along slopes between MPs 6.4 and 6.9 near the Index
Galena Road. Our field reconnaissance included:


Reconnaissance-level geologic mapping. We mapped exposed soil and rock units
with an emphasis on evaluating engineering properties.



Identified potential construction impacts (i.e., cut, fill, and retaining wall).



Identified and mapped existing and potential geologic hazards.

The results of our field reconnaissance are presented in Figure 2, Site and Exploration Plan.
4.2

Borings

In 2009, with our drilling subcontractor, Salisbury & Associates, Inc. (Salisbury), we explored
the subsurface conditions along the previously proposed Alternative 4B by drilling and sampling
nine borings, designated B-1 through B-8 and B-11. In 2011, we drilled nine borings, designated
B-1L through B-7L, B-9L, and B-10L, near the previously proposed Alternative 3B and the
current alignment with Salisbury. The Site and Exploration Plan, Figure 2, shows the boring
locations. The drilling and sampling methods used to complete these borings are described in
Appendix A. The logs for the borings are presented in Appendix A as Figures A-3 through
A-20. Photographs of the core samples collected from the borings are included in Appendix B.
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We installed VWPs in selected borings to measure groundwater levels and to monitor seasonal
groundwater fluctuations. In 2009, we installed VWPs in borings B-3, B-5, and B-8; and in
2011, we installed VWPs in borings B-1L, B-3L, B-4L, B-5L, and B-7L.
In 2011, with our geophysical consultant, Phil Duoos, we performed borehole geophysical
logging on three borings: B-2L, B-3L, and B-9L. Tests performed included caliper tool and
optical televiewer. These tools are used to identify rock fractures, fracture zones, and washouts,
and delineate fracture orientation and width. The results of the geophysical logging are
presented in Appendix E.
4.3

Hand Borings

In July 2010, we drilled seven hand borings designated HB-1A through HB-1C and HB-2A
through HB-2D, and in February 2012 we drilled three hand borings designated HB-3A, HB-3B,
and HB-4. We drilled the hand borings to evaluate the shallow subsurface conditions along
selected portions of the alignment and to collect relatively undisturbed samples of recessional
lacustrine clay for strength testing. The Site and Exploration Plan, Figure 2, shows the hand
boring locations. The logs for the hand borings are presented as Figures A-21 through A-29 in
Appendix A. The methods used to advance and sample the hand borings are described in
Appendix A.
4.4

Seismic Refraction Surveys

Phil Duoos performed seismic refraction surveys under subcontract with Shannon & Wilson. He
performed the first survey from July 6 through 17 and August 7, 2009. The first survey covered
approximately 4,000 feet along the southern end of the previously proposed Alignment 4B and
three cross lines perpendicular to the alignment, each approximately 400 feet long. The second
survey occurred from July 27 through 29, 2010. This survey included one approximately 1,000foot-long line, along the southern section of the previously proposed Alignment 3B and one
approximately 400-foot-long cross line perpendicular to the alignment. The locations of all
geophysical survey lines are presented in Figure 2, Site and Exploration Plan. The results from
the surveys are presented in Appendix D, Seismic Refraction Survey Reports. We used the
seismic refraction method to evaluate subsurface stratigraphy and estimate variations in rock
strength along the southern end of the alignment.
With seismic refraction, a shock wave is induced and the shock propagates through the
subsurface at speeds depending on subsurface conditions. Geophones placed at the surface
record the resulting ground motion and shock arrival time. With the travel times and distances,
the seismic velocities and depths to stratigraphic contacts are calculated.
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The seismic refraction survey interpretation includes three soil layers and three bedrock zones.
Each zone was interpreted from the calculated seismic velocity. The increase in soil seismic
velocity with depth may be the result of consolidation, increase in concentration of boulders and
cobbles, boulders in direct contact with boulders, and groundwater. Degree of weathering,
fracture spacing, and fracture orientation affect bedrock seismic velocity. Highly weathered
zones generally correspond to low-velocity bedrock and unweathered bedrock cores generally
correspond to high-velocity seismic zones.
5.0 LABORATORY TESTING
We performed geotechnical laboratory tests on select samples retrieved from the subsurface
explorations to characterize basic index and engineering properties. The soil and rock tests,
including visual classification, water content determinations, grain size analyses, Atterberg Limit
tests, consolidated undrained triaxial compression tests, and rock point load tests, were
performed in the Shannon & Wilson laboratory in Seattle, Washington. Unconfined compressive
strength tests were performed by Advanced Terra Testing, Inc. in Lakewood, Colorado.
Laboratory testing was performed in accordance with the ASTM International standard test
procedures. The laboratory test results and procedures used to obtain the results are presented in
Appendix C.
6.0 GEOLOGY
Our understanding of the geology and subsurface conditions along the alignment is based on our
literature search and review, geotechnical investigations, and on our general understanding of the
geologic history and stratigraphy of the region. Our interpretation of the geology and subsurface
conditions is shown in Figure 2, Site and Exploration Plan; Figure 3, Subsurface Profile Along
Alignment; and Figures 4 through 8, Cross Sections A-A' through E-E'.
6.1

Regional Setting

The project is within the Northern Cascades geologic province on the northwest-facing slopes of
the North Fork Skykomish River valley. The topography in the area is rugged, with steep slopes,
high-gradient streams, and high relief. Bedrock consists of Paleozoic and Mesozoic marine
metasedimentary rocks intruded by Tertiary granodiorite and tonalite batholiths (Booth, 1990).
Intrusion of the batholiths caused uplift and deformation of the overlying metasedimentary rocks.
The glacial history of the area is complex, with multiple advances of the Cordilleran ice sheet
into the Puget Lowlands during the early to late Pleistocene, which closely followed alpine
glacial advances from the North Cascade Mountains. The last continental glaciation of the Puget
Lowland (Vashon Stade of the Frasier Glaciation) occurred between 15,000 and 13,500 years
21-1-21116-031

21-1-21116-031-R2.docx/wp/clp

6

ago. As alpine glaciers retreated, glacial ice of the Cordilleran ice sheet blocked the mouth of
alpine valleys, including the North Fork Skykomish River valley, creating large moraine-like
dams of deltaic sand and gravel deposits. Alpine glacier meltwater backed up against the dams,
creating glacial lakes. The estimated maximum top of the resulting lake beds correlates well
with the top of deltaic sand and gravel deposits at the mouth of the valley. In the North Fork
Skykomish River valley, the maximum top of the lake beds is approximately elevation 1,600 feet
(Booth, 1990). Erosion and deposition during these glaciations sculpted and molded the present
topographic terrain.
After the continental glacier ice retreated and the glacial lakes drained, fluvial and mass wasting
processes have been the primary means of erosion and deposition in the area. Fluvial activity
has reworked and incised the alpine glacial and lacustrine sediments that filled the North Fork
Skykomish River valley. Mass wasting processes continue to shape the steep slopes that rise up
from the valley floor. These processes formed large debris fans within the valley.
6.2

Geologic Units

The results of our geologic mapping are shown in Figure 2, Site and Exploration Plan. The
following paragraphs describe the geologic units observed during our geologic reconnaissance
and encountered in borings.
6.2.1

Alluvium (Qal)

This unit contains Quaternary alluvial deposits of the North Fork of the Skykomish River
and Trout Creek. These deposits consist of loose to medium dense, rounded to subangular,
slightly silty to silty, sandy gravel and sand. Borings B-6L, B-7L, and B-10L and hand borings
HB-2A through HB-2D, HB-3B, and HB-4 encountered alluvial deposits. The roadway will bear
entirely or partially on Qal between Stations 10+00 and 12+00, 40+00 and 47+00, and north of
54+00. Alluvium is overlain by marsh deposits north of Station 54+00, and interbedded with
colluvium near the base of the slope between about Stations 40+00 and 47+00. Alluvium
typically has numerous cobbles and boulders and can contain logs and log jams. Excavated and
natural slopes in alluvium tend to ravel. The alluvium usually is moderately easy to excavate,
except when large boulders are encountered, and when excavating below groundwater.
6.2.2 Terrace Alluvium (Qtal)
A terrace is remnant of an abandoned floodplain that was formed when the river flowed
at a higher elevation than present. The proposed roadway will likely encounter these deposits
between about Stations 49+00 and 53+00. The extent of the terrace is shown in Figure 2. We
interpret the soil encountered in hand borings HB-3B and HB-4 to be associated with this
relatively elevated surface. The deposits associated with the terrace are similar to Qal and
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consist of loose to medium dense, slightly silty to silty sand and gravel. Terrace alluvium
typically has numerous cobbles and boulders and can contain logs and log jams.
6.2.3

Alluvial Fan Deposits (Qaf)

This unit contains Quaternary alluvial fan deposits that formed in the Trout Creek
drainage and other unnamed drainages in the project area. The fans were primarily formed by
debris flows from several source areas (convergent headwalls) in the steep upland areas south of
the proposed roadway corridor. Depending on the source area, these soils can range from finegrained deposits (stiff, clayey silt) to coarse-grained deposits (trace of silt to silty, sandy gravel
with numerous boulders and cobbles). The proposed roadway alignment will likely encounter
alluvial fan deposits between about Stations 12+00 and 14+50, and 53+00 and 54+00. These
fans are likely composed of the coarse-grained deposits. Beyond the north end of the alignment,
borings B-8 and B-11 encountered alluvial fan deposits containing fine-grained deposits near the
surface, likely reflecting a source area partially within Qvrl deposits. Qaf can contain organic
material, including logs.
6.2.4 Marsh Deposits (Qm)
The Quaternary marsh soils observed within the project area were deposited in a lowenergy environment likely formed when runoff from the slopes was blocked by construction of
Index Galena Road and natural river levees. These deposits typically consist of saturated sand,
silt, and clay with abundant organic material. Borings B-10L and HB-2D encountered
approximately 3 feet of marsh deposits, consisting of very loose, silty sand and clayey silt to silty
clay with abundant organics. The proposed roadway will likely encounter Qm between about
Stations 54+00 and 56+50. These deposits are potentially compressible and liquefiable.
6.2.5

Colluvium (Qc)

Quaternary colluvium is soil that is deposited on slopes by mass wasting processes,
including rockfall, soil creep, and non-concentrated erosion caused by sheet wash and rain
splash. The colluvium consists of heterogeneous silt, sand, gravel, cobble, and boulder deposits.
Clay and silt layers and pockets are present where colluvium formed over glacial recessional
lacustrine deposits.
Between Stations 21+50 and 40+00, the colluvium consists of talus and scree deposits
(boulder colluvium) that formed mostly from rockfall from cliffs above the site. The colluvium
encountered in the borings primarily consists of heterogeneous silt, sand, gravel, cobbles, and
boulders with local clayey layers and scattered void spaces. Boulders with sand and gravel
matrix dominate the colluvium encountered in the borings. Boulders at the surface typically
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range from 3 to 5 feet in diameter and occasionally exceed 30 feet. Most boulders encountered
in the borings ranged from 1 to 3 feet in diameter, but the boring likely did not penetrate
boulders along their longest axis. The coarse material is angular to subangular. Agglomerations
of boulders, cobbles, and/or gravel commonly have zones with high permeability. During
drilling, it was common to lose circulation when advancing through colluvium. The boulders fell
from the granitic cliffs to the south in rockfall and/or rock slides. Scattered to abundant boulders
requiring blasting should be anticipated. On steep slopes, colluvium is subject to creep;
however, on gentler slopes, colluvium typically is relatively stable.
6.2.6

