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1. SURFACE RUNOFF AND EROSION

The following measures are designed to control runoff and minimize erosion during construction and
maintenance of the trail. These measures would help minimize impacts to streams, fish, and wetlands.

11 MITIGATION COMMITMENTS

e Develop and implement a temporary sediment and erosion control plan, a spill containment
and countermeasures plan, and a stormwater pollution prevention plan for the project. These
plans would outline the best management practices (BMPs) that would be used during
construction.

e Conduct construction activities in accordance with requirements outlined in the NPDES
permit issued for the project.

e Time construction activities and ditch maintenance to occur during drier periods, when
possible.

e Cover or mulch exposed soils, slopes, and graded areas as appropriate.

o Use silt fences, temporary sedimentation ponds, or other suitable sedimentation control
devices.

e Minimize areas of soil exposure and retain vegetation where possible. Seed or plant
appropriate vegetation on exposed areas as soon as work is completed.

e Route surface water through temporary drainage channels away from disturbed soils or
exposed slopes.

e Use clean soils containing little or no silt and clay as fill to reduce the potential for erosion.
e Use atruck tire wash to reduce the potential for turbid runoff from roads.

o Perform hydraulic modeling during the detailed design phase of the project (subsequent to the
Master Plan Trail Final EIS) to determine the adequacy of the existing drainage system along
the Interim Use Trail, East Lake Sammamish Parkway SE, and East Lake Sammamish Place
SE (i.e., ditches and culverts). Improvements would be incorporated during the final design
phase where appropriate.

o Provide permanent stormwater management facilities as required by permitting agencies.

1.2 POTENTIAL ADDITIONAL MEASURES

Perform water quality monitoring during construction in accordance with Ecology’s
standards.

2. GEOLOGIC ISSUES

The following measures are designed to reduce impacts to geological resources during construction and
operation of the trail.

2.1 MITIGATION COMMITMENTS
o Design and construct retaining walls to mitigate seismically induced slope failure.

o Mitigate potential slope instability through geotechnical investigation, engineering design,
and construction techniques.

e Maintain and clean culverts as needed to address debris flows.
e Reuse excavated soil along the corridor as appropriate. Dispose of spoils appropriately.
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e Perform vibration monitoring of sections of retaining wall requiring pile driving.

e To minimize impacts to adjacent roadways during construction, limit the length and duration
of excavation or use engineered shoring.

e Locate utilities prior to construction of retaining walls.

2.2 POTENTIAL ADDITIONAL MEASURES

e To address vibration and settlement, perform pre- and post-construction surveys of adjacent
critical structures such as houses and perform monitoring during construction. Depending on
the severity of the impacts, additional mitigation could include modifying construction
techniques, underpinning structures, or re-leveling and repair as appropriate.

e Placing the new trail on a pile-supported bridge structure would be an option in some areas of
the East Alternatives where the new trail is planned to cross a very steep slope and the
resulting wall would be very high. Construction of the bridge foundation could be
accomplished from either above or below the new trail.

e Monitor utilities during construction using settlement meters.

3. FISHERIES

In addition to the measures listed above for control of surface runoff and erosion, the following measures
would help minimize impacts to fish.

3.1 MITIGATION COMMITMENTS

e Asrequired by permitting agencies and where practical, provide fully fish-passable structures
at locations where culverts are extended or replaced in fish-bearing streams.

e Stabilize trail shoulders in areas adjacent to streams prior to trail surfacing to prevent erosion
and sloughing.

¢ Avoid allowing silt, asphalt, or concrete to enter stream channels during construction.

e Perform construction activities in or near fish-bearing streams during work windows
established in consultation with the regulatory agencies.

e Design stream diversions to minimize sedimentation and ensure the removal of fish. Screen
inwater work areas.

o Perform instream work over the shortest period possible.

e Perform routine instream culvert maintenance between June 15 and September 15, unless
otherwise authorized by WDFW and the local jurisdiction, to avoid sediment impacts to
streams during critical salmonid spawning and incubation periods.

o Mitigate for riparian buffer impacts as required by local jurisdictions.

3.2 POTENTIAL ADDITIONAL MEASURES

Design stream mitigation and fish passage facilities to target the needs of the specific aquatic
species present or potentially present at that site.

Mitigate for riparian buffer impacts through a combination of onsite and offsite mitigation.
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4. WETLANDS AND VEGETATION

The following measures would help minimize impacts to wetlands and vegetation. The measures listed
earlier for control of surface runoff and erosion would also minimize wetland impacts.

4.1 MITIGATION COMMITMENTS

e Continue to avoid and minimize wetland and vegetation impacts by reducing trails widths and
turning radii for transitions, and shifting alignments to avoid wetlands and buffers.

e Use highly visible temporary construction fencing to delineate wetlands and buffers.
e Preserve and protect native plant species when installing fencing, signage, and other features.

e Update and comply with the project’s Vegetation Management Plan regarding management
and replacement of vegetation during operation of the trail.

o Compensate for wetland fill impacts as required by the regulatory agencies.

4.2 POTENTIAL ADDITIONAL MEASURES

o Where impacts to visual and noise buffers (planted hedges) might occur, adjacent landowners
could potentially replant similar vegetation as permitted by King County on a case-by case
basis.

o Explore the use of wetland mitigation banking to compensate for unavoidable wetland and
buffer impacts.

5. WILDLIFE

The following measures would help minimize impacts to wildlife.

5.1 MITIGATION COMMITMENTS

e Avoid loud construction noises (i.e., pile driving and asphalt paving) within 0.25 mile of the
Marymoor Park bald eagle nest site during the eagle nesting season (January 1 through
August 15).

e Avoid loud construction noises (i.e., pile driving and asphalt paving) within 0.25 mile of the
osprey nest site located within a half-mile of the trail alignment during the nesting season
(March 15 to August 31), as recommended by WDFW. Avoid other construction activities
during the nesting season within 300 feet of the osprey nest site.

e Avoid use of noise-producing equipment where the trail passes near Marymoor Park (where
existing human disturbance is less intense than other parts of the project area, and where
more sensitive wildlife are present) during the early part of the nesting season (February to
May).

e Consult with the U.S. Fish and Wildlife Service through the Endangered Species Act,
Section 7 consultation process regarding finalized bald eagle protection measures.
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5.2 POTENTIAL ADDITIONAL MEASURES

e Consider the use of alternatives to chain-link fencing in order to maintain existing wildlife
passage while still discouraging human passage and minimizing visual impacts.

e To ensure protection of the bald eagle nest in Marymoor Park, plant cedar trees or other
native evergreen vegetation to create a year-round screen between the nest site and the trail.
Deciduous trees currently serve as a screen during the growing season.

6. TRAIL SAFETY, FENCING, AND SIGNAGE

The following measures would benefit wildlife, wetlands, streams and fish, adjacent property owners, and
the safety of trail users:

6.1 MITIGATION COMMITMENTS
¢ Install fencing and signs adjacent to sensitive areas (wetlands and streams).

e Fence or screen stream crossings to protect fish from human disturbance and to maintain
riparian vegetation. Prohibit entry of trail users to streambanks and stream channels.
Leashes would be required to prevent dogs from entering streams and harassing fish.
Appropriate signs would be placed at stream crossings to explain the reasons for restrictions.

o Install signage indicating limits of the trail right of way, trail etiquette, warnings to trail users
to be aware of residents and pets crossing the corridor, and yield protocols.

e Provide signage at critical intersections, including Waverly Shores Private Boat Launch at
33rd Street, warning trail users that they are approaching a dangerous intersection.

o Design the trail to meet applicable accessibility guidelines, including grade requirements and
current design standards for curves and sight distance, based on a design speed for the fastest
users, cyclists.

e Install a 5-foot chain-link or split-rail fence in areas where the trail poses potential safety
hazards such as falling off a retaining wall or down a slope.

e Along areas of the trail adjacent to roads, residential driveways, or parking areas, install a
guardrail or approved equivalent to separate the trail from areas used by vehicles (except on a
case-by-case basis where line of sight distance would be impaired).

e Trim and remove vegetation and/or revegetate with suitable plants adjacent to the trail where
necessary in order to maintain sight distances on the approaches to an intersection and to
maintain vertical and horizontal clearances from the trail for the safety of trail users.

e Limit trail use to daylight hours for safety.

¢ King County regulates trails as linear parks. Trails are subject to usage restrictions per King
County Rule for Use of Facilities (King County Code Section 7.12.480) and local leash laws
(Issaquah Municipal Code 6.08.020, Sammamish Municipal Code 11.05.010, Redmond
Municipal Code 7.04.200).

e Provide maps of all trail access points and master keys to locked bollards to all emergency
service agencies serving the corridor.

e Provide trail planting strip barriers per AASHTO recommendations.

e Provide sidewalks and crosswalks at many of the public access locations in order to provide
for public safety.

e Limit speed for bicyclists per King County’s Trail Use Ordinance 8518, which establishes a
speed limit of 15 mph for all trails.
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¢ Notify adjacent property owners of the construction schedule.

