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GEOTECHNICAL ENGINEERING STUDY
BOW LAKE TRANSFER STATION IMPROVEMENTS
FACILITY MASTER PLAN
KING COUNTY, WASHINGTON

1.0 INTRODUCTION

Hong West & Associates, Inc. (HWA) has completed Task 1 of a two-tasked geotechnical
investigation for potential improvements associated with the Bow Lake Transfer Station
Facility Master Plan, King County, Washington. The purpose of this geotechnical
engineering study was to evaluate the subsurface conditions at the site based on existing
information and to provide preliminary geotechnical recommendations for the proposed
building foundations and other aspects of site improvements. '

Based on the results of our study, expansion for the proposed improvements is considered
feasible from a geotechnical prospective provided the recommendations presented in this
report are implemented during design and construction.

1.1 PROJECT DESCRIPTION

The project site is located on Orillia Road (Exit 152) east of and adjacent to Interstate
Highway 5, (Vicinity Map, Figure 1). The existing facilities include a steel framed
covered transfer station facility, trailer parking areas, loading pit ramps, weigh station, and
access roads. Included under the covered roof area are tipping pads, trailer loading bay,
office building, and refuse storage pit. The existing facilities are built over a solid waste
landfill and the structures are supported on pile foundations and spread footings. The
existing facilities and site conditions are shown on the Site and Exploration Plan (Figure
2).

We understand that potential improvements may include (1) constructing compactor units
and conveyors on the north side of the site, (2) constructing trailer loading and parking
areas on the north side of the site, (3) providing additional space for trailer parking on the
south end of the site, (4) widening the east access road, (3) constructing a recycling area on
the south end of the site, (6) constructing a new office building on the southeast side of the
existing office building, and (7) installing a sewer line down the east fill slope. The
widening of the east access road and the additional parking area on the south end of the site
will require construction of a "sliver” fill on the existing slope. The recycling area will
require some minor grading of the area and construction of cut and fill slopes. It is our



HWA Project No. 93112
November 16, 1993

understanding that filling of the existing trailer pit loading ramps on the north end of the
existing building is also being considered.

1.2 AUTHORIZATION

A proposal for the performance of this geotechnical investigation was submitted by HWA
on August 26, 1993. Authorization to proceed was received in a subconsultant agreement
with R. W. Beck, dated September 17, 1993.

1.3 PURPOSE AND SCOPE OF WORK

The purpose of this geotechnical engineering study was to evaluate the existing conditions
of the transfer station site with respect to the potential future improvements. In particular,
emphasis was given to evaluating geotechnical constraints with respect to potential
settlement, slope stability, and probable foundation types. '

Our scope of work was divided into two tasks. Task 1, includes the results of our study
based on previous subsurface investigations in the vicinity of the existing transfer station
facility. Task 2 will be performed at a later date and will include additional explorations to
provide information not available from the previous investigations. Construction of the
additional trailer parking and a recycling area on the south side of the site will be addressed
during Task 2 of our work.

The scope of work for this part of the project (Task 1) included the following:

D Gather, review, and compile information from previous geotechnical and geologic
reports pertaining