Glacial Recessional Lacustrine Deposits (Qvrl)

This unit contains glacial recessional lacustrine soil that was deposited at the lateral
margin of the continental glacier at a time when the drainage of the Skykomish Valley was
blocked by ice. Borings B-1L, B-3, B-4L, B-5, and B-5L encountered recessional glacial lake
deposits overlying and interbedded with colluvium. These deposits range from soft to stiff,
slightly fine sandy, clayey silt to silty clay, and non-plastic slightly fine sandy silt. The
consistency estimated from Standard Penetration Tests may be locally overestimated due to the
presence of scattered gravel, cobbles, and boulders. We observed boulders up to 4 feet in
diameter in the Qvrl deposits, which likely fell from cliffs when the glacial lake was present.
The Qvrl exposed in the landslide near Station 46+50 and encountered in borings and
hand borings generally displayed intact bedding, and lacked slickensides and blocky texture
associated with landslide deposits. However, these layers may have moved downslope as intact
blocks and retained their undisturbed appearance. Hand boring HB-1A encountered Qvrl with a
disturbed appearance in the upper 5 feet of the boring. HB-1A is near the headwall of a landslide
mapped during field reconnaissance (Figure 2).
Glacial recessional lacustrine deposits have a relatively low permeability, so springs tend
to occur at the interface between the colluvium and lacustrine beds or weep from the sandy
interbeds in the clay. Landslide features were observed on moderate to steep slopes underlain
with these glacial soils.
6.2.7

Bedrock (Tig)

This unit contains Tertiary granodiorite of the Index Batholith consisting of homogenous,
light gray, medium- to coarse-grained granodiorite (Weaver, 1912). This rock forms cliffs where
it outcrops. Borings B-1 to B-4, B-2L to B-4L, B-6, B-7, and B-9L encountered granodiorite
bedrock at varying depths. Bedrock extracted in the cores ranged from moderate to high strength
with local zones of very low-strength rock in boring B-7. Point load data in granodiorite bedrock
range from about 5,600 to 17,200 pounds per square inch (psi). Fractures were generally closely
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to moderately spaced with local areas where fractures were very closely spaced in boring B-7
and widely spaced in boring B-3. The granodiorite was generally slightly to moderately
weathered along fractures, with local highly weathered zones. Boring B-4 encountered a 5-footthick, slightly weathered diorite zone with closely spaced fractures above granodiorite.
The granodiorite exposed in outcrops at the ground surface typically has widely spaced joints
with two dominant, steeply dipping joint sets oriented roughly east-west and north-south. A
third dominant joint set dips to the southeast at 0 to 10 degrees. In places along the corridor,
these joint sets form roughly rectangular block approximately 2 feet thick, 2 feet wide, and 4 feet
long. We also observed exfoliation joints on many of the natural outcrops, which are oriented
approximately parallel to the rock surface. Figure 9 presents the orientation of rock
discontinuities measured in natural outcrops of the Index Batholith granodiorite (Tig). Data from
geophysical logging performed in borings B-2L, B-3L, and B-9L indicate discontinuity
orientations that are roughly horizontal with slight dips to the north to east. Figure 10 presents
the orientation of rock discontinuities measured from data obtained during geophysical logging.
6.3

Groundwater

Shallow, unconfined groundwater occurs within the quaternary alluvium and colluvium deposits
that overlie the tertiary granodiorite bedrock in the project area. The alluvium and colluvium
along the proposed alignment are up to 30 and 60 feet thick, respectively.
We installed eight VWPs to measure the groundwater level following drilling. VWPs were
installed in boring B-8 in alluvial fan deposits, borings B-1L and B-5 in recessional glacial
lacustrine deposits, borings B-5L and B-7L in colluvium, boring B-3 near the colluvium-bedrock
contact, and borings B-3L and B-4L in bedrock.
Groundwater levels in the alluvium range between about 5 and 15 feet below ground surface
(bgs), and in the colluvium range between about 5 and 50 feet bgs. Groundwater also occurs
within fractures in the underlying Tig bedrock, which is likely thousands of feet thick. Where
we made measurements, the groundwater levels in the bedrock ranged between about 25 and
50 feet bgs in the project area. The most recent groundwater readings are presented on the
boring logs in Appendix A.
Long-term groundwater monitoring was performed on VWPs installed in borings B-3L and
B-5L. Groundwater level measurements from these two borings indicate seasonal groundwater
level fluctuations up to about 10 to 15 feet in the project area. Groundwater elevation data
plotted versus time for boring B-3L and B-5L are presented on graphs in Appendix G.
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We estimate that the shape of the groundwater table generally follows the topography and that
groundwater flows from southeast to northwest in the project area.
6.4

Geologic Hazards

Geologic hazards in the project area include rockfall, landslides, and fault-induced ground
rupture. The following sections describe each geologic hazard and the impact they may have on
the proposed roadway alignment.
6.4.1

Rockfall

Rockfall is the process of bedrock fragments detaching and falling from a cliff or steep
slope. Rockfall is typically triggered by increased pore pressure associated with increased
rainfall, freeze-thaw cycles, and by cuts that create an unstable condition. Rockfall hazards can
be divided into two main sources: natural slopes and cut slopes.
Rockfall hazards from natural slopes range from single block release to rock slides,
which can involve the failure of hundreds of cubic yards or more. Figure 2, Site and Exploration
Plan, shows some natural bedrock outcrops that could be rockfall sources, including several high
above the roadway in the Wilderness Area. Topographic maps of the project area show rock
cliffs between elevation 1,200 and 1,800 feet. Rockfall hazards from natural slopes should be
considered in the risk analysis; however, in our opinion, mitigating rockfall from all outcrops
may not be practical. We recommend that Snohomish County consider the joint probability of
occurrence of rockfall and the presence of travelling public before considering natural rockfall
hazard mitigation.
Rockfall will likely occur from bouldery colluvium soil deposits because of raveling of
cobbles and boulders. The subsurface conditions encountered in our field explorations did not
include bedrock at the excavation depths expected along the proposed roadway alignment;
therefore, we do not expect rock cuts will be made. However, boulders in the colluvium should
be expected to ravel and cause rockfall onto the roadway. Further large boulders may be
encountered that would require blasting, and might be left partially in place. These large
boulders in essence would differ little from bedrock and would present a similar rockfall hazard
to intact bedrock cuts. We present rockfall mitigation strategies in Section 7.1 of this report.
6.4.2

Landslides

We mapped several landslides near the proposed alignment roadway corridor during site
reconnaissance. Two landslide types we observed include debris flows and slumps.
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Debris flows are rapidly moving rock fragments, soil, and water that form a viscous fluid.
Past debris flows in the proposed road corridor began in convergent headwalls in the steep
uplands and scoured out stream channels before depositing boulders, cobbles, gravel, and sand
on more gentle slopes or the valley floor below. In steeper areas, debris flow velocity can
exceed 20 miles per hour. Debris flows are the primary mechanism in the formation of the
alluvial fans present within the project corridor. Debris flow scars (or chutes) and associated
deposits are present near Stations 29+00 and 53+50. We estimate the recurrence interval for
these debris flows is approximately 15 to 20 years, based on our aerial photograph interpretation.
Debris flow mitigation is discussed further in Section 9.2.1.
Slumps are slow-moving landslides that typically have a rotational and/or translational
component to the movement. Slumps occur where lateral support was reduced by bank erosion
or old timber road construction. Slumps are present upslope of the alignment near
Stations 40+00 and 46+50 in areas underlain by recessional lacustrine deposits (Qvrl) and
colluvium (Qc). The lacustrine deposits are characterized by low shear strength and poor surface
drainage. We observed several seeps within the unit where water was being transmitted along
thin sand layers between layers of silt and clay.
6.4.3 Ground Rupture
The project area is about 10 miles away from the Straight Creek Fault and 30 miles from
the Devils Mountain Fault; however, there is no current evidence for Holocene activity along
these faults. The Seattle Fault Zone is approximately 30 miles southwest of the project site, and
is the nearest fault with evidence of Holocene movement. The recurrence interval for large
earthquakes with large ground surface deformation in the Seattle Fault Zone is on the order of
3,000 to 5,000 years. Therefore, it is our opinion that the risk posed by fault-induced surface
rupture along the project corridor is low.
7.0 CONCLUSIONS AND RECOMMENDATIONS
The following sections provide a general discussion of the recommendations for landslide and
rockfall hazard reduction, excavations, embankment construction, retaining walls, reuse of
on-site soil, and seismic design along the alignment. Table 1 presents a summary of our
recommended options for the proposed cuts and fills along the alignment.
7.1

Rockfall

Rockfall will occur from natural outcrops, and cuts made into bedrock large boulders, and from
cuts made into bouldery colluvium. The alignment could be affected by each type of rockfall
listed above.
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Natural rockfall could affect the alignment; however, the risk should decrease with distance from
cliffs so the frequency of natural rockfall impacting the roadway is likely to be low. Although
infrequent, natural rockfall could include boulders larger than 20 feet in diameter.
Rockfall that occurs from cuts made into bedrock and bouldery colluvium has a greater
likelihood of affecting the alignment than natural rockfall. Rockfall from cuts probably would
be less than a few feet in diameter. While the subsurface explorations do not indicate bedrock
will be encountered in the proposed roadway excavations, some boulders could be large enough
that rock excavation will be required. Rock cut stabilization measures are discussed in
Section 7.3.1.
Based on our current understanding of the project elements presented in Table 1, cuts in bouldery
colluvium would occur between Stations 16+25 and 25+00, 28+00 and 35+00, and 48+00 and
49+50. These slopes present the most likely source for rock fall along the alignment. We
recommend installing rockfall protection on bouldery colluvium cut slopes with slope heights
greater than 10 feet. Slopes 10 feet or less may still produce rockfall that could end up on the
roadway; however, the majority of rockfall should end up in the drainage ditch because of the
reduced rollout distance associated with the shorter slope height.
Potential rockfall mitigation systems that could be effective for cuts into bouldery colluvium
include: (a) catchment ditches, (b) catchment fences, and (c) mesh drapes.