6.2 POTENTIAL ADDITIONAL MEASURES
o Implement trail patrols by volunteer trail ranger programs.

7. TRAFFIC/PARKING

In addition to the signage measures described above, the following measures would minimize traffic and
parking impacts during construction and operation.

7.1 MITIGATION COMMITMENTS

e Implement standard construction measures such as installation of advanced warning signs,
highly visible construction barriers, and the use of flaggers.

e Provide alternate access and/or parking in individual cases where driveway access cannot be
maintained during construction.

e Signs would be appropriately placed to prevent trail users from parking in private or
restricted parking lots located near the trail access points.

o Bollards would be installed at trail/roadway crossings for all Build Alternatives.
Informational and regulatory signs would also be installed at all such crossings for trail users
and road-based vehicles.

e Guardrails would be used to delineate the trail edge where the trail surface is contiguous with
driveways.

7.2 POTENTIAL ADDITIONAL MEASURES
e Institute a public information program regarding hours of construction or parking impacts.

e A residential parking zone (RPZ) permit system could be considered by the City of
Sammamish on East Lake Sammamish Place to prohibit parking by trail users.

o Establish shared parking with local businesses for evening and weekend parking use.

8. VIEWS

In addition to the vegetation management measures described above, the following measures would
minimize impacts to views along the trail corridor:

8.1 MITIGATION COMMITMENTS

e Use funds from the 1 percent art tax to develop and construct art or interpretive elements at
sensitive locations such as gates, transition nodes or entrances, and at special environmental
or natural features.

8.2 POTENTIAL ADDITIONAL MEASURES

e Reinstall landscaping where possible to provide visual screens and/or restore trail edge
plantings.

e Choose retaining wall materials that are appropriate to the particular location.
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9. NEIGHBORHOOD CONCERNS

In addition to the fencing/signage, safety, and traffic/parking measures discussed above, the following
measures would help minimize impacts on nearby neighborhoods and businesses during construction and
operation of the trail.

9.1 MITIGATION COMMITMENTS

o Notify businesses and residents of the construction schedule.

e Maintain access to residential areas and commercial businesses in the vicinity of the corridor
during construction.

e In cases where existing trails leading from East Lake Sammamish Parkway to private
beaches, private beach clubs, or community beaches cross over the former railbed, work with
beach clubs and community groups during detailed design to assess the requirements for
access across the trail.

o Coordinately closely with utility providers and property owners to identify and physically
locate utilities prior to the initiation of any construction activity. Notify property owners in
advance of breaks in service to affected utilities.

o Comply with local regulations regarding construction noise.

e Require construction contractors to take measures to reduce construction noise (e.g., turning
off idling equipment, using proper mufflers on equipment, locating equipment and staging
areas far from residences, using portable noise barriers).

e Provide litter receptacles, doggy litter bag boxes, and trail etiquette signs at public access
points.

e Conduct a fair market value real estate assessment for any properties that need to be acquired
associated with the East Alternatives.

9.2 POTENTIAL ADDITIONAL MEASURES

Implement roadway modifications, including such items as eliminating parking, conversion
to a one-way street, elimination of a center turn lane or median, roadway shifting, and use of
a barrier, to minimize property acquisition impacts associated with the East Alternatives.

10. CULTURAL RESOURCES

The following measures would minimize impacts to cultural resources.

10.1 MITIGATION COMMITMENTS

e Cultural resources training would be conducted with all construction crews, field supervisors,
and inspectors prior to beginning construction.

e Contracts for construction would include clauses addressing cultural resource discovery to
encourage reports of discoveries without penalty.

o |f cultural resources are identified during construction activities for any of the alternatives,
work will halt in the immediate area and the appropriate city or county department, King
County Historic Preservation Program, and the Washington State Office of Archaeology and
Historic Preservation will be contacted.
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10.2 POTENTIAL ADDITIONAL MEASURES

e Archaeological surveys would be conducted prior to any construction activity at the parking
and restroom facilities.

e An archaeologist would review locations for proposed retaining wall construction, proposed
stormwater management facilities, and proposed access areas to determine what mitigation
measures are warranted. Any construction excavation into native soils would likely require
additional archaeological fieldwork.

e An archaeologist would be consulted to monitor culvert maintenance excavation in native
soils, in addition to the placement of signs, fences, and bollards outside of the existing
railbed, to avoid disturbing buried cultural deposits in native soils. Tribal representatives
may also request to be present during such excavations.
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1. INTRODUCTION

This report summarizes existing geology for the East Lake Sammamish Master Plan Trail project area,
documents methodology and assumptions, and estimates potential geology impacts for each alternative.
This report also provides a summary of proposed measures to mitigate potential geology impacts. In
addition, compliance with relevant plans and policies is summarized.

1.1 STUDIES AND COORDINATION

The results of this report are based upon field reconnaissance by geologists and engineers from HWA
GeoSciences, a review of existing geotechnical borehole logs, and a review of published sensitive area
maps and published surficial geology maps. The field reconnaissance included walking the alternative
alignments for the proposed trail to evaluate soil exposures, slopes, seepage zones, evidence of mass
wasting, and other geologic conditions that may impact the project.

The field reconnaissance was performed in January and February 2000 for the Phase I Interim Use Trail
EIS; in April and May 2001 to identify pre-design geotechnical issues; and in December 2003 and
January 2004 for the current study. Field observations and interpretations from all three study periods are
incorporated in the Master Plan EIS.

The literature review included both in-house project files and outside sources. Outside sources of
information included U.S. Geological Survey maps; geologic maps from the Washington Department of
Natural Resources Division of Geology; Soil Survey of King County; borehole logs from the Seattle-Area
Geologic Mapping Project; Sensitive Areas Maps from King County, City of Redmond, City of
Sammamish, and City of Issaquah; the on-line Department of Ecology well records; and others. All
sources of information referred to within this report are listed in the references (Section 6).

1.2 RESOURCE MAPPING

A map of surficial (surface) geology was imported from 2000 King County GIS information and overlaid
onto maps of the proposed trail. In addition, the boundaries and types of geologic hazard areas were
derived directly from GIS data obtained from King County and georeferenced into the maps of the trail.
Issues associated with differences in scale between the County maps and maps of the proposed trail are
discussed further under Sections 3.1.1 and 3.3 of this technical report.
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2. PERMITS AND APPROVALS

This section summarizes the applicable regulations and the associated permits and approval processes for
the Master Plan Trail relating to geological hazards and resources.

Washington State’s Growth Management Act (Chapter 36.70A RCW) requires all cities and counties to
identify critical areas within their jurisdictions and to formulate development regulations for their
protection. Among the critical areas designated by the Growth Management Act are geologically
hazardous areas. The Cities of Issaquah, Sammamish, and Redmond, along with King County, have each
developed geologically hazardous areas maps or folios. Before development is allowed in these mapped
critical areas, detailed geotechnical studies must be prepared to discuss specific standards relating to site
geology and soils, seismic hazards, and facility design. Geologic hazards are discussed further in
Section 3.3 of this technical report.
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3. AFFECTED ENVIRONMENT

3.1 TOPOGRAPHY AND GEOLOGY

The project study area is herein defined as the area between East Lake Sammamish Parkway and the
eastern shoreline of Lake Sammamish. On a broader scale, this area is located in the central portion of
the Puget Lowland, a north-south depression situated between the Olympic Mountains and the Cascade
Range in western Washington. Truncating the Puget Lowland from the Cascade foothills to the eastern
edge of the Olympics is the Seattle Fault (see Section 3.3.1 of this report). The continental crust south of
the fault is being thrust northward, causing uplift, which has resulted in the series of bedrock hills south
of the project area, from Tiger Mountain to the Newcastle Hills.

The topography in the vicinity of the project area is dominated by a series of north-south trending
clongate ridges and drift uplands. The uplands are separated by large troughs excavated by glacial
processes during the Pleistocene Epoch. These troughs are now occupied by tidal waters, large lakes, or
river valleys such as Puget Sound, Hood Canal, Lake Washington, Lake Sammamish, and the other large
water bodies of western Washington (Liesch et al., 1963; Mullineaux et al., 1965; Booth, 1987).

The geology of the Puget Sound region includes a thick sequence of glacial and non-glacial soils
overlying bedrock. Glacial deposits were formed by ice originating in the mountains of British Columbia
(the Cordilleran ice sheet) and from alpine glaciers that descended from the Olympic and Cascade
Mountains. These ice sheets invaded the Puget Lowland at least six times during the early to late
Pleistocene Epoch, approximately 2 million to 10,000 years before present (Booth et al., in press). The
southern extent of these glacial advances was near Olympia, Washington. During periods between these
glacial advances and after the last glaciation, portions of the Puget Lowland filled with alluvial sediments
deposited by rivers draining the western slopes of the Cascades and the eastern slopes of the Olympics.