Catchment ditches are effective provided sufficient room is present at the slope toe.
Typically, catchment ditches should be covered by a layer of loose sand or gravel to
absorb the energy of falling rocks, and sloped to promote rocks rolling back into the
ditch. Catchment ditches would, however, increase the size of the cutslope and
therefore increase the footprint and impact of the roadway. Criteria for ditch width
based on slope height are provided in a table in Figure 12. The minimum ditch width,
for slopes between 0 and 40 feet, is 17 feet; however, a narrower ditch could likely be
designed for each specific slope.



Catchment fences can be placed below the rockfall source. Catchment fences are
designed using rockfall simulation programs which model rockfall bounce height and
kinetic energy. We recommend using catchment fences in combination with other
rockfall mitigation measures, such as catchment ditches. The use of catchment fences
can significantly reduce the width of catchment ditches.



Mesh drapes are placed over rock or soil slopes to either keep rockfall from initiating
or to allow rockfall to slowly move to the slope toe. A mesh drape anchored at
regular intervals on slopes is used to prevent rockfall initiation when the expected
rockfall size is relatively small, such as in soil cuts. Where larger rockfall is possible,
such as a steep rock cut, the mesh drape is anchored only at the slope top, so falling
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rocks can move slowly between the mesh and the rock face. The mesh material
should be designed for the expected block size.
Several of these alternatives can be combined. For example, a lower-height rockfall fence could
be placed at the top of a broken cut that transitions into a drape over a steeper rock cut below.
Catchment ditch size can be smaller if mesh drapes or catchment fences are used. Ditches
approximately 5 feet wide should be constructed below mesh drapes to prevent slow-moving
rockfall from rolling onto the roadway and to collect gravel-sized rockfall that can penetrate the
mesh drape.
7.2

Landslides

Debris flow channels and deposits and landslide scars are present near the alignment. Therefore,
there is a risk of landslides burying or eroding the proposed roadway. The locations of debris
flow channels and deposits and landslide scars are presented in Figure 2, Site and Exploration
Plan.
7.2.1

Debris Flows

This section presents our recommendations for debris flow mitigation alternatives to
protect the proposed roadway alignment. In our opinion, stabilizing the initiation zone is not a
viable alternative. Therefore, our recommendations focus on alternatives that could be
constructed in the transport and deposition zones. Alternatives to protect the roadway from
possible future debris flows include:


Armored Crossings. This option allows debris to flow over the top of the road while
protecting road from erosion. After a debris flow event, the roadway likely would be
blocked by debris until maintenance crews can clear the site.



Diversion Berms. This option diverts debris flows away from the road. After a
debris flow event, maintenance crews would need to clear out the debris channel to
restore the full channel depth.
7.2.1.1

Armored Crossings

Armored crossings are intended to protect the roadway prism from erosion by
debris flows and/or flooding by armoring the roadway with a concrete apron. Maintenance
would be required to clean the concrete apron and low-flow channels following a debris flow
event. An armored crossing would be applicable for the debris flow channel at Station 29+00.
Features of these roadway protection measures include:


Portland cement concrete pavement (PCCP) to improve erosion resistance and to
resist damage from equipment used to clean debris from the roadway.
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Up and downstream PCCP aprons to prevent the debris flow or flooding from
eroding the roadway edges. We recommend extending riprap over the concrete
aprons.



Shallow channel constructed in the roadway (dip in the roadway where the stream
can cross) to convey flooding across the armored roadway section. A shallow
channel would direct much of a debris flow, reducing debris deposition adjacent
to the armored roadway section. We recommend making the roadway dip as deep
as practical within the roadway geometric constraints. We also recommend
sloping the roadway surface in the crossing downstream to the extent practical.



An armored roadway section should be large enough that expected debris will not
deposit or scour non-armored roadway. We estimate that the magnitude of a
single debris flow would range between 100 and 200 cubic yards. We
recommend extending the armored roadway from Stations 28+40 to 29+40.



A normal flow channel constructed below the roadway. We recommend covering
this channel with a removable grate or concrete panels that support traffic.
Removable panels facilitate cleaning.

The following photographs show an example of an armored roadway on the
Suiattle River Road in the Cascade Mountains of Washington State:

2 Normal stream flow channel under armored
pavement section. Note armored slopes below the
roadway.

1 Removable steel grate over normal stream flow.

3 Normal stream flow channel under armored
pavement section. Note armored slopes below
the roadway.

4 Removable concrete panels over normal
stream flow channel.
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7.2.1.2

Diversion Berms

Diversion berms change the direction of a debris flow to protect a feature or to
cause deposition on flatter terrain where debris can be managed. At Station 53+50, the proposed
topography would be suitable for constructing a berm that would direct a debris flow into the
ditch between the road and the existing slope and towards the existing marsh area. Figure 11,
Debris Training Berm Plan, shows a possible berm location.
The berm height should be designed using the expected flow depth, estimated
debris flow velocity, and radius of curvature to calculate likely superelevation. Based on our
experience and calculations of debris flow depth, we estimate that the berm height, measured
from channel invert to top of channel slope should be about 13 to 15 feet. With this height, some
debris could overtop the berm on its upstream end but likely would not flow onto the road. The
following summarizes the results of our analyses:
Berm height:
Berm radius of curvature:
Debris flow magnitude:
Peak discharge:
Flow velocity:
Debris flow depth:

15 feet
200 feet
1,300 cubic yards (cy)
60 cy/second
25 feet per second (fps)
9 feet

The high flow velocities (25 fps) will result in significant erosive forces. To
reduce the susceptibility of the uphill face of the berm to erosion and scour, we recommend that
the face be protected with durable, angular, large boulders that are interlocked and keyed into the
slope and form a relatively smooth surface. Greater erosion protection could be achieved by
using rock-filled gabion baskets, welded wire baskets, timber crib walls, or other gravity walls
that can resist impact loads, are flexible, and are tied together. We do not recommend using
concrete facing elements. We recommend a minimum embedment of the boulders of 1 foot
below the channel bottom to decrease the susceptibility of the bottom of the face to scour. While
greater embedment could provide greater protection from scour, the relative risk of scour along
the berm may decrease because of the decreasing slope of the channel created by the berm. The
core of the berm can be constructed out of common borrow, rock fill, or on-site material suitable
for re-use (see section 7.7).
The berm should extend down the roadway and curve until it is parallel to the
road. Additional protection for the proposed bridge abutments should not be necessary. The
first proposed abutment is several hundred feet from the base of the debris chute along very
gently sloping ground. If a debris flow reaches the bridge, velocities should not be high enough
to cause scour and damage to the abutments.
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Based on our analyses and understanding of the project, the impact of the training
berm on stream flow and debris flow deposition in the marsh area should be similar to the impact
of stream flow and debris flow deposition in the marsh area prior to road and training berm
construction. The existing topography at the base of the debris chute would likely force a debris
flow toward the marsh area, similar to the proposed training berm. The debris flow chute
experiences intermittent stream flow during heavy rain events; however, flow infiltrates beneath
the ground surface at the base of the debris chute. Groundwater likely flows towards the marsh
area, similar to what would occur after training berm construction.
7.2.2

Slumps

Slumps were observed in recessional lacustrine deposits along the proposed alignment.
Excavating into or placing fill on these deposits could aggravate existing slumps or cause new
slumps to occur. We recommend avoiding cuts into or placing new fill onto recessional
lacustrine deposits where landsliding has been observed (near Station 46+00). Cutting into the
toe of existing landslides or placing new fill could trigger slope movement.
Through this study, Shannon & Wilson and Snohomish County collaborated to design a
roadway that would avoid the glaciolacustrine deposits to the extent practical. For the most part,
excavations into the glaciolacustrine deposits near the landslide area have been avoided by
moving the alignment towards the river and raising the road grade; however, due to roadway
geometry constraints, not all cuts were avoidable and the remaining excavations will likely
require stabilizing measures such as retaining walls or structural reinforcements. These options
are discussed in Section 7.5.
7.3

Excavations

Cut slope recommendations presented in this section are based on our observations of natural
slopes, observed performance of existing cut slopes, and general knowledge of working with
similar materials. Preliminary recommendations for cut slopes are presented in Table 1 and in
Figures 12 and 13.
7.3.1

Rock Excavations

The results from our field reconnaissance and geophysical surveys show the proposed
roadway excavations likely will not encounter intact bedrock. However, large boulders should
be expected that will require rock excavations with large portions of the boulders being left in the
cut slope. While not expected, some bedrock could be encountered. The subsurface
explorations are limited and may not be representative of the subsurface conditions everywhere
along the proposed roadway alignment.
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If unexpected bedrock is encountered, we recommend making rock excavations at
½ Horizontal to 1 Vertical (½H:1V). Figure 12 provides preliminary recommendations for cut
slopes in bedrock (Tig). We recommend excavating using controlled blasting and pre-splitting
methods to reduce rockfall potential. Based on the seismic velocity of the rock, ripping or other
mechanical excavation techniques are not recommended.
Rock slope instability could occur along major discontinuities, such as contacts between
geologic units, faults, and shear zones, which intersect the proposed excavation slopes in
orientations that can create plane shear, wedge, and toppling failures over large portions of the
slope. Our evaluation was completed by projecting the geologic structures mapped during our
field reconnaissance onto the proposed excavation slopes. In our opinion, large, structurally
controlled failures are not likely in the proposed excavation slopes. However, discrete rock
blocks with dimensions that are less than the height of the slope likely will be present in the
proposed excavation slopes. We evaluated the stability of these potential blocks and support
requirements by performing kinematic analyses. Kinematic analyses are performed to evaluate
whether the potential rock blocks can fall out of the slope because of geometry only. Limit
equilibrium analyses are conducted to evaluate the stability of the rock blocks and to estimate
rock reinforcement requirements. Based on our analyses, we concluded that the plane shear and
wedge failure modes are not kinematically permissible if the slopes are cut at ½H:1V or
shallower. Toppling mode is kinematically permissible; however, the dominant joint sets form
roughly rectangular blocks approximately 2 feet thick, 2 feet wide, and 4 feet long, which are
unlikely to fail in the toppling mode.
Blocks with dimensions and geometries other than those assumed in our analyses are
possible in the proposed excavation slopes. It may be necessary to install rock bolts to support
these blocks. Such rock blocks would need to be identified and specific bolting patterns
designed to support them on a case by case basis as the excavation is accomplished. For cost
estimating purposes, we recommend assuming that approximately 50, 15-foot-long, No. 8,
Grade 75 steel, untensioned, grouted dowels will be required.
7.3.2