The most recent glacial advance, the Fraser Glaciation, included the Vashon Stade, during which the
Puget Lobe of the Cordilleran ice sheet advanced and retreated through the Puget Sound basin.
Radiocarbon dates indicate that the Vashon ice sheet occupied the Puget Sound area about 15,000 years
ago and retreated to the north approximately 13,000 years ago (Thorson, 1981). Existing topography,
surficial geology and hydrogeology in the project area were heavily influenced by the advance and retreat
of the Vashon ice sheet.

The topography in the vicinity of the Build Alternatives is shown on the Plan Sheets in Volume II. The
topography and existing features shown on the figures were derived from an aerial photogrammetric
survey conducted by King County in 1999. The proposed trail is located along the eastern slope of the
glacial trough now occupied by Lake Sammamish. The top of the slope ranges generally from 300 to 500
feet in elevation. The Sammamish Plateau forms a broad upland to the east of the slope.

3.1.1 Surficial Geology

In general, the surficial geology in the study area consists of dense to very dense, glacially consolidated
deposits forming the slopes, with loose to medium dense deposits derived from post-glacial erosion and
landsliding forming the low areas. The Interim Use Trail, East Lake Sammamish Parkway, and East Lake
Sammamish Place are built on cuts into the dense soils and fills built over dense soils, as well as over
loose alluvial soils. Previous borings indicate the potential for peat deposits to exist under recent fill soils
in the valleys and lowlands.
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Surficial geology in the study area is shown on the maps in the Interim Use Trail EIS and is derived from
Minard and Booth (1988) and Booth and Minard (1992).

The boundaries of the geologic units shown on the attachments referenced in this technical report do not
always match the surficial geology observed in the field. This is because the surficial geology map was
imported from the 2000 King County GIS CD, which was created from existing geologic maps at
approximately a 1:24,000 scale (1 inch = 2,000 feet). In contrast, the maps for the Corridor and East
Alternatives are at a scale of 1:2,400 (1 inch = 200 feet). Also, not all deposits of a particular type that
can be observed are shown on these attachments, for similar reasons. This is most common for landslide
deposits (Qls), where most of the historical landslides were too small to map at 1:24,000.

The mapping should be considered general in nature and may not accurately depict the geology at a given
location, considering the small scale at which it was mapped and the large scale at which the alternatives
are portrayed. Boundaries between geologic units are shown as abrupt and distinct changes; in reality
many boundaries are more gradual.

3.1.2 Geologic Units

Various geologic units are encountered along the project corridor and are referred to throughout this
document. Very few geologic units have precise boundaries. The geology of an area can change
drastically, both horizontally and vertically, within a few feet or, in some instances, can remain fairly
consistent for hundreds of feet. The high degree of potential local variability was demonstrated in the
published geotechnical borehole logs and water well logs reviewed for this study.

Typical descriptions of the geologic units are presented below, based on the descriptions from the
published geologic maps. In general, the geologic units are presented from the most recent deposits to the
oldest. Geologic units younger than Vashon-age glacial till have not been overridden by glaciers. The
Vashon-age glacial till and the older units have been glacially consolidated and are typically very dense or
hard.

3.1.2.1 Modified Land (ml)

The term “modified land” is used to describe surficial geologic conditions that have been modified by
human activities such as cutting, filling, grading, leveling, sluicing, shoreline protection, and roadbed or
railroad bed construction. Fill material is usually composed of glacial soils or alluvium from various
locations and may consist of clay, silt, sand, and/or gravel. Dumped rock, construction debris and
boulders may also be present. Locally, some effort at compaction may have been made during placement
of these fills, and their relative density varies widely. The engineering properties of fill can be very
different from location to location.

3.1.2.2 Landslide Deposits (Qls)

Landslide deposits typically consist of intermixed debris from nearby soil units that has been transported
downslope as landslides, slumps, and debris flows. The slides often occur along steep hillsides and along
the sides of steep stream gullies, which have eroded headward from shorelines and valleys into the bluffs.
Organic material, including logs and tree stumps, is often embedded in slide debris.

3.1.2.3 Mass Wasting Deposits (Qmw)

This map unit is used to indicate areas where deposits from landslides and debris flows have accumulated,
forming an indistinct surface morphology such that individual landslide events cannot readily be mapped.
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This unit is sometimes referred to as colluvium or landslide debris. This unit is mapped in a large area
between Pine Lake Creek (near NE 8th Street) to Louis Thompson Road. According to Booth and
Minard (1992), the deposit resulted from sliding and other mass wasting at the contact point (upslope of
the deposits) between the free-draining advance outwash (Qva) at the surface and the relatively
impermeable silt and clay of the transitional beds underneath (Qtb).

3.1.2.4 *“Wetland” Deposits (Qw)

The geologic unit mapped as “wetland” deposits consists predominantly of peat, alluvium, and other past
lowland soils, which are poorly drained and intermittently wet. These soils are similar in composition
and consistency to the younger alluvium (see below). It should be noted that the term “wetland” deposits
is a geologic descriptor; the mapped geologic unit does not necessarily coincide with actual wetlands.

3.1.2.5 Fan Deposits (Qf)

Coarse sand, gravel, and boulders have been deposited in alluvial fans at the outlets of streams emerging
from slopes into Lake Sammamish. The deposits are relatively small in extent in comparison to other
geologic units, and grade laterally into the younger alluvium (see below).

3.1.2.6  Younger Alluvium (Qyal)

Alluvial sediment has been transported from upland slopes by water in streams, rivers, and creeks and
deposited along stream banks and the Lake Sammamish shoreline. The younger alluvium typically
consists of silt and fine to medium sand, but the particle size range correlates to the water velocity at the
time of deposition. High-velocity streams typically deposit coarse sediment including medium- to coarse-
grained sand, gravel, cobbles, and boulders. Low-velocity streams typically deposit fine-grained
sediment including silt and fine sand. Organic material, consisting of partially decayed wood and plants,
is likely to occur as interbeds or lenses in these alluvial deposits. Wetlands tend to develop on the fine-
grained alluvium, whereas the coarse-grained deposits are well drained.

3.1.2.7 Older Alluvium (Qoal)

Older alluvium is similar to younger alluvium, but older alluvium is found at higher elevations and
typically forms steeper slopes than younger alluvium. The older alluvium may include lake-bottom
sediments that are interbedded with floodplain deposits.

3.1.2.8 Vashon Recessional Outwash (Qvr)

During the last episode of Vashon-era glaciation, meltwater streams emanating from retreating glaciers
deposited sand and gravel. Hummocky, unsorted masses of sand and gravel were deposited at the glacial
ice margins as the ice melted. These stratified or unsorted sand and gravel deposits are termed recessional
outwash. This unit has not been overridden by glacial ice and is usually medium dense, ranging in
composition from silty fine sand to clean coarse gravel with occasional cobbles and boulders. The unit is
typically porous and well drained but may become saturated with water if it lies over sediments with low
permeability. The recessional outwash may be a source of spring water discharge or domestic water
supply (Turney et al., 1995).

3.1.2.9 Vashon Ice-Contact Deposits (Qvi)

This unit consists of sand, gravel, silt, and clay deposited in water close to melting glacial ice. It is
therefore a stratified deposit, containing minor inclusions of till (described below). Ice-contact deposits
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contain more silt than Vashon recessional outwash, and because the ice-contact deposits formed over or
adjacent to melted-out and collapsing ice they are locally steeply bedded.

3.1.2.10 Vashon Glacial Till (Qvt)

Glacial till typically consists of a heterogeneous mix of gravelly sand with scattered cobbles and boulders
in a clay/silt matrix deposited beneath glacial ice. This very dense unit is locally referred to as “hardpan.”
The predominant glacial till encountered in the area is of Vashon age. Glacial till typically exhibits high
shear strength and low compressibility. Glacial till is generally considered the most competent bearing
soil in the area, aside from bedrock. Temporary excavations in glacial till will generally stand near
vertical for tens of feet high until weathering causes the face to slough. Excavation can be difficult
because the till is so compact. Competent sections of till form steep slopes above the lake shoreline, and
wetlands typically form on top of flat-lying till with low permeability.

3.1.2.11 Vashon Advance Outwash (Qva)

Meltwater streams emanating from advancing glaciers deposited stratified glacial advance outwash,
which may resemble recessional outwash. Advance outwash was overridden by glaciers and typically
consists of dense to very dense fine sand to coarse gravel with cobbles and occasional boulders. This unit
is regionally important as an aquifer. Where underlain by low-permeability sediment, the unit may
discharge spring water from surface outcrops.

3.1.2.12 Transitional Beds (Qtb)

Underlying the advance outwash, the glacial and non-glacial deposits known as transitional beds consist
of silt and very fine-grained massive sand in the upper portion. The lower portion consists of laminated,
thin to thick-bedded clay and silty clay. Most of these fine-grained soils were deposited in glacial
meltwater lakes and were subsequently covered with granular advance outwash before being overridden
and densely consolidated by the ice. Locally this unit may be distorted or sheared, thereby having a lower
mass strength than the surrounding soil. Undisturbed sections of compacted silt may form relatively steep
slopes above the shoreline.