Soil Excavations

Figure 13 provides recommendations for cut slopes in soil, including alluvial deposits,
colluvium, and recessional lacustrine deposits. Cut slopes in alluvial deposits typically should be
stable when excavated at 2H:1V when unsaturated, and 3H:1V or flatter when saturated.
Raveling gravel- to boulder-sized rock fragments from the cut face should be expected.
Colluvium can be subdivided into bouldery colluvium (cobbles and boulders dominate the
matrix) and other colluvium. Excavations in bouldery colluvium should be stable when
excavated at 1.25H:1V where interstices between boulders and cobbles are filled with silt, sand,
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and gravel matrix, and where groundwater is not present. Cut slopes in other colluvium typically
should be stable when excavated at 1.5H:1V when unsaturated and 2.5H:1V when saturated.
We performed analyses to evaluate the global stability of cuts into recessional deposits.
The details of these analyses are included in Appendix F. The stability of cut slopes in
recessional lacustrine deposits depends on texture, seepage, and structure. Based on our stability
analysis results and our observations, we recommend assuming cut slopes in recessional
lacustrine deposits should be made no steeper than the adjacent, existing, stable slopes in a given
area, and not steeper than 2H:1V. We observed stable slopes ranging between 2H:1V and
3H:1V. Slopes cut at an angle of 3H:1V likely are not practicable along most of the alignment
because the site geometry would result in cuts that extend far upslope. It is our opinion that
excavations in recessional lacustrine deposits should be stabilized with retaining walls.
Retaining wall recommendations are discussed in Section 7.5.
Pockets of recessional lacustrine deposits likely will be encountered during excavation
into colluvium and alluvial fan deposits. These pockets likely are less than 5 feet thick. We
recommend excavating the pockets of recessional lacustrine deposits to reduce the potential for
future localized slumps.
Slopes cut at 2H:1V and steeper may be subject to long-term raveling, gullying, and other
erosional and weathering processes, including shallow skin slides and slumps. These
occurrences would be reduced by aggressive erosion control measures on slope faces. Erosion
control measures could include vegetating the slope or placing riprap or quarry spalls on the
slope. A mesh drape could reduce rockfall until vegetation becomes established.
7.4

Embankment Construction

The proposed fill slopes could be constructed using either unreinforced soil slopes (USSs), rock
slopes, or reinforced soil slopes (RSSs). The following sections provide recommendations for
design and construction of USSs and rock slopes. Section 7.5.2 provides recommendations for
RSSs. Figure 14 presents recommendations for embankment construction and recommended fill
slope inclinations for USSs and rock slopes.
Soil used to construct USSs should meet the requirements of Washington State Department of
Transportation (WSDOT) Standard Specification 9-03.14(3) Common Borrow. For fill slopes
constructed of Common Borrow, we recommend assuming a slope angle no steeper than 2H:1V.
For fill slopes constructed of crushed rock (greater than 4 inches in diameter), we recommend
assuming a slope angle no steeper than 1.5H:1V.
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We recommend that widening of existing slopes be performed in accordance with WSDOT
Standard Specification 2-03.3(14) (WSDOT, 2012). Sliver fill widening should be performed
using “hillside” terraces no higher than 5 feet.
7.4.1 Drainage
We recommend installing a minimum 12-inch-thick layer of Sand Drainage Blanket
(WSDOT Standard Specification 9-03.13[1]) between existing Qc (between Station 14+50 and
21+50) and Qvrl slopes and new fill embankment to reduce the potential for buildup of pore
water pressures behind the new fill. Water should be collected through outfall pipes that extend
to or beyond the slope toe. Drainage measures should be provided in front of the slope such that
water will not pond at the slope toe.
7.4.2

Slope Face Protection

New fill embankments will require protection from erosion. Means such as vegetation or
rock-faced slopes could be used to reduce the potential for erosion. Trees typically can be
planted on 2H:1V or flatter USSs. To aid vegetation establishment on slopes, consideration
could be given to blending topsoil with fill material that is placed within 12 inches of the slope
face, measured perpendicular to the slope face. Topsoil should meet WSDOT Standard
Specification 9-14.1(2) for Topsoil Type B.
The roadway embankments along portions of the alignment in the North Fork Skykomish
River 100 year floodplain or in the channel mitigation zone will likely require erosion and scour
protection measures. Erosion and scour from flooding and channel migration is not part of our
scope of services. Riprap erosion protection design should include filters to protect the subgrade
soil from internal erosion. Filters could be constructed using aggregate layers or a geotextile
filter. Shannon & Wilson has expertise in erosion and scour protection design, and would be
pleased to assist if requested.
7.5

Retaining Walls

Cut and fill retaining walls will reduce the construction footprint and related impacts along the
proposed alignment. The following sections provide geotechnical engineering recommendations
for cut and fill walls.
7.5.1

Cut Walls

The proposed alignment shows two locations with vertical cuts in soil that would require
cut walls. A proposed cut wall from Stations 35+00 to 37+50 has a maximum height of about
16 feet, and a proposed cut wall from Stations 43+50 to 44+50 has a maximum height of about
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11.5 feet. We considered two types of cut walls at these locations: soil nail walls and soldier
pile and lagging walls. The following sections present our engineering recommendations.
7.5.1.1

Soil Nail Walls

Soil nailing consists of drilling and grouting a series of steel bars or “nails”
behind the excavation surface, installing geocomposite drainage mats, and covering the face of
the soil nail reinforced soil with shotcrete. Nail spacing depends on the soil characteristics, but
typically varies between about 4 and 6 feet, measured center to center.
Soil nail walls are less commonly constructed in boulder soil deposits. Based on
our experience and discussion with local contractors, we anticipate that the bouldery colluvium
at the site will be difficult to drill through and to grout around the nails. In particular, recent
attempts to construct soil nail walls for the Interstate 90 project in bouldery colluvium were
costly. Drilling through hard boulders with intervening sections of voids or loose soil fill was
difficult. The grout takes were large and often did not end with grout refusal, that is, the grout
flowed far from the drilled hole and did not completely grout the soil nail. For these reasons, we
do not recommend constructing soil nail walls at the site.
7.5.1.2

Soldier Pile Walls

Vertical members for the soldier pile shoring system consist of steel sections
placed in predrilled holes and typically backfilled with lean mix concrete. The penetration depth
below the final excavation level should be adequate for kickout resistance. We recommend that
soldier piles penetrate at least 8 feet below the bottom of the excavation.
The bouldery colluvium at the site may present difficult drilling and grouting
conditions for small-diameter tieback anchors holes. While difficult drilling should be expected
in the boulder colluvium, we believe cantilever soldier pile walls are feasible at both cut wall
locations. We provide recommendations for soldier piles with tiebacks for Station 43+50 to
44+50 because the Qvrl soil will impose large earth pressure; however, we urge wall designers to
consider the likely difficulties of drilling and small diameter holes in bouldery colluvium, and of
grouting tieback anchors in highly pervious bouldery colluvium.
Lateral Earth Pressures
Recommended active lateral earth pressures for design of soldier pile
walls are presented in Figures 15 and 16. We do not anticipate traffic or construction loads
behind the soldier pile walls because of the existing slope angle. The wall designer should
decide whether or not surcharge loads are applicable at these locations.
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The lateral earth pressure recommended in Figures 15 and 16 are based on
the assumption of active soil conditions. For active conditions, lateral wall movements could
range from 0.10 to 0.15 percent of the excavation depth, or to approximately ½ inch for a
20-foot-deep excavation. These deflections are estimates only and are, in part, affected by the
method and care used during installation. The actual performance of the wall should be
monitored daily during construction. The top of every other soldier pile should be surveyed for
movement on a weekly basis during wall construction. If no significant movements are
observed, surveying should be reduced to once per month after the wall is completed until
contract close out.
From Station 43+50 to 44+50, the proposed cut wall will retain Qvrl
sloped at about 1.5H:1V. Landslide features are visible in the area and some landsliding
occurred near Station 46+00 during the 2006 we season. We anticipate the Qvrl soil near the
proposed roadway could become saturated during periods of heavy rain. The saturation and
resulting seepage would reduce the shear strength in the soil and add hydraulic driving force to
the soil mass. Our slope stability analyses indicate that this condition would nearly double the
earth pressures required to retain the slope.
If the earth pressures from Stations 43+50 to 44+50 result in an
impractical cantilever wall design, we recommend one of the following alternatives:


Install one row of tiebacks to reduce bending moments. Tieback installation may be
difficult.



Cut the slope back to reduce the wall height and remove the Qvrl. A cut slope would
increase the impact of construction and require tree removal.



Install subsurface drainage to prevent the Qvrl from becoming saturated. Subsurface
drainage could be accomplished with trench drains or drilled horizontal drains.
Trench drains are constructed by excavating a trench into the soil to be dewatered and
backfilling with pervious aggregate. A perforated or slotted pipe can be installed at
the bottom of the trench drain to promote drainage and to collect groundwater for
disposal. Trench drains can be constructed parallel to the fall line (finger drains) or
across the slope. Trench drains constructed across a slope typically are practical only
on gentle or slopes flatter than 3H:1V and where the excavation can be made without
destabilizing the slope during construction.
Lagging

We recommend that lagging be installed between soldier piles. Lagging
could consist of precast concrete, treated timbers, cast-in-place concrete, or shotcrete. Lagging
should be installed as the excavation proceeds and, in general, not more than 4 feet (measured
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vertically) of unsupported excavation should be exposed at any one time. The actual height of
vertical, unsupported excavation may vary depending on the soils encountered.
The Contractor should provide means, such as weep holes, to prevent the buildup
of hydrostatic pressures behind shoring walls. Voids behind the lagging should be filled with
concrete sand or locally with a weak controlled density fill.
Because of arching between soldier piles, we recommend reducing lateral earth
pressures by 50 percent for lagging design.
Tieback Anchors
The frictional resistance of an anchor depends on many factors, including
the Contractor’s method and care of installation. Consequently, the length of production anchors
should be based on a series of test anchors. The following tieback anchor design parameters are
for planning and estimating anchor lengths only:


Tieback anchors installed by hollow-stem auger methods (i.e., no pressure grouting)
would be designed for an allowable frictional value of 5,000 pounds per square foot
(psf) in dense colluvium. Anchor grout should be placed by tremie method.



Tieback anchors installed in 6- to 8-inch-diameter holes that are pressure grouted
during installation and then post grouted would have an allowable load transfer rate
of 12 kips per lineal foot.



The minimum anchor grouted length would be 15 feet.

We urge caution in planning grouted tieback anchors in the bouldery
colluvium because of the likely high permeability and expected difficulties in grouting anchors.
A specialty contractor recently reported difficulty constructing soil nails and tieback anchors in
similar soil conditions at another site.
Drainage
Drainage recommendations for soldier pile shoring walls are presented in
Figure 17. In our opinion, the care taken in construction of the weep drains at the base of the
walls is critical. A positive connection with the drainage mat must be provided and
contamination and plugging with concrete must be avoided.
7.5.2

Mechanically Stabilized Earth Walls (MSEWs) and Reinforced Soil Slopes
(RSSs)

We understand that Snohomish County has decided to use MSEWs and RSSs to support
sections of the alignment where fill slopes are impractical or undesirable due to the potentially
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large footprint. MSEWs typically are a cost-effective retaining wall alternative for fills. Some
MSEWs are proprietary walls, which are typically designed and provided by the wall
manufacturers. Some common types of proprietary MSEWs are provided by:





Hilfiker Retaining Walls;
VSL Corporation;
Reinforced Earth Company; and
Tensar.