3.1.2.13 Olympia Beds (Qob)

Olympia beds consist of lightly to moderately oxidized sand and gravel beds with some silt that is
interpreted to be non-glacial alluvium. This unit is exposed at the north end of the Lake Sammamish
shoreline and typically underlies the transitional beds, or the advance outwash where the transitional beds
are locally absent.

3.1.2.14 Blakely Formation Bedrock (Tb)

This unit consists of medium to coarse-grained sandstone and conglomerate with some siltstone.
Outcrops of this bedrock are generally moderately to highly weathered. Exposures are present in the
slope east of Lake Sammamish State Park. Two large landslide areas (Qls) have been mapped within the
area mapped as Blakely Formation.

3.2 GROUNDWATER

No groundwater supply wells have been installed within 0.25 mile of the northern portion of the corridor
(Ecology, 2003; Turney et al., 1995), which is within the alluvial plain at the north end of Lake
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Sammamish, roughly within Redmond city limits. Several groundwater supply wells are located within
0.25 mile of the southern portion of the corridor, which is within the alluvial plain at the south end of
Lake Sammamish, south of the Sammamish city limits, within Issaquah and unincorporated land. These
wells were completed at depths ranging from 50 to 250 feet below the ground surface. The rate of
groundwater pumping from these wells for domestic supply is unknown. Water levels in the wells rise
nearly to the surface. Thick layers of low-permeability silt and clay between the ground surface and the
well screen restrict downward infiltration of water to the deeper aquifers. This hydraulic separation
between the shallow alluvium and the deeper aquifer, as well as the upward pressure of groundwater in
the deeper aquifer, indicate that surface activities related to the trail will have negligible effect on deeper
groundwater supplies.

Groundwater is also present in the alluvium within the shoreline of Lake Sammamish. Groundwater in
shoreline alluvium generally occurs at depths less than 10 feet and is hydraulically connected to adjacent
streams or the lake. Surface water infiltrates into the alluvium and discharges as groundwater directly
toward Lake Sammamish.

Several groundwater supply wells are located within 0.25 mile of the middle portion of the project
corridor (Ecology, 2003; Turney et al., 1995), which is at the toe of the hillsides sloping down from the
Sammamish Plateau and coincident with Sammamish city limits. These wells were completed at depths
ranging from 50 to 250 feet below the ground surface. The rate of groundwater pumping from these wells
for domestic supply is unknown. As in the southern portion of the project corridor, water levels in the
wells rise nearly to the surface, or at least to the elevation of Lake Sammamish. Thick layers of low-
permeability silt and clay separate the alluvium from coarse-grained deeper aquifers.

3.3 GEOLOGIC HAZARDS

Washington State’s Growth Management Act (Chapter 36.70A RCW) requires all cities and counties to
identify critical areas within their jurisdictions and to formulate development regulations for their
protection. Among the critical areas designated by the Growth Management Act are geologically
hazardous areas, which are defined as areas that because of their susceptibility to erosion, sliding,
earthquake, or other geologic events are not suited for development consistent with public health and
safety concerns. Geologically hazardous areas discussed in this report include seismic hazards, steep
slopes, landslide hazard areas, erosion hazards, and coal mines.

The Cities of Issaquah, Sammamish, and Redmond, along with King County, have each developed
geologically hazardous areas maps or folios (see Section 6 of this report for reference information for
these maps). In general, before development is allowed in these mapped critical areas, detailed
geotechnical studies must be prepared to discuss specific standards relating to site geology and soils,
seismic hazards, and facility design.

The approximate locations of mapped geologic hazard areas with respect to the corridor were presented in
the NEPA Environmental Assessment for the Interim Use Trail and Resource Protection Plan (May,
2002). The boundaries and types of geologic hazard areas were derived directly from GIS data obtained
from King County and georeferenced into the maps of the alternatives. The hazard areas were originally
mapped at a scale of 1:24,000, and therefore the boundaries often do not match with the topography
shown at a scale of 1:1,200 on the alternative maps (e.g., the seismic hazard shoreline boundaries do not
match the topographic mapping).
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3.3.1 Seismic Hazards
3.3.1.1 Puget Sound Region Earthquakes

Seismic hazard areas are generally defined as those areas subject to severe risk of earthquake damage as a
result of seismically induced ground shaking, ground settlement, or soil liquefaction. The project area,
along with the entire Puget Sound region, is susceptible to moderately high seismic activity.
Consequently, moderate to high levels of shaking should be anticipated during the design life of the
proposed project. Seismic coefficients necessary for project design will be obtained from the most
updated International Building Code prior to final trail design.

Earthquakes in Western Washington occur in three distinct settings: shallow, crustal earthquakes that
occur in the North American plate; deep, Wadati-Benioff zone earthquakes within the subducted oceanic
crust (Juan de Fuca plate); and offshore, subduction zone earthquakes. Since the 1850s, over 25
earthquakes of Magnitude 5.0 or greater have occurred in the Puget Sound region. Historical earthquake
damage in the Puget Sound region has resulted only from Wadati-Benioff zone earthquakes, with the
1949, 1965, and 2001 events creating the most damage. The February 28, 2001 Nisqually earthquake
(Magnitude 6.8) resulted in lateral spreading of the railbed shoulder at one location and of East Lake
Sammamish Parkway at two locations. Liquefaction during that earthquake resulted in sand boils near the
mouth of Issaquah Creek in Lake Sammamish State Park (Creager et al., 2001).

In addition to the recorded historic earthquakes, paleoseismic evidence suggests that a major earthquake
(Magnitude 7) occurred about 1,100 years ago on the Seattle Fault, which has been mapped east-west
through the project corridor at Monohan, and through downtown Seattle and westward across Bainbridge
Island (Bucknam et al., 1992; Johnson et al., 1994). The Seattle Fault is a south-dipping reverse fault,
which forms the leading edge of the Seattle uplift, a 40-kilometer-wide fold-and-thrust belt (Brocher et
al., in press). Recent research indicates that the Seattle Fault is probably the highest hazard for the Seattle
metropolitan area of the three types of earthquake sources (Frankel et al., 1996). A major earthquake
along the Seattle Fault could rupture the ground surface, either at an existing limb of the fault or an
entirely new one, resulting in a scarp up to several feet high.

Geologic and geophysical evidence also indicates that large subduction zone earthquakes (Magnitude 8 to
9) can occur along the Washington and Oregon coast. The paleoseismic record suggests five or six
subduction zone events have occurred over the last 3,500 years (Atwater, 1987). Tree ring data and
Japanese historical records date the latest subduction zone earthquake to 1700 (Yamaguchi et al., 1997).
Although horizontal and vertical accelerations in the project vicinity are not expected to be as large for a
subduction zone quake as for a Seattle Fault quake, the duration of shaking for a subduction zone quake
could be several minutes.

3.3.1.2 Liquefaction

When shaken by an earthquake, certain soils lose strength and temporarily behave as if they were liquid.
This phenomenon is known as liquefaction. The seismically induced loss of strength can result in failure
of the ground surface, which is typically expressed as lateral spreads, surface cracks, and settlement. A
structure can sustain substantial damage during a large seismic event if it is supported in or on a soil
susceptible to liquefaction. Seismically induced liquefaction typically occurs in loose, saturated, sandy
material commonly associated with recent river, lake, and beach sedimentation. In addition, seismically
induced liquefaction can be associated with areas of loose saturated fill.
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Large portions of the north and south ends of the project corridor, where the corridor is located on alluvial
plains, are potentially liquefiable during a seismic event. Other liquefaction-prone areas include old
beach deposits along the eastern lakeshore and localized stream alluvium. Possible effects of liquefaction
include settlement and cracking of the Interim Use Trail and road embankments. Portions of the proposed
trail located along hillsides may be susceptible to seismically induced lateral spreading of embankment
fills and any loose native soils. The 2001 Nisqually Magnitude 6.8 earthquake (a Benioff-zone
earthquake) caused settlement of embankment fill along the Parkway in a couple of locations (STAcor
216+75 to 218, and STAgast 363 to 365) and at one location along the railbed (STAcor 548+50 to 550,
eastern side). The Parkway failure at STAcor 216+60 to 218 resulted in settlement of the southbound
lane and shoulder.

3.3.2 Steep Slope and Landslide Hazard Areas

Steep slope areas are generally defined as those that rise at an inclination of 40 percent or more with a
vertical change in elevation of at least 10 feet. There are many areas of mapped steep slopes along the
proposed trail corridor, but most of the larger areas of mapped hazards are to the east of East Lake
Sammamish Parkway. Smaller areas of steep slopes and landslide hazard are mapped between East Lake
Sammamish Parkway and Lake Sammamish. Many sections of slopes that have been cut for railbed and
roadway construction meet the criteria for steep slopes but are too small for mapping at the scale of the
sensitive areas maps.

Generally, landslide hazard areas can be defined as follows:

e Any area with a combination of:
- Slopes greater than 15%;
- Impermeable soils (typically silt and clay) frequently interbedded with granular soils
(predominately sand and gravel); and
- Springs or groundwater seepage.

e Any area which has shown movement during the Holocene Epoch (from 10,000 years ago to
present) or is underlain by mass wastage debris of that epoch.

e Any area subject to instability as a result of rapid stream erosion, stream bank erosion, or
undercutting by wave action.

e Any area that shows evidence of, or is at risk from, snow avalanches.

e Any area located on an alluvial fan that is presently subject to, or potentially subject to,
inundation by debris flows or deposition of stream transported sediments.

Areas of known landslides are included in the mapped landslide hazard areas. Some of these areas have a
history of repeated landsliding while others do not. Frequently, these areas of repeat landsliding are
located within areas mapped as steep slope hazard areas. Landslide deposits and landslide scars are
indicators of historical or past landslides.

The degree of sloughing and sliding also varies with the steepness and height of the slope. Steeper,
higher slopes are more likely to create larger slides, whereas shorter slopes are capable of producing
smaller areas of sloughing across the surface.

3.3.3 Erosion Hazards

Erosion hazard areas are defined as those areas containing soils that may experience severe to very severe
erosion. Erosion potential along the project corridor varies with surficial geology and soil type,
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topography, occurrence of groundwater seepage and surface runoff, vegetative cover, and the built
environment. Surface and subsurface soils in the plains at the north and south ends of Lake Sammamish
consist of alluvium and lake deposits. Soils along hillsides typically consist of overconsolidated glacial
deposits, overlain by variable thicknesses of colluvium (slope deposits) and locally by alluvium. The
native soils were modified by cut and fill earthwork for construction of the railbed, Parkway, streets, and
homes. The greatest erosion potential appears to be along the existing cut and fill slopes of the Interim
Use Trail, the Parkway, streets, and driveways.

3.34 Coal Mine Hazards
Coal mine hazard areas are those areas over or adjacent to or affected by mine workings such as adits,

tunnels, drifts, or air shafts. No mapped coal mine hazards are mapped within 400 feet of the project
corridor.
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4. IMPACTS AND MITIGATION

This section analyzes the potential impacts of construction, operation, and maintenance of the trail
facilities on the geologic environment (e.g., excavation of soils for construction of a trail retaining wall,
potential sliding of existing steep slopes onto the trail). Operation impacts to the geologic environment
associated with the daily use of the trail are likely to be negligible.

Some degree of mitigation is possible for the identified impacts. However, in some cases, it may not be
practical from a construction or financial standpoint to implement certain mitigation alternatives. For
example, construction of the project through an area of liquefaction-prone soils can be mitigated by
ground improvement, replacement of the susceptible soils, designing for the liquefaction-prone area by
constructing on pile-supported foundations or a raft of non-liquefiable material, and/or by planning a
maintenance schedule for re-leveling and repair. However, ground improvement and designing for the
liquefaction-prone soils would likely be impractical because the implications of failure are relatively
minor and the cost of repair would be much less than the cost of initial mitigation. Planned maintenance
and repair as necessary may be more appropriate for a trail.

4.1 CORRIDOR AND EAST ALTERNATIVES

This section describes the general impacts and mitigation common to the Corridor Alternative and the
East Alternatives, followed by impacts and mitigation specific to various construction techniques that
might be used for the proposed trail.

41.1 Groundwater
Impacts

Surface activities related to the trail construction or operation may temporarily change the local water
flow at culverts or wetlands, but the effect is expected to be minor. These activities would include
temporary dewatering of excavations for culvert replacement. Such dewatering would be shallow
(typically 10 feet or less) and of limited duration. Thick layers of low-permeability silt and clay separate
the alluvium near the surface from coarse-grained deeper aquifers. The intervening low-permeability
sediment and the upward vertical gradients (i.e., the upward pressure of groundwater in the deeper
aquifer) would reduce potential impacts to groundwater flow or quality due to trail construction or
operation.

Mitigation

No mitigation measures are proposed because only shallow groundwater would be impacted, in a minimal
manner for short duration.

4.1.2 Geologic Hazards

4.1.2.1 Seismic Hazard Areas

Impacts

Construction or operation of the trail would not affect existing seismic hazard areas; however, use of the

trail may be impacted in the event of a seismic event. The entire project study area may be subjected to
earthquake shaking and should be considered to have a moderate to high seismic risk. There is also
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potential for loss of strength, settlement, and lateral displacement of soils supporting the Interim Use Trail
and roadways where these are founded in or over liquefiable soils. The magnitude of settlement, soil
movement, and loss of strength is a function of the soil thickness, soil quality, groundwater level,
location, and magnitude of the seismic event.

The project corridor crosses the Seattle Fault zone and, as such, the risk for liquefaction and lateral
spreading occurring anywhere along the project corridor during a large earthquake is high. However, the
impacts to the proposed trail are anticipated to be minimal because of the past loading of the alluvial and
beach soils beneath the Interim Use Trail and roadways, resulting from the weight of the fill and of the
vehicles and the freight traffic on the former railbed. Ramps or transitional sections of the trail
connecting the Parkway and the Interim Use Trail that are constructed over liquefiable soils would likely
be more susceptible to damage from liquefaction. Rupture of the fault could result in a scarp several feet
high across the trail.

Mitigation

Using the appropriate seismic parameters in design can reduce the impact of earthquake shaking on the
proposed trail and facilities. Specific areas of liquefiable soils could be identified from the critical areas
maps and geotechnical subsurface explorations during the design phase. Damage due to soil liquefaction
can be reduced or eliminated by a number of methods. For example, the ground could be improved by
densifying or replacing potentially liquefiable materials that may be present beneath the project corridor.
However, as stated earlier, the appropriate level of mitigation would likely be to re-level and repair the
trail as needed, as occurred along the Parkway after the 2001 Nisqually earthquake.

4.1.2.2 Landsliding and Steep Slopes
Impacts

Construction of the planned retaining walls would involve cutting into steep slopes and filling out onto
steep slopes.

There is potential for sliding of existing steep slopes, including natural slopes, cut slopes, and fill slopes.
Sliding can be triggered by a seismic event, by the natural process of stabilization of a steep slope to a
flatter profile, by an increase in the amount of water in the soil (from excessive rainfall), or by
construction that adds fill to, traverses, or cuts into a steep slope. Most cut slopes along the project
corridor (road cuts, railroad cuts, driveway cuts, and grading for houses) were observed to be in an
oversteepened condition and subject to soil creep. It is evident that shallow landsliding has occurred in
the recent past in many locations. Notable landslides include a repaired slide near STAgast 488+75, of
which the headscarp had encroached into the travel lanes of East Lake Sammamish Parkway, and a
chronic surficial slide area in the highest railroad cuts at STAcor 332+00.

Mitigation

For existing steep slopes along the project corridor that would not be impacted by construction, little
mitigation would be required outside of continued maintenance (e.g., removal of leaning trees, continued
clearing of drainage ditches, and cleanup of slide debris as slides occur). In some areas, steepening of the
slopes can be accomplished without reducing the stability below normally accepted standards. In other
areas requiring cutting or filling, retaining structures would be added to eliminate the possibility of
sliding. The potential for instability along slopes impacted by construction would be mitigated by site-
specific geotechnical investigation, engineering design, permitting, and construction techniques. Slope
instabilities within and in the vicinity of the project corridor could continue along slopes not modified by
trail construction, particularly in steep slopes along the fill embankment for East Lake Sammamish

October 2006 East Lake Sammamish Master Plan Trail
Page 12 Appendix B: Geology Technical Report



Parkway and in cuts along the Interim Use Trail. Such instabilities would likely be consistent with those
observed in recent years, such as surficial slides and pavement distress.

41.2.3 Debris Flows
Impacts

Construction or operation of the trail would not affect debris flows; however, use of the trail may be
impacted in the event of a debris flow. Debris flows derived from upstream landslides triggered by
intense storms could overtop the proposed trail at existing stream culverts, possibly burying the trail
and/or scouring it. Streets and driveways could be similarly affected.

Mitigation

Continued maintenance of culverts and cleanup as needed are likely the most practical mitigation
measures, as well as enforcement by local jurisdictions of their critical areas ordinances in regard to
development of upslope properties.

41.2.4 Erosion Hazards
Impacts

Based on information from the King County Soil Survey, the native soils along the project corridor are
rated as having slight inherent erosion potential. However, the existing cut slopes along the project
corridor are highly prone to erosion. Most of the cut slopes exhibit some degree of soil creep into the
road and driveway ditches and ditches along the Interim Use Trail.