RSSs may be appropriate where the desired fill slope face inclinations are steeper than
2H:1V, depending on foundation conditions and fill material used in the RSS. RSSs can be
constructed as steep as 0.5H:1.0V. Where fill slopes are steeper than about 40 degrees, the
geosynthetic layers may be wrapped at the slope face to retain the soil or the face can be formed
using wire baskets. Where the slope face is to be vegetated, erosion protection is placed over the
finished slope face and anchored into place.
7.5.2.1

Mechanically Stabilized Earth Walls (MSEW) and Reinforced Soil
Slopes (RSS) Descriptions

Snohomish County plans show two proposed MSEWs and four proposed RSSs
along the alignment. The soil slopes, rock slopes, MSEWs, and RSSs are summarized in
Table 1.
Based on cost and aesthetic considerations, we recommend that Snohomish
County consider using a 2H:1V slope between about Stations 40+25 and 45+00 instead of a
MSEW or RSS. This section of proposed new roadway is within 10 to 20 feet of the existing
abandoned roadway. Therefore, the amount of additional vegetated ground that would be
disturbed by placing a 2H:1V fill would be small. The environmental and visual impacts may be
lesser using 2H:1V fills than vertical MSEWs and/or steep RSS.
From Station 43+50 to 44+50, MSEW construction would impact the cut wall on the
upslope side of the roadway. The lower layers of reinforcement will need to be notched into the
existing slope. An excavation into the slope could impact the stability of the slope if it is made
before the cut wall is installed. If the cut wall is installed first, the excavation would temporarily
reduce the passive resistance mobilized by soldier piles. We recommend that any temporary
excavations be made during the dry season. The wall designer could shorten the lower
reinforcement layers to reduce the excavation necessary for wall construction. Global stability
should be reevaluated if the lower reinforcement is shortened to less than 0.7 times the wall
height.
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7.5.2.2

Reinforcement Length

We recommend a minimum reinforcement length of 0.7 times the wall height (H),
or 8 feet, whichever is greater, for the MSEWs and RSSs. The reinforcement lengths may need
to be increased to meet internal or compound stability requirements. We did not evaluate
internal and compound failure modes. These failure modes should be evaluated by the wall
designer because these failure modes depend on the particular reinforcement and soil properties
and reinforcement vertical spacing selected by the wall designer.
7.5.2.3

Embedment Depth

Where the ground surface in front of the MSEW or RSS face is near horizontal,
the base of the reinforced zone should be a minimum of 24 inches, or 10 percent of the wall or
slope height, whichever is greater, below the ground surface. If the ground surface in front of the
MSEW or RSS is sloped, the bottom of the reinforced zone should be located a minimum of
24 inches below the elevation at which there is a 4-foot horizontal distance from the wall face to
the slope face in front of the wall.
7.5.2.4

Lateral Earth Pressures

We calculated lateral earth pressures using methods specified in the American
Association of State Highway and Transportation Officials (AASHTO) Load and Resistance
Factor Design (LRFD) Bridge Design Specifications (2010). Figure 18 presents our lateral earth
pressure recommendations.
Surcharge loads such as traffic and construction equipment will induce lateral
loads on retaining walls and buried structures. Traffic surcharge loads may be estimated using a
uniform pressure of 250 psf. Construction equipment surcharge loads should also be considered.
We recommend applying a minimum construction equipment surcharge load of 600 psf.
Because construction equipment loads are unknown, we recommend stating in the contract
documents (plans or specifications) the maximum lateral loads that the structures can
accommodate.
7.5.2.5

Lateral Resistance

We expect MSE and RSS foundations will bear on colluvium, alluvium, and
alluvial fan deposits. Where recessional lacustrine deposits are encountered at MSE and RSS
foundation elevation, we recommend that a minimum of 3 inches of reinforced zone backfill be
placed over the foundation soils below the lowest reinforcement layer. To evaluate sliding
resistance, we recommend assuming a friction angle equal to 34 degrees for colluvium, alluvium,
and alluvial fan deposits and a friction angle of 30 degrees for recessional lacustrine deposits.
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The coefficient of sliding friction for MSEW and RSS design depends on the type of
reinforcement at the base of the wall. If continuous reinforcement (e.g., grids, fabrics, or sheets)
is used, we recommend reducing the friction angle by one third. We recommend applying a
resistance factor of 1.0 for Strength Limit and Extreme Event Limit State design.
7.5.2.6

Bearing Resistance

We calculated bearing capacity using the methods described in AASHTO (2010)
with a minimum embedment depth of 2 feet. Figure 18 presents our bearing capacity
recommendations.
7.5.2.7

Settlement

We estimated settlement beneath the proposed MSEWs and RSSs using elastic
theory. We used the approximate dimensions of the proposed finished grade as shown in the
preliminary plans and the subsurface conditions encountered in the field explorations. We
estimated soil settlement parameters based on published correlations to penetration test data and
our experience in similar soils.
Based on our settlement calculations, we estimate that the MSEWs and RSSs
could settle about 1 inch under the proposed wall and slope heights. Most settlement should
occur as the fill is placed. The differential settlement would be about ½ to 1 inch over a 20-foot
span. Our estimates assume that the wall subgrades are prepared in accordance with our
recommendations in Section 8.18.2.
7.5.2.8

Global Stability

We evaluated the global stability of the proposed MSEWs under static loads and
flooded conditions. Our analysis methodology and results are presented in Appendix F.
Our analysis results show that the critical failure surface FS values meet the
WSDOT Geotechnical Design Manual (GDM) (2012) guidelines for static and seismic loading.
7.5.2.9

Mechanically Stabilized Earth Walls (MSEWs) and Reinforced
Soil Slopes (RSS) Drainage

A surface seal such as pavement or an 8-inch-thick layer of low-permeability soil
should be provided on the top of the embankment fill to reduce infiltration and groundwater
buildup in and behind the MSEWs. Surface water should be captured in a drainage swale or
catch basins and drain pipes. The ground surface in front of walls should be sloped such that
water is diverted away from the wall toe. The ground surface above walls should be shaped to
divert water away from the wall.
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Based on our field observations and measurements, we anticipate groundwater
may be encountered in the hillside during wet periods of the year. Our analyses assume that
groundwater would be below the base of MSEWs and RSSs. To achieve and maintain this
drainage condition, drainage measures presented in Figure 19 should be implemented. These
recommendations include placement of a drainage blanket below the reinforced zone,
construction of a chimney drain (inclined or vertical) behind the reinforced zone, and installation
of underdrain pipe to remove collected water. The drainage blanket and chimney drain could be
eliminated if reinforced zone backfill has less than 3 percent fines (percent of particles by weight
passing the US Standard No. 200 sieve) and consists of soil meeting WSDOT Standard
Specification Section 9-03.13(1) requirements for Gravel Borrow. Underdrain pipes should
discharge water to a storm drain or other appropriate discharge location away from the
embankment.
If seeps are encountered during terracing of slopes for fill placement,
supplemental drainage measures should be implemented in accordance with WSDOT Standard
Specification Section 2-03.3(14). These drainage measures may include installing a minimum
8-inch-thick layer of Sand Drainage Blanket material meeting WSDOT Standard Specification
Section 9-03.13(1).
7.6

Bridge Abutment Foundations

The proposed alignment crosses a topographic low spot from about Stations 54+00 to 57+00.
Snohomish County proposes to construct a bridge to reduce environmental impacts. Based on
discussions with Snohomish County, we understand the bridge will be approximately 200 feet
long with maximum spans of 64 feet. Based on boring SW-B-10L, we have assumed the soil
profile in this area consists of soft marsh deposits (Qm) overlying medium dense alluvium (Qal).
Dense to very dense colluvium (Qc) was encountered at about 20 feet below existing grades and
consisted primarily of boulders. The thickness of the Qm and Qal is variable with the depth to
the Qc decreasing to the south at the bridge location.
The proposed bridge will span an area that is seasonally flooded. While groundwater was not
observed during drilling, we recommend assuming groundwater will be near the ground surface.
We understand that unfactored loads on the abutments and piers for a 64-foot span could be up to
375 kips dead load and 165 kips live load. Using AASHTO 2012 LRFD code, the factored load
for this condition would be about 750 kips per structure. Based on our site visits, borings, and
analyses, it is our opinion that the bridge foundation loads could be supported using either
shallow or deep foundations.
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7.6.1

Shallow Footing Foundations

Based on the subsurface conditions encountered in boring SW-B-10L, it is our opinion
that the bridge foundations could be supported on conventional spread footings bearing in dense
undisturbed Qal soil or densely compacted structural fill placed directly onto undisturbed Qal.
Shallow foundations should not bear on marsh soil (Qm) containing silt, abundant organics, or
roots. Bearing capacity analyses were performed using an in-house (Shannon & Wilson)
spreadsheet for the bearing soils. The spreadsheet follows guidelines presented in the AASHTO
LRFD Bridge Design Specifications in accordance with the GDM and the results are presented in
Figure 20.
Minimum footing widths should be at least 5 feet for spread footings with and L/B ratio
greater than 5 and 4 feet wide if L/B is less than 5. We recommend footings bear at least 7.0 feet
below the lowest adjacent grade or deeper, if necessary, to reach undisturbed Qal soils. The
minimum embedment depth is necessary to achieve bearing capacity and reduce potential
settlements. Foundations bearing in undisturbed Qal and designed as recommended could
achieve a factored bearing pressure of up to 8,000 psf. Where densely compacted structural fill
is placed over native, dense recessional outwash, a factored bearing pressure of 4,000 psf could
be achieved.
After the subgrade has been exposed a “rat slab” of at least 200 psi controlled density fill
or structural concrete could be poured to prevent disturbance. Groundwater should be expected
near the ground surface at the bridge foundations locations. In our opinion, the use of spread
footings depends on the Contractor’s ability to properly dewater and shore the area to construct
the footings. Construction during dry weather months is highly recommended.
7.6.1.1

Base Footing Friction

We recommend that a nominal coefficient of friction of 0.62 be used between
foundation cast-in-place concrete and undisturbed Qal soil. A coefficient of friction of
0.7 should be used for footings bearing on compacted structural fill. A resistance factor of
0.8 should be applied to these values. We recommend passive resistance from the Qm soils be
ignored in the sliding analysis.
7.6.1.2