Mitigation

Soil that is not disturbed during construction would not need mitigation. During construction, contractors
would employ BMPs to control erosion within the construction limits along the project corridor. These
BMPs would be consistent with critical area codes and grading regulations of local jurisdictions and
would include the following:

e Prepare and implement a Temporary Erosion and Sediment Control Plan.

e Mulch the slopes of ditches with straw or matting to reduce erosion in areas where accumulated
sediment is removed.

e Minimize areas of soil exposure.

e Retain vegetation where possible, especially on steeper slopes. Seed or plant appropriate
vegetation on exposed areas as soon as work is completed.

e Route surface water through temporary drainage channels around and away from disturbed soils
or exposed slopes.

e Use clean soils containing little or no silt and clay as fill to reduce the potential for erosion.
e Use silt fences, temporary sedimentation ponds, or other suitable sedimentation control devices.
e Cover exposed soil stockpiles and exposed slopes with plastic sheeting, as appropriate.

e Use straw mulch and erosion control matting to stabilize graded areas and reduce erosion and
runoff impacts to slopes where appropriate.
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o Intercept and drain water from any surface seeps if they are encountered.
e Use a truck tire wash to reduce the potential for turbid runoff from roads.

e Incorporate contract provisions allowing temporary cessation of work under certain, limited
circumstances, if weather conditions warrant. Some construction activities that are difficult to
mitigate through BMPs should be limited to the drier summer months. (See Section 3.5, Fish
Resources, for discussion of construction timing requirements related to fisheries.)

41.2.5 Coal Mine Hazards
Impacts

Most underground coal mines in the area have been abandoned and can create hazardous conditions. For
example, as the roof and sides of an underground mine gradually fail, the area over the mine may subside.
More dramatically, a sudden collapse of a shallow mine may occur. Structures located above subsurface
mines can be damaged during such events. However, based upon information from the Washington State
Department of Natural Resources, no known coal mines are mapped within 400 feet of the project
corridor.

Mitigation

The nearest abandoned coal mine workings are mapped at the present Lakeside Industries gravel pit,
which is approximately 2,000 feet northeast of the trail corridor where it crosses beneath [-90. Because of
the distance from the trail, it is unlikely that abandoned mine workings would pose a threat to the trail.

4.1.3 Construction-Period Impacts and Mitigation

The broadly defined task of constructing a new trail or widening an existing corridor can be divided into a
number of more specific construction activities. The purpose of this section is to better define the
construction activities and accordingly the impacts that could occur during the construction of the trail.
This section includes descriptions of activities (specifically wall types) that may not be applicable to all
alternatives.

Construction of the Corridor or East Alternatives would involve similar general construction activities.
The primary difference would be in the magnitude of these activities (for example, the length, height and
type of retaining walls needed).

41.3.1 Soil Disturbance

Impacts

Construction of the trail could result in erosion associated with vegetation removal, culvert replacement,
excavation (including over-excavation), fill placement, and spoils removal or stockpiling. Erosion could
in turn lead to silt-laden runoff being transported off-site, resulting in water quality degradation of local
surface waters. This is especially critical where ditches parallel the project corridor (for example, from
the entrance to Lake Sammamish State Park in Issaquah north along the Interim Use Trail). Truck traffic
could also track mud into the streets. The severity of potential erosion would be a function of the quantity
of vegetation removed, construction site topography, weather during certain construction activities, and
volume of soils stockpiled.
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Mitigation

BMPs would be implemented during earthwork activities to reduce the amount of silt-laden runoff
leaving the construction sites. Clean soils containing little or no silt and clay would be used as fill to help
reduce the potential for erosion. For areas where ditches parallel the construction site, temporary culverts
or temporary bypasses would be used to isolate the ditch from the exposed sediment. A truck tire wash
would be located at construction sites. Some construction activities that are difficult to mitigate through
BMPs should be limited to the drier summer months.

4.1.3.2 Construction-Induced Vibrations and Settlement
Impacts

Many construction methods may result in vibrations that could cause settlement or damage to nearby
structures, including homes and road embankments. These methods include installation of driven piles,
installation of auger cast piles, excavation for wall construction, and compaction of fill.

Mitigation

Mitigation could include a pre-construction and post-construction survey of adjacent critical structures
and a monitoring program during construction. Dependent upon the severity of the impacts, additional
mitigation could include modifying construction techniques (such as the choice of pile type or installation
equipment), underpinning structures, or re-leveling and repair as appropriate. Vibration damage is rarely
incurred by adjacent structures that are of newer construction during these types of wall construction
activities. See Section 4.1.3.5 for further discussion of vibration impacts and mitigation related to
retaining wall construction.

4.1.3.3 Disposal of Construction Spoils

Impacts

Construction would generate relatively large volumes of spoils that would need to be disposed. Spoils
disposal could result in transportation of soil, dust, and mud off-site through erosion or by being tracked
off-site by truck tires. Erosion was discussed in the previous section on soil disturbance. Impacts due to
increased truck traffic are addressed in Section 3.11, Transportation, in Chapter 3 of the EIS. Private
drives used as haul roads would likely experience pavement damage and possibly settlement due to the
heavy loading of construction traffic.

Mitigation

Disposal of the spoils would depend upon whether they are clean or contaminated, the type of soil
(coarse-grained or fine-grained), the moisture content of the soil, regional demand for fill soils at the time
the project is undertaken, availability of disposal sites, and other factors. Site-specific analysis,
construction planning and sequencing, and an economic evaluation would be undertaken to determine the
appropriate disposal method prior to construction. Damage to private drives from construction traffic
could be mitigated by repair or replacement of pavement, and regrading as needed, after trail construction.
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4.1.3.4 Excavation and Filling

Impacts

Excavation and filling would be needed to grade and widen areas in order to accommodate width of the
trail. This could involve creation of soil stockpiles, transportation of excavated material to a stockpile or
an off-site location, and filling of a disposal site should excavated soils need to be disposed.

Mitigation

Mitigation would include implementation of BMPs, specifically installing erosion protection and
following the Temporary Erosion and Sedimentation Control Plan for the project. Other mitigation would
include limiting times of hauling and reusing excavated soil elsewhere along the project corridor as
appropriate.

4.1.3.5 Construction of Retaining Walls
Introduction

Under the Corridor or East Alternatives, retaining walls would be needed along many of the locations
where cuts or fills would be made along existing slopes. Walls would be used to reduce the widths of
cuts and fills, in order to minimize encroachment upon existing features such as houses, roads, driveways,
and wetlands. The impacts would include construction of the walls, maintenance of the walls, a potential
for slope instability, and changed drainage courses. The slope stability and drainage issues can be
designed for and thus completely mitigated at wall locations. The relative magnitude of the remaining
impacts would depend on wall type, wall location (construction access, potential over-excavation
requirements, and surrounding conditions), wall height, and wall length. Tables B-1 and B-2 at the end of
this section summarize the proposed stationing where walls would be required, the length of the wall, the
area of wall face (average height times the length), and the most appropriate wall types for the conditions
at that location.

There are numerous types of walls, each with its own advantages and disadvantages, depending on
engineering considerations such as retained earth properties, foundation conditions, height, and
construction access. Other influences such as property ownership, cost, and aesthetics are also factors.
The following sections briefly describe the impacts of each category of wall that could be appropriate for
use on this project.

Impacts of Constructing Walls Used to Retain Cut Slopes

Potential types of walls that could be used to retain cut slopes along the project corridor include:
e soldier pile and lagging walls,
e tie-back walls,
e soil nail walls, and

e gravity walls.

Although constructing any of these types of walls would require removing soil from the site, each of these
walls has different construction needs and techniques and thus different impacts. Construction activities
required to install each wall type are discussed below.
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Soldier pile and lagging wall. Soldier pile and lagging walls are constructed by installing vertical
soldier piles and then placing lagging to hold back the soil (see Diagram B-1). These walls derive their
support from lateral pressure on the soldier piles below the front of the wall. They are particularly
appropriate where there is limited area for structure behind the wall and the foundation conditions are
good. They can be constructed from either the top or bottom of the wall so that the disturbance on the
other side can be minimized.

The soldier piles are usually either driven or auger-cast piles placed on 4- to 8-foot spacing. Driven piles
can be either H-piles or sheet piles depending upon wall height, retained soil, and back slope inclination.
Driven piles can create construction vibrations and possibly settlement near the pile. Auger-cast piles are
pre-drilled. The hole may be cased with the auger or a steel pipe or filled with drilling fluid. Drilling
fluid is usually a naturally occurring bentonite clay-based mud. Steel, usually an H-pile, is placed in the
augured hole and structural concrete is tremied down, as the casing is lifted or displacing the drill fluid. If
drilling mud is used, there is a discharge of bentonite mud in a contained area on the ground surface.

Granular
Backfill

Lagging

Soldier Pile

Cut material

Native Soil
Trail

Diagram B-1. Conceptual lllustration of Soldier Pile and Lagging Wall

After the piles are installed, the soil between the piles is removed and replaced with lagging. The lagging
is generally either treated wood or pre-cast concrete. The small area left between the lagging and the
native soil is then backfilled with a granular material such as pea gravel.

Possible impacts can include vibrations associated with pile driving, settlement from the vibrations,
typical construction impacts from stockpiling and transporting soil, and potential erosion of soil from the
cut face prior to placement of lagging.