Estimated Settlement

We estimate total settlement would be less than 1 inch with less than ½ inch
differential settlement between adjacent bridge support elements, provided footings are designed
and constructed in accordance with our recommendations. These settlements are expected to
occur essentially as the structural loads are applied due to the granular nature of the soil.
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7.6.2 Deep Foundations
If construction of the shallow spread footings is not practical, deep foundations could be
used to transfer the bridge loads to the dense Qc soil below the Qal and Qm deposits. In our
opinion, deep foundation construction at the bridge location will encounter boulders, shallow
groundwater, and flowing ground in the saturated Qal and Qc soils. Therefore, hard pile driving
conditions, or difficult drilled or augered shafts should be expected.
In our opinion, driven H-piles could be practical for hard driving conditions anticipated.
In addition they can be tested using Goble Pile-Driving Analyzer (PDA) and performing CAse
Pile Wave Analysis Program (CAPWAP) to verify the in situ axial capacity. Drilled shafts
would likely require the use of an oscillator. For relatively few shafts we anticipate the cost of
using an oscillator may be prohibitive. If for environmental or other reasons drilled shafts are
determined to be an appropriate method, we can provide geotechnical and construction
recommendations as requested.
7.6.2.1

H-Pile Axial Capacity

Axial capacity plots for HP12x84 and HP14x117 H-piles are provided as
Figures 21 and 22. These plots were developed using an in-house program developed for use on
WSDOT projects, and uses our experience with projects with similar subsurface conditions and
the 2012 AASHTO LRFD Bridge Design Manual. These capacities are based on the soil
parameters and not parameters for boulders. Axial capacity may be controlled by the structural
capacity of the pile itself if boulders are encountered during driving and the refusal criterion is
passed as a result. Potentially liquefiable soils are present at the abutment locations (Qm soils
when saturated). In our opinion the potential downdrag loads from the Qm soils are minor and
should not be included in the H-pile design.
7.6.2.2

H-Pile Lateral Capacity Parameters

We understand that the design team may perform the lateral resistance analyses of
deep foundation systems using the computer program LPILE 6 (Ensoft, Inc., 2012).
We developed soil parameters for use in these programs, if required. They are
summarized in Table 2. Soil liquefaction could occur in this location in the upper 5 to 10 feet in
the Qm soils when water is present.
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7.6.2.3

Settlement

Axial resistances for the service limit state correspond to settlements of ½ or
1 inch on our capacity plots in Figures 21 and 22. This is based on the assumption that the piles
are spaced at least three diameters center-to-center and groups effects are not present.
7.7

Reuse of On-site Soil and Rock

Much of the soil within the project area should be suitable for reuse, with the exception of
lacustrine and some marsh and fine-grained alluvial fan deposits. The silt and clay present in
these units are moisture sensitive and would be difficult or impractical to compact if wet or
during wet weather. Excavation spoils produced from Qal, Qtal, Qaf, and portions of Qc
(between Stations 14+50 and 49+00) along the roadway alignment should be suitable for reuse.
Reuse of excavation spoils as embankment fill material will likely require an on-site crusher and
separator to process soil with cobbles and boulders that are larger than 6 inches. Larger boulders
will require blasting before they can be crushed. Many of the soil units in the project area can
contain abundant organic matter, including logs. Organic matter will need to be separated from
the soil before reuse. Moisture conditioning will be required for reuse of excavation spoils if the
natural moisture content is above optimum.
The on-site bedrock is high-quality rock that can be reused on site. Excavated rock can be
reused as riprap, for rock embankments, or as quarry spalls. Excavated rock will require blasting
and/or rock splitting to create appropriately sized material for its intended use.
7.8

Pavement Design

For pavement design, we used the AASHTO method for flexible pavement design
(AASHTO, 1993). The AASHTO method conforms to WSDOT requirements (WSDOT, 2012).
The AASHTO design method is an empirical design based on actual performance testing that
considers the strength of materials and traffic stresses in each layer of the pavement cross section
as well as the strength of the subgrade below the pavement. We understand the non-arterial rural
road will be paved with hot mix asphalt (HMA) flexible pavement.
7.8.1

Subgrade Condition

The subsurface soil conditions present below the road should consist of structural fill
compacted to 95 percent of maximum dry density or suitable native soils prepared in accordance
with Section 7.8.5 of this report. In accordance with the WSDOT Pavement Guide (WSDOT,
2011), we recommend assuming an “average” subgrade condition and using a Resilient Modulus
MR = 10,000 psi.
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7.8.2 Design Traffic
Vehicle usage was estimated based on traffic data provided by Snohomish County. The
vehicle types were assumed to consist of personal occupancy vehicles and logging trucks, with
10 logging trucks per day using the road each way. A load equivalency factor of 2.41 was
calculated for the logging trucks using the AASHTO 1993 load equivalency factor equations.
For HMA pavement we assumed a 20-year design life with 1 percent growth per year. A total
design equivalent single-axle load value of 210,000 was calculated.
7.8.3 Hot-mix Asphalt (HMA) Pavement Design Recommendations
Standard HMA pavement sections usually consist of HMA, a crushed surfacing top
course (CSTC), crushed surfacing base course (CSBC) and subgrade. In some pavement design,
only CSTC or CSBC is used. Table 3, Input Data for Hot-mix Asphalt Pavement Analysis,
presents our assumptions for designing HMA pavement in accordance with the 1993 AASHTO
Flexible Pavement Guide.
Based on our analysis of the design input parameters presented in Table 3, we
recommend the following pavement section:
HMA thickness:
CSBC thickness:

4 inches
6 inches

Our recommended pavement section is based on the subsurface conditions at the project
site and traffic data provided by Snohomish County, and should be considered a site-specific
design. The Snohomish County standard detail for typical non-arterial roads, 3-040, shows a
road section of 3 inches of Class ½-inch HMA over either 3 inches of Class 1-inch HMA or
asphalt-treated base (ATB). In our opinion, Snohomish County standard detail for pavement
sections may be used, provided the pavement section with class 1-inch asphalt is used instead of
the pavement section with ATB. Using the standard detail with Class 1-inch HMA should
provide a longer service life than our recommended pavement section; however, if the standard
detail is used with ATB, the service life will likely be shorter than our recommended section.
7.8.4

Pavement Materials and Construction Considerations

HMA pavement should be constructed in accordance with WSDOT, Standard
Specifications for Road, Bridge, and Municipal Construction (WSDOT, 2012). HMA should
conform to Sections 5-04 in the WSDOT Standard Specifications.
Aggregates for HMA should meet the requirements of WSDOT Standard Specifications
Section 9-03.8. Aggregates for CSTC and CSBC should meet the requirements of WSDOT
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Standard Specifications Section 9-03.9(3). The CSTC and CSBC should be compacted to at
least 95 percent of the Modified Proctor maximum dry density (ASTM International [ASTM]
D 1557).
7.8.5

Subgrade Preparation

Prior to placing the CSTC or CSBC, topsoil and deleterious materials should be removed.
The subgrade should be graded to its design grade, smoothed, and compacted to a firm and
unyielding condition. The subgrade and base course should be proof rolled with a loaded dump
truck (or equivalent) to check for yielding conditions. Any yielding areas should be replaced
with CSBC compacted as described in Section 7.8.4.
7.8.6

Frost Conditions

Frost-susceptible soil is generally regarded as having greater than 3 percent finer than
0.02 millimeter (mm). Soil with a fines content not exceeding 7 percent passing the No. 200
sieve, based on the minus ¾-inch fraction, can normally be expected to have 3 percent or less
finer than 0.02 mm. Based on the grain size analyses presented in Appendix A and soil
classification presented in the logs, in our opinion, most of the near-surface fill soils could be
considered non-frost-susceptible. Based on information provided in the WSDOT Pavement
Guide, we recommend assuming the frost depth would be about 20 inches. WSDOT
recommends that the total pavement section be at least 50 percent of the frost depth. In our
opinion, the recommended pavement sections should provide adequate protection against
potential frost heave damage.
7.8.7

Utility Considerations Under Pavement

All utility trenches should be backfilled with clean granular material such as sand, sand
and gravel, or crushed rock with a maximum 2-inch diameter and with not more than 5 percent
passing the No. 200 sieve (wet sieve analysis, ASTM D 1140). Any fines should be nonplastic.
The backfill should be placed in lifts not exceeding 4 inches if compacted with hand-operated
equipment or 8 inches if compacted with heavy equipment. Each lift should be compacted to a
dense, unyielding condition and to at least 92 percent of the maximum dry density (ASTM
D 1557) 18 inches or more below the pavement subgrade, and 95 percent within 18 inches of the
pavement subgrade. We recommend a minimum cover over utilities of 2 feet from the crown of
the pipes or conduits to the top of the pavement subgrade. This could vary depending on the
utility type, size, and depth and should be evaluated by the design engineers. Catch basins,
utility vaults, and other structures installed flush with the pavement should be designed and
constructed to transfer wheel loads to the base of the structure.
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7.9

Seismic Design Parameters

AASHTO (2010) specifies a ground motion return period of approximately 1,000 years to
evaluate the earthquake ground motion hazard level for new road construction. New retaining
walls should be designed to meet seismic global stability criteria; however, RSSs and USSs
typically do not need to meet seismic global stability criteria.
We evaluated the site class using the compression wave velocity measurements from the seismic
refraction. Where Qvrl, Qal, and Qc are present over Tig, the subsurface conditions are best
characterized as Site Class C. Based on current cross sections and layout, it is our opinion that
this site class is appropriate for design of the alignment. The recommended ground motion
parameters, including site class, are given in Table 4.
8.0 CONSTRUCTION CONSIDERATIONS
8.1

General

The applicability of the design recommendations in this report is contingent upon good
construction practice. Poor construction techniques and methods may alter conditions from
those upon which our recommendations are based. The following sections discuss some
construction considerations for the proposed fills, cuts and bridge foundations.
8.2

Site Preparation and Grading

We recommend the following steps for preparing the footprints of the proposed roadway,
embankments, walls, and bridge footings:


Clear trees and brush;



Remove roots, stumps, concrete, asphalt, and other debris;



Strip organic and loose material;



Drain ponded water from the area;



Excavate to the desired grades; and



Compact/proof roll the exposed subgrade surface as needed to a dense and unyielding
condition.