Tie-back wall. Tie-back walls are constructed similarly to cantilever walls with the exception that
anchors are installed through the face into the soil behind to hold the wall (see Diagram B-2). The
addition of the anchor involves drilling holes at a downward angle of about 15 to 25 degrees, installing a
steel tendon, grouting an anchor, and backfilling the rest of the hole. The anchor rod is put into tension
against a wailer that spans the front of the wall.
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potential impacts to utilities from tie-back installation. Property ownership and the ability to obtain

Impacts from this method include those associated with soldier pile and lagging walls and additional
easements in the tie-back area are frequently issues.

Lagging
Native Soil
Anchor

Granular
Backfill

Wailer

Soldier Pile
Cut material

Trail

Diagram B-2. Conceptual lllustration of Tie-Back Wall

Soil nails are similar to the anchors in the tie-back wall except there are more of them,

Soil nail wall.

and as each lift is excavated, soil nails are installed (see Diagram B-3). A drainage mat and a reinforcing
grid are placed against the soil face, and a shotcrete facing is applied. Soil nailing is particularly

they are shorter, and they are fully grouted with high-strength grout. The soil is excavated in short lifts,
appropriate when excavation is in very dense soils.

Native Soil

Cut materal

3. Conceptual lllustration of Soil Nail Wall

Diagram B-

Impacts can include general earthwork impacts and impacts from the installation of nails on utilities and

property boundaries.
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Gravity walls. There are many readily available alternatives for gravity walls. Some of the more
common types include filled units such as gabion baskets, segmental concrete units such as Ultra-
block™, Lock-Block™, or ecology blocks and large rocks. These walls are typically excavated in short
segments (along the length of the wall) and the units are then placed with compacted backfill behind the
wall (see Diagram B-4). This type of wall is particularly well suited to areas with a minimum backslope
and space for construction behind the wall. Impacts can include typical earthwork construction impacts,
as defined in Sections 4.1.3.1 through 4.1.3.4.

Granular
Backfill

Concrete
blocks

Cut Material

Trail

Diagram B-4. Conceptual lllustration of Gravity Wall

Impacts of Constructing Retaining Walls Used to Support Fill

Potential wall types for the fill walls along the trail alignments include:

e soldier pile and lagging walls,
e Mechanically Stabilized Earth (MSE) walls,
e gravity walls, and

e cantilever walls.

Each of these walls requires different construction methods and accordingly has different impacts.
Soldier pile and lagging walls and gravity walls were discussed above in the section titled Impacts of
Constructing Walls Used to Retain Cut Slopes. Construction activities for MSE and cantilever walls are
discussed below.

Mechanically Stabilized Earth walls. MSE walls include any wall that relies upon the interaction
between a mechanical device (such as geogrid) and the soil to stabilize the soil and allow it to stand near
vertical. A common type of MSE wall is a geogrid reinforced segmented masonry unit (SMU) wall such
as Lock-Block™ or Keystone™. The wall site is prepared by clearing and grubbing the wall footprint. If
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unsuitable soils are exposed at the wall footing, they are removed and replaced with structural fill.
Generally the over-excavation is limited to immediately under the footprint of the wall. If the wall
footing is in a low-lying area, localized dewatering, typically with sumps and pumps in the excavation,
may be required.

One of the requirements for MSE walls is the need for adequate room behind the wall to lay out the
reinforcing. For some of the potential wall locations, additional room may need to be created (i.e., soil
removed) in order to install the reinforcing. Generally, the reinforcing is tied into the facing units and
holds the facing up (see Diagram B-5). The sequence for construction can involve placing the
reinforcing, backfilling and compacting a lift of fill, placing another layer of reinforcing, tying it into the
facing, backfilling on top of the second layer of reinforcing, and repeating.

MSE walls are particularly well suited for use as high walls where there is a wide bench on which to
construct the wall. They will work under some circumstances where the foundation soils are marginal.

Impacts can include erosion of exposed soils and stockpiles, potential slope instability of the slope to
receive the fill, disposal of potentially turbid dewatering effluent, and construction vibrations from fill
compaction.

Tred Backfill
Geogrid layers \

Masonry Units

Diagram B-5. Conceptual lllustration of MSE Wall

Cantilever walls. Cantilever walls are constructed by building a concrete structure on a prepared surface
and backfilling behind (see Diagram B-6). They are particularly well suited as use for low walls where
the foundation conditions are good. Impacts can include erosion of exposed soils and stockpiles, potential
slope instability of the slope to receive the fill, and construction vibrations from fill compaction.
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Backfill

Native Soil

Cantilever Wall

Diagram B-6. Conceptual lllustration of Cantilever Wall

Summary of Wall Types and Potential Mitigation for Retaining Walls

In general, choosing the most appropriate wall type, designing the wall for the conditions (soil, access,
and space), taking care during construction, and using BMPs would mitigate most of the impacts
discussed above. For example, selection of a wall that can be constructed from the Interim Use Trail or
roadway would reduce impacts to sensitive areas, such as wetlands. Some of the impacts would be
substantive only in certain areas or at certain times (such as vibrations due to pile driving), whereas other
impacts would need mitigation at all times and for all of the Corridor or East Alternatives (such as
controlling construction erosion).

Generally all of the erosion impacts that could result from constructing retaining walls can be mitigated
by proper use of BMPs. Proper wall design that evaluates both the internal stability of the wall and the
overall stability of the slope would mitigate existing slope instability issues at wall locations. For impacts
due to potential vibration from pile driving, a pre-and post- construction photo survey of critical areas or
structures could be completed. Vibration and noise impacts could be minimized by work hour
restrictions, or wall types could be chosen that have small noise impacts when adjacent to acoustically
sensitive areas (homes, wildlife, etc). Additionally, vibration monitoring during construction can help
demonstrate compliance with permit requirements.

Tables B-1 and _B-2 present potential wall types for the Corridor and East Alternatives. Final wall
selection would be made during final design. This list is not intended to limit the final design if new
technologies become available that reduce wall construction impacts.
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Table B-1. Summary of Potential Retaining Wall Types for Corridor Alternative

Station Square Possible Wall Types
Length of Left/ |Footage of
from to Wall (feet) | Right |Wall Face
(est.)
218.60 232.00 1340 Left 3518 MSE or gravity
242.00 255.00 1300 Left 2600 MSE or gravity
242.00 255.00 1300 Right 2600 MSE or gravity
259.50 265.50 600 Left 900 MSE or gravity
282.50 301.00 1850 Left 2467 MSE or gravity
286.50 301.00 1450 Right 677 Cantilever fron; %{/; 8268§ tt(()) 3(;; Gravity from
308.50 311.20 270 Right 135 Gravity
308.50 311.20 270 Left 1080 Cantilever, gravity or MSE
326.00 | 330.50 450 Right 1200 MSE or gravity
330.50 333.50 300 Right 675 Cantilever
332.50 334.50 200 Left 200 MSE or gravity
335.75 351.50 1575 Left 3623 MSE or gravity
348.70 351.70 300 Right 300 Cantilever
353.20 359.40 620 Left 930 MSE or gravity
368.25 374.50 625 Left 1563 MSE or gravity
420.80 421.20 40 Left 80 MSE or gravity
429.30 454.00 2470 Left 6175 MSE or gravity
435.20 440.50 530 Right 795 Gravity
447.50 545.00 9750 Right | 37781 Cantilever or soil nail
462.50 | 467.50 500 Left 1000 MSE or gravity
463.50 469.50 600 Right 550 MSE or gravity
479.00 | 486.00 700 Right 1050 Cantilever
492.50 506.00 1350 Right 11764 Cantilever, possibly needing tiebacks
529.00 537.00 800 Left 2711 MSE or gravity
546.00 | 582.00 3600 Left 9000 MSE or gravity
546.00 582.00 3600 Right 5400 MSE or gravity
559.50 566.50 700 Right 2538 Cantilever
572.50 590.25 1775 Left 4978 MSE or gravity
597.00 619.50 2250 Left 4500 MSE or gravity

Note: Wall stationing was taken from preliminary plans dated 11/12/03. Wall heights were measured from

preliminary profiles and may not reflect the most current plans.
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Table B-2. Summary of Potential Retaining Wall Types for East Alternatives

Square Footage

Station V';g;?g;g:) IR_’?;;H of Wall Face Probable Wall Types
(est.)
from to

219.00 231.00 1200 Left 3920 MSE or gravity
238.00 255.00 1700 Left 8713 MSE or gravity
245.70 255.40 970 Right 1657 MSE or gravity
260.00 266.00 600 Left 1050 MSE or gravity
287.00 300.00 1300 Left 8947 Cantilever
302.00 307.00 500 Left 2179 Cantilever
310.00 312.00 200 Left 833 Cantilever
314.00 315.60 160 Left 640 Cantilever
317.20 322.00 480 Right 1920 MSE or gravity
325.00 332.00 700 Left 8225 Cantilever
335.00 338.00 300 Left 2050 MSE or gravity
340.00 344.00 400 Left 3300 MSE or gravity
346.00 348.00 200 Left 625 MSE or gravity
351.00 354.00 300 Left 2580 MSE or gravity
355.00 376.00 2100 Left 12821 MSE or gravity
428.00 435.00 700 Left 2638 MSE or gravity
435.50 438.50 300 Left 2050 Cantilever
441.00 447.00 600 Left 1636 MSE or gravity
447.00 | 463.00 1600 Left 11718 Cantilever, tied back or bridge
466.00 473.00 700 Left 3344 MSE or gravity
475.50 485.25 975 Right 3900 Cantilever
477.25 482.00 475 Left 4038 Cantilever
491.50 505.00 1350 Right 11230 Cantilever, tiedback, soil nail
507.50 511.50 400 Right 1080 Cantilever
512.50 514.50 200 Right 0 MSE or gravity
518.50 519.50 100 Right 0 MSE or gravity
528.50 533.00 450 Left 1491 MSE or gravity
534.00 537.00 300 Left 750 MSE or gravity
551.00 569.00 1800 Left 18554 Cantilever
565.00 569.00 400 Right 633 MSE or gravity
572.50 590.25 1775 Left 4785 MSE or gravity
597.00 619.50 2250 Left 4500 MSE or gravity