Areas that are wet, soft, loose, or yielding when proof rolled or during compaction should be
further compacted, removed and reconditioned, or replaced with compacted structural fill so that
a dense and unyielding condition is achieved. Subgrade preparation should extend at least 3 feet
beyond the toe of new embankments and fill walls.
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We recommend that the geotechnical engineer-of-record’s representative be on site to observe
the exposed subgrade during site preparation and grading, and to observe and test fill placement
and compaction.
8.3

Soil Excavations

Conventional earthwork equipment such as dozers, rubber-tired backhoes, and track-mounted
excavators will likely be able to excavate the soil that will be encountered during construction.
Scrapers may not be practical because of the frequent boulders that likely are present.
Excavations that encounter large boulders will likely require a combination of drilling and
blasting of the large, granodiorite boulders and use of conventional excavating equipment to
excavate the soil matrix material.
Temporary open-cut excavations will likely be used to construct the MSEWs and RSS. The
stability and safety of the slopes will depend on careful evaluation of the following factors:
(a) the amount of groundwater seepage, (b) the soils exposed in the excavation slope, (c) the
depth of the excavation, (d) surcharge loads at the top of the excavation, (e) the geometry of the
excavation, and (f) the time of construction. For safe working conditions and prevention of
ground loss, excavation slopes should be the responsibility of the Contractor, who will be at the
job site to observe and control the work. All current and applicable safety regulations regarding
excavation slopes and shoring should be followed.
All traffic and/or construction equipment loads should be set back from the edge of the cut slopes
a minimum of 5 feet. Excavated material, stockpiles of construction materials, and equipment
should not be placed closer to the edge of any excavation than the depth of the excavation, unless
the excavation is shored and such materials are accounted for as a surcharge load on the shoring
system
8.4

Shallow Footing Foundations

The recommended bearing capacities presented in this report require careful preparation of the
footing subgrade. Footing excavations should be cleaned of loose soil, leveled, and protected
from water. If groundwater is encountered above the level of the proposed footings, temporary
dewatering will be required to properly prepare footings. We recommend that temporary
dewatering maintain the groundwater at least 2 feet below the level of the footing subgrade
during construction.
The soils at the site may contain sufficient fines to become soft and unstable when subjected to
water and disturbance (from equipment or foot traffic). Because the construction will be under
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wet conditions, we recommend that the prepared footing subgrade be protected by placing a thin,
lean concrete “rat slab” immediately after excavation is completed.
Each footing subgrade on the project should be evaluated by the geotechnical engineer-of-record
or their representative to confirm suitable bearing conditions and to determine that all loose
materials have been removed. The footing evaluation should be performed prior to placing the
rat slab, if used.
8.5

Structural Fill

All fill soil placed beneath areas where settlements are to be minimized should be structural fill.
Structural fill soil should consist of a well-graded mixture of sand and gravel, free of organics,
debris, and rubbish. If imported, it should contain not more than 15 percent fines (material
passing the U.S. Standard No. 200 mesh sieve, based on the minus ¾-inch fraction); the fines
should be nonplastic; and the moisture content of the soil should be within ±2 percent of its
optimum. The gravel content should range between 25 and 50 percent retained on a No. 4 sieve.
Imported structural fill should be at a moisture content near optimum to allow proper
compaction. All structural fill should have a maximum particle size of 3 inches.
Structural fill should be placed in uniform lifts and compacted to a dense and unyielding
condition, to at least 95 percent of the Modified Proctor maximum dry density (ASTM D 1557).
In areas adjacent to walls, the thickness of loose lifts should not exceed 12 inches for heavy
equipment compactors or 6 inches for hand-operated mechanical compactors. In areas where
some settlement could be tolerated, such as landscaped areas, the density requirement for fill
could be reduced to 90 percent of the Modified Proctor maximum dry density.
8.6

Mechanically Stabilized Earth (MSE) Wall Backfill

We recommend that all backfill material used in the reinforced soil zone of an MSE wall be free
draining and free from organic and other deleterious material. The material should also be
substantially free of shale or other soft, poor-durability particles, and should not contain recycled
materials such as glass, shredded tires, Portland cement concrete rubble, or asphaltic concrete
rubble. Backfill in the reinforced zone of MSE walls should consist of WSDOT gravel borrow
with the gradation criteria provided in Section 9-03.14(1) of the WSDOT Standard
Specifications.
8.7

Tieback Installation and Testing

Tieback anchor holes should be drilled in a manner that will minimize ground loss and not
endanger previously installed anchors or undermine existing pavement. The Contractor should
be prepared to drill through and install anchors in gravelly sand, which will likely contain
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cobbles and boulders. In the bouldery colluvium, the Contractor should expect to encounter
zones where drilling fluid circulation will be lost and that are not practical to completely grout.
Different drilling techniques such as casing may be required where caving conditions are
encountered and for tiebacks located below groundwater.
In the anchor no-load zone, tieback holes should be filled with a material such as a sand pozzolan
mixture that will not adhere to the tieback rod and will prevent caving. We recommend that noload zone lengths not be left open overnight. Alternatively, a bond breaker can be used around
the tiebacks in the no-load zone, and the zone can be filled with concrete or lean concrete
backfill. However, a minimum 12-inch buffer zone of sand or other compressible material is
required directly behind the soldier pile. Permanent tiebacks should be protected from corrosion
in accordance with the WSDOT GDM (WSDOT, 2012).
All permanent anchors should be proof tested in 25 percent (0.25 factored design load [FDL])
increments to 100 percent of their factored design load (1.0FDL). Each load increment should
be held until the deformation stabilizes (normally 1 minute) and the load and corresponding
deformation are recorded. After reaching 1.0FDL, the load should be held for at least 10 minutes
to evaluate creep and then be reduced to the lock-off load.
Prior to installing production anchors within a particular soil stratum, performance tests should
be accomplished for each anchor type and/or installation method that will be used. The number
of tendons in the selected anchors should be increased as required to complete the performance
tests. Approximately 3 to 5 percent of permanent production anchors, randomly selected, should
be performance tested by loading in 25 percent (0.25FDL) increments to 150 percent of the
factored design load (1.50FDL). The 150 percent load should be held constant for a minimum of
at least 60 minutes.
To provide some wall flexibility, we recommend that all permanent anchors be locked off at
60 to 70 percent of the FDL. Anchors that do not meet the testing acceptance criteria should be
locked off at 50 percent of the failure load and replaced with additional anchors, as required.
Load testing and acceptance criteria for all permanent tieback anchors should be as
recommended by the PTI Manual, Recommendations for Pre-Stressed Rock and Soil Anchors.
As described above in the manual, the following tests should be accomplished.


Initial Lift-off Readings: After transferring the load to the stress anchorage and
prior to removing the jack, a lift-off reading should be made on select tieback
anchors. The load determined from the lift-off reading should be within 5 percent of
the lock-off load, the end anchorage should be reset, and another lift-off reading
should be made.
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Lift-off Test: Lift-off tests may be conducted on selected anchors, both during and
after construction, to check the magnitude of seating and transfer load losses and to
determine if long-term losses are occurring.



Acceptance Criteria: The results of each anchor test should be evaluated to
determine anchor acceptability. An anchor would be acceptable provided:
— The total movement obtained from performance and proof tests exceeds 80
percent of the theoretical elastic elongation of the design free-stressing length.
— The creep rate during the final test load does not exceed 0.08 inch per log cycle of
time and is a linear or decreasing creep rate, regardless of tendon length and load.
Otherwise, the anchor should be held for an additional 60 minutes at the required
test load.

8.8

Deep Foundation Construction

For this report, we assumed that deep foundations would consist of steel H-piles. We can
provide recommendations for drill shafts if they are considered.
8.8.1

Pile-driving Equipment

Fixed-lead pile-driving equipment is recommended to drive the steel piles. The use of
hanging or swinging leads is not recommended, unless they are constructed so that they can be
held in a fixed position during driving operations. Leads should be of sufficient length so that
the use of followers will not be necessary.
An air-, steam-, or diesel-powered hammer may be used for driving the proposed piles.
All pile-driving equipment should be designed, constructed, and maintained in a manner suitable
for the work to be accomplished for this project. If, in the opinion of the Engineer, the driving
equipment is inadequate or deficient, the Engineer may direct that it be removed from the job
site. All costs for re-mobilizing, removing, or replacing such equipment should be at the
Contractor’s expense. The Contractor should furnish the manufacturer’s specifications and
catalog for the hammer proposed.
8.8.2 Driving Conditions
We anticipate pile driving may encounter hard driving conditions because of the dense
conditions and boulders and cobbles encountered in boring B-10-L. A high strength “spud” pile
or overdrilling methods could be utilized to penetrate dense boulder stratum. H-piles should be
reinforced with high-strength steel tips and hard facing.
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8.8.3

Wave Equation Analysis

To establish the driving criteria for production piles, we recommend WEAP be
performed utilizing data for the actual hammer/pile combination to be used in installing the
production piles. We also recommend that dynamic testing be performed on at least one
production pile of each bridge pier, to verify the recommended driving criteria and to alter the
pile installation techniques or the driving criteria, if necessary. We recommend that the dynamic
testing consist of taking dynamic measurements using the PDA and CAPWAP analyses.
8.8.4

Monitoring Pile-driving

All pile driving should be monitored by taking a continuous driving record of each pile.
For this purpose, the Contractor should be required to mark the pile in 1-foot increments. During
redrive, additional 1-inch increments between the 1-foot marks would be required.
The pile-driving record should be complete. The form should have spaces to record
hammer stroke (diesel hammers), blows per foot, time, date, reasons for delays, and other
pertinent information. In addition, the record should include tip elevation, driving criteria, and
initials of inspectors making final acceptance of the pile. The pile-driving records should be
reviewed on a daily basis. For this purpose, we recommend that the geotechnical engineer-ofrecord’s representative observe the pile construction.
All driven piles should be checked for possible heave prior to cutoff. The heave should
be checked by surveying the elevation of each pile butt after a pile is driven within the group.
The heave data should be provided to the Owner and Engineer to determine if redrive will be
required. In general, if the heave is greater than 0.15 to 0.25 inch, the pile should be redriven to
the original cutoff or tip elevation.
In the past, it has often been difficult to estimate the energy delivered by diesel hammers.
The Saximeter, developed by Pile Dynamic, Inc., can be used to record hammer strokes and
provide an estimate of the driving energy of diesel hammers. If the Contractor selects a diesel
hammer, we recommend that a Saximeter be used during pile driving.
8.9

Wet Weather and Wet Condition Considerations

In the Puget Sound region, wet weather generally begins about mid-October and continues
through about May, although rainy periods could occur at any time of year. Thus, it would be
advisable to schedule earthwork during the dryer weather months of June through September.
Most of the soil at the site likely contains sufficient fines to produce an unstable mixture when
wet. Such soil is highly susceptible to changes in water content and tends to become unstable
and difficult or impossible to proof roll and compact if the moisture content significantly exceeds
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the optimum. In addition, during wet weather months, the groundwater levels could increase,
resulting in seepage into site excavations. Performing earthwork during dry weather would
reduce these problems and costs associated with rainwater, transportation, and handling of wet
soil. However, should wet weather/wet condition earthwork be unavoidable, the following
recommendations are provided:


The ground surface in and surrounding the construction area should be sloped as
much as possible and sealed with a smooth-drum roller to promote runoff of
precipitation away from work areas and to prevent ponding of water.



Work areas or slopes should be covered with plastic. The use of sloping, ditching,
sumps, dewatering, and other measures should be employed as necessary to permit
proper completion of the work.



Earthwork should be accomplished in small sections to minimize exposure to wet
conditions. That is, each section should be small enough so that the removal of
unsuitable soils and placement and compaction of clean structural fill could be
accomplished on the same day. The size of construction equipment may have to be
limited to prevent soil disturbance. It may be necessary to excavate soils with a
backhoe, or equivalent, and locate them so that equipment does not pass over the
excavated area. Thus, subgrade disturbance caused by equipment traffic would be
minimized.