Note: Wall stationing was taken from preliminary plans dated 11/12/03. Wall heights were measured from
preliminary profiles and may not reflect the most current plans.
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41.4 Summary Comparison of Corridor and East Alternatives
4.1.4.1 Corridor Alternative

Impacts

The Corridor Alternative has fewer public access points for construction equipment, which may result in
the need for using more private drives as haul roads and possibly the construction of new access roads.
The walls proposed for the Corridor Alternative are generally shorter and can be constructed with typical
MSE or gravity wall construction (see_Table B-1). This would result in a lower estimated overall cost for
construction of the walls (Table B-3). Fill walls along the Corridor Alternative are likely to be founded
on soft soils that would require over-excavation.

Mitigation

Mitigation would involve implementation of BMPs, and restoration of any damaged pavements of private
drives. Final selection of wall type would be made during detailed design and permitting.

41.4.2 East Alternatives

Impacts

Potential walls for either of the East Alternatives would be taller and more extensive than those for the
Corridor Alternative along those sections where the paved trail would be built along the Parkway or East
Lake Sammamish Place instead of the Interim Use Trail alignment. These taller walls would require
more costly construction methods (Table B-3). There is also the potential for settlement of these
roadways or of buried utilities during construction of the trail, and for utility breakage due to tie-back or
soil nail construction. Note that the costs for wall construction under the East Alternatives shown in
Table B-3 do not include the cost of traffic control that would likely be needed because of the proximity
of these alternatives to East Lake Sammamish Parkway.

Mitigation

Mitigation of potential impacts to the roadways resulting from adjacent excavation during trail
construction would include limiting the length and duration of excavations, and/or using engineered
shoring.

Placing the new trail on a pile-supported bridge structure would be an option in some areas of the East
Alternatives where the new trail is planned to cross a very steep slope and the resulting wall would be
very high. Construction of the bridge foundation could be accomplished from either above or below the
new trail. Generally, the foundation would be either driven or auger-cast piles. The driven piles could be
H-piles, pipe piles, timber piles, or pre-cast concrete piles. Selection of pile type, size, and spacing would
depend upon the soil properties, potential for obstructions, design loads, and availability of construction
materials. Impacts from driving piles would be vibrations and noise. Driving piles requires large
construction equipment and a large laydown area near the wall to store the piles. Installation of a bridge-
supported structure would not improve the slope stability of the slope like an engineered wall would.
Sloughing of over-steepened slopes would continue around the bridge foundation piles.

Impacts to utilities may be mitigated by conducting a three-dimensional survey of utilities prior to design,
calling the utilities locating service to mark utilities during construction, digging test holes to expose
adjacent utilities, and possibly monitoring the utilities during construction with settlement meters. Final
selection of structure types would be made during detailed design and permitting and could further reduce
the impacts. The extent and magnitude of construction-related damages, if any, could be documented by
pre-construction photo surveys of the road condition.
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Table B-3. Comparison of Estimated Costs of Retaining Wall Construction, Corridor and East Alternatives

Walls Common to Both Corridor

and East Alternatives** Corridor East
Wall Size and Type | Est. Average Cost for | Sq Ft of | Length of | Est. Cost | Sq Ftof | Length of Est. Cost Sq Ftof | Lengthof | Est. Cost
(Cut or Fill) Wall Construction (per| Wall Wall (ft) Wall Face | Wall (ft) Wall Face | Wall (ft)
square foot in 2003 $)*| Face
fﬁ;}?ﬁg under 5 ft. $39 9,480 4,030 |$379,180 | 44,100 21,140 | $1,731,360 3,290 1,350 $129,164
Fill wall S to 10 ft $84 0 0 0 0 0 0 | 48860 | 10,510 | $4,110,470
(max ht)
Fill wall over 10 ft $123 0 0 0 0 0 0 | 53,530 6,180 |  $6,604,906
(max ht)
Cut wall less than 10 ft $84 0 0 0 45,450 14,600 $3,823,600 5,610 1,780 $471,955
e all greater than $123 0 0 0| 11,760 1350 | $1451,030 | 11230 | 1350 | $1,385,580
Total| 9,480 4,030 |$379,180 101,310 37,090 $7,005,980 122,520 21,160 $12,702,075

Note: All heights and lengths are estimates based on preliminary plans and cross-sections. All estimated costs are conservative, for conventional construction techniques
and are presented for comparison purposes only, not for construction or bidding.

* Wall costs taken from Seattle Landslide Study in 1997 dollars and converted to 2003 dollars using inflation assumptions taken from “The Inflation Calculator”,
www.westegg.com/inflation, accessed on July 27, 2004. An inflation of 12.17% between 1997 costs and 2003 was used. All dollar values have been rounded

to the nearest dollar and all wall footage estimates have been rounded to the nearest 10.

** The walls common to both alternatives were separated out from each alignment to indicate commonalities between the alignments.
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4.2 CONTINUATION OF THE INTERIM USE TRAIL ALTERNATIVE
Impacts

The Continuation of the Interim Use Trail Alternative would require ongoing ditch and culvert
maintenance, trimming of vegetation, invasive vegetation removal, and repair or replacement of sensitive
areas fencing beyond 2015. Impacts associated with ditch and culvert maintenance may include erosion
due to removal of sloughed material from ditches. Eroded soils could result in increased siltation and
sedimentation of surface waters. Slope instabilities within and in the vicinity of the project corridor could
continue, particularly in steep slopes along the fill embankment for East Lake Sammamish Parkway and
in cuts along the Interim Use Trail. Such instabilities would likely be consistent with those observed in
recent years, such as surficial slides and pavement distress.

Mitigation

BMPs would be used to reduce erosion, siltation, and sedimentation potential. Scheduling ditch cleaning
during periods of less rainfall would allow exposed soil to revegetate and decrease the erosion potential.
(See Appendix C, Fish and Fish Habitat Technical Report, and Section 3.5, Fish Resources, in Chapter 3
of the EIS for discussion of construction timing requirements related to fisheries.) Slopes where
accumulated sediment is removed to prevent ditch infilling would be mulched with straw or matting to
reduce erosion.

4.3 NO ACTION
Impacts

Ditch and culvert maintenance, trail surfacing maintenance (until Interim Use Trail closure in 2015),
trimming of vegetation, and invasive vegetation removal would be conducted for this alternative. As
described for the Continuation of the Interim Use Trail Alternative above, impacts associated with ditch
and culvert maintenance may include erosion due to removal of sloughed material from ditches. Eroded
soils could result in increased siltation and sedimentation of surface waters.

Mitigation

Best management practices (BMPs) would be used to reduce the potential for erosion, siltation, and
sedimentation. Scheduling ditch cleaning during periods of less rainfall would allow exposed soil to
revegetate and reduce potential erosion. (See Appendix C, Fish and Fish Habitat Technical Report, and
Section 3.5, Fish Resources, in Chapter 3 of the EIS for discussion of construction timing requirements
related to fisheries.) Slopes where accumulated sediment is removed to prevent ditch infilling would be
mulched with straw or matting to reduce erosion.
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S. INDIRECT AND CUMULATIVE IMPACTS

5.1 INDIRECT IMPACTS

“Indirect effects” are caused by the action and are later in time or farther removed in distance, but are still
reasonably foreseeable (40 CFR 1508.8). No indirect or secondary impacts are anticipated.

5.2 CUMULATIVE IMPACTS

A “cumulative impact” is the impact on the environment which results from the incremental impact of the
action when added to other past, present, and reasonably foreseeable future actions regardless of what
agency (federal or non-federal) or person undertakes such other actions. Cumulative impacts can result
from individually minor but collectively significant actions taking place over a period of time. (40 CFR
1508.7) Construction of the Build Alternatives would require a large net import of borrow material (sand
and gravel) for use as fill, therefore contributing to the depletion of existing borrow sources over time.
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* Areas within 30 feet of either side of the trail that are not mapped as Deciduous Trees,

Coniferous Trees, or Grassy Field are classified as Urban Matrix. Urban Matrix is a mix
of buildings, asphalt, ornamental gardens, and shrubby/grassy areas with scattered trees.
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