Fill material used during wet weather or in wet conditions should consist of clean,
well-graded, pit-run sand and gravel of which not more than 5 percent fines by dry
weight passes the No. 200 mesh sieve based on wet-sieving the fraction passing the
¾-inch mesh sieve. The gravel content should range from between 20 and 50 percent
retained on a No. 4 mesh sieve. The fines should be nonplastic.



No soil should be left uncompacted and exposed to moisture. A smooth-drum
vibratory roller, or equivalent, should roll the surface to seal out as much water as
possible.



In-place soil or fill soil that becomes wet and unstable and/or too wet to suitably
compact should be removed and replaced with clean, granular soil (see gradation
requirements above).



Excavation and placement of structural fill material should be observed on a full-time
basis by the geotechnical engineer-of-record or their representative to evaluate that
the work is being accomplished in accordance with the project specifications and our
recommendations.



Grading and earthwork should not be accomplished during periods of heavy,
continuous rainfall.

The above recommendations apply for all weather conditions, but are most important for wet
weather earthwork. They should be incorporated into the contract specifications for foundation
and pavement construction.
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9.0 ADDITIONAL SERVICES
We recommend that Shannon & Wilson, Inc. be retained to review those portions of the plans
and specifications pertaining to earthwork and foundations to evaluate whether they are
consistent with our recommendations contained in this report. We recommend that Shannon &
Wilson, Inc. be retained to observe the geotechnical aspects of construction because they should
be observed by the geotechnical engineer-of-record who is familiar with the geotechnical design
and the subsurface conditions at the project site. This observation would allow us to evaluate the
subsurface conditions as they are exposed during construction, and to verify that the work is
accomplished in accordance with good construction practice and in accordance with our
recommendations. Our services should include observing earthwork construction, foundation
installation, placement and compaction of structural fill, preparation of retaining structure
subgrade and drainage layout, and accomplishing other geotechnically related earthwork
activities.
10.0 LIMITATIONS
Within the limitations of the scope, schedule, and budget, the analyses, conclusions, and
recommendations presented in this report were prepared in accordance with generally accepted
professional geotechnical engineering principles and practices at the report was produced. We
make no other warranty, either express or implied.
The analyses, conclusions, and recommendations contained in this report are based on our
understanding of the project, as described in the report and site conditions as they existed at the
time our reconnaissance and explorations were performed.
If, during construction, subsurface conditions different from those encountered in the
explorations are observed or appear to be present, we should be advised at once so that we can
review these conditions and reconsider our recommendations where necessary. If conditions
have changed due to construction operations at or adjacent to the site, we recommend that the
report be reviewed to determine the applicability of the conclusions and recommendations
considering the changed conditions.
This report was prepared for the exclusive use of Snohomish County for final design of the Index
Galena Road Flood Repairs project. It only should be relied on for information based on factual
data, such as those interpreted from the exploration logs and discussion of subsurface conditions
included in the report. Unanticipated soil conditions are commonly encountered and cannot be
fully determined by merely taking soil samples from explorations. Such unexpected conditions
frequently require that additional expenditures be made to attain properly constructed projects.
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Type
Fill Slope
Cut Slope
Rock Fill Slope
Cut Slope
Fill Slope
Rock Fill Slope
Cut Slope
Rock Fill Slope
RSS
Cut Slope
Rock Fill Slope
Armored Crossing
Rock Fill Slope
Cut Wall
Fill Slope
Fill Slope
MSE Wall
RSS
MSE Wall
Cut Wall
Fill Wall
Cut Wall
Cut Slope
RSS
Fill Slope
Fill Slope
RSS
Debris Berm
Bridge

21-1-21116-031-R2 T1.xlsx

USS = Unreinforced Soil Slope

RSS = Reinforced Soil Slope

MSE = mechanically stabilized earth

H:V = horizontal to vertical

ft = foot

Notes:

Cut/Fill
F
C
F
C
F
F
C
F
F
C
F
F
C
F
F
F
F
F
C
F
C
C
F
F
F
F
F
-

Start
10+00
10+00
12+75
12+75
13+75
14+50
16+25
22+00
23+00
28+00
28+25
28+30
30+50
35+00
35+50
37+50
40+25
42+25
43+25
43+50
44+50
47+50
48+00
48+00
49+00
50+00
52+25
53+50
54+25

Stop
12+75
12+75
14+50
13+75
16+25
16+75
25+00
23+00
28+25
35+00
28+75
29+30
32+75
37+50
40+25
43+50
42+25
43+25
48+00
44+50
46+50
48+00
49+50
49+00
52+25
53+50
54+25
54+25
56+25

STATION
Length
(ft)
275
275
175
100
250
225
875
100
525
700
50
100
225
250
475
600
200
100
475
100
200
50
150
100
325
350
200
75
200
Side
L
R
L
R
R
L
R
L
L
R
L
L
R
L
R
L
L
L
R
R
R
R
L
L
R
L
R
-

Maximum
Vertical
Height
(ft)
8
15
6
12
8
32
30
10
24
40
20
30
16
40
12
30
30
18
10
8
8
20
10
20
20
28
18
Maximum
Height
Station
12+75
10+50
13+00
13+25
15+25
16+50
20+50
23+00
26+25
29+75
28+50
31+00
35+25
37+50
40+50
40+50
43+00
43+50
44+00
45+00
48+00
28+50
48+00
52+00
54+50
53+25
54+25
Slope
Angle
2H:1V
2H:1V
1.5H:1V
1.5:1V
1H:1V
1.5H:1V
1.25H:1V
1.5H:1V
0.5H:1V
1.25H:1V
1.5H:1V
1.5H:1V
1H:1V
2H:1V
0.5H:1V
1.25H:1V
0.5H:1V
1.5H:1V
1.5H:1V
0.5H:1V
1.5H:1V
Recommendations

Recommend convert to armored 1H:1V slope as part of debris training berm.

Could use RSS if smaller footprint desired.

Recommend convert to MSE for consistent construction.

Recommend convert to 2H:1V USS.
Recommend convert to 1.25H:1V cut slope.

Recommend considering 2H:1V USS or 1.5H:1V rock fill.
Recommend convert to MSE for consistent construction or USS/rock fill.
Recommend considering 2H:1V USS or 1.5H:1V rock fill between Stations 43+25 and 45+00.

Recommend either 1.5H:1V rock fill or 0.5H:1V RSS.

Recommend convert to 0.5H:1V RSS.
Recommend centering armored crossing on channel thalweg (Station approximately 28+85).
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Recommend convert to 2H:1V USS.
Recommend convert to 2H:1V cut slope.
Recommend convert to 2H:1V USS.
Recommend convert to 0.5H:1V RSS or MSE wall to avoid high slope. Maximum MSE height about 12 feet.

TABLE 1
INDEX GALENA ROAD
RETAINING WALLS AND SLOPES SUMMARY

SHANNON & WILSON, INC.

-7
-16.5
-19.5
-40

0
-7
-16.5
-19.5
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Notes:
pcf = pounds per cubic foot
pci = pounds per cubic inch

Station 54+00,
from boring
B-10-L

/RFDWLRQ

%RWWRP
(OHYDWLRQ
IHHW 

7RS
(OHYDWLRQ
IHHW 

Qc

Qal

Qal

Qm

6RLO
7\SH
105
120
125
135

API Sand
(O'Neill)
API Sand
(O'Neill)
API Sand
(O'Neill)
API Sand
(O'Neill)

6RLO
0RGHO

7RWDO
8QLW
:HLJKW
Ȗ
SFI 

73

63

58

43

(IIHFWLYH
8QLW
:HLJKW
Ȗ
SFI 

7$%/(
/3,/(3$5$0(7(56

40

34

34

28

40

34

34

28

6WDWLF 6HLVPLF

)ULFWLRQ$QJOH
ĳ
GHJUHHV 

90

45

45

20
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90

45

45

20

6WDWLF /LTXHILHG

0RGXOXVRI
6XEJUDGH
5HDFWLRQN
 SFL 

7$%/(
,1387'$7$)25+270,;
3$9(0(17$1$/<6,6
3DUDPHWHU
Design life (years)
Design traffic load (ESALs)

9DOXH
20
210,000

Reliability, R (%)

85

Overall standard deviation, So

0.5

'PSI

1.5

Subgrade resilient modulus, MR [ksi]

10

Asphalt layer coefficient, a

0.44

Base course layer coefficient, a2

0.13

Base course drainage coefficient, m2

1.0

Base course resilient modulus, Base MR [ksi]

28

Notes:
ESALs = equivalent single axle loads
ksi = kips per square inch
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7$%/(
5(&200(1'('6(,60,&'(6,*1&5,7(5,$
6HLVPLF3DUDPHWHUV
Site Class
Amplification Factor (FPGA)

\HDU5HWXUQ3HULRG
C
1.10

Peak Bedrock Acceleration (PBA)

0.30 g

Acceleration Coefficient (As)

0.33 g

Short-period Spectral Acceleration, Ss

0.68 g

Long-period Spectral Acceleration, S1

0.22 g

Site Factor, Fa

1.13

Site Factor, Fv

1.58

Short-period Design Spectral Acceleration, SDS

0.77 g

Long-period Design Spectral Acceleration, SD1

0.35 g

T0

0.09 sec

TS

0.45 sec

Notes:
g = acceleration due to gravity
sec = seconds
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4.

Subsurface geology interpretation is based on borings, seismic
velocity data and field mapping.
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4. The ditch geometry can be estimated using the following
table taken from FHA Report FHA-OR-RD-02-04 dated
November 2001. This ditch geometry assumes no other
rockfill mitigation methods, such as drapes and catchment
fences are used. Ditch dimension are based on 90
percent rockfall retained in the ditch. All dimensions are
in feet.

3. The rock should be excavated using controlled blasting
and pre-splitting methods. Ripping or other mechanical
excavation techniques are not recommended.

2. The maximum height between benches typically will not
exceed 25 feet. Bench width should be made as small as
practical, typically 2 feet.

1. The cut slope geometry shown is for preliminary design
only. Additional field explorations and engineering studies
will be required for final design.
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3. Erosion control measures such as hydroseeding, interceptor ditches,
erosion control blankets, terracing, or selective plantings, may be
recommended for some slopes depending on slope height, slope angle,
material type, and other factors.

2. Recommended minimum ditch width and depth of 4 feet and 3 feet (below
bottom of road surface), respectively. Wider, deeper ditches may be
recommended for some slopes depending on slope height, angle,
material type, and expected frequency of ditch cleaning. Ditch slope next
to road should not be steeper than 2H:1V.

1. Cut slopes steeper than those recommended may require soil
reinforcement such as retaining walls or other methods.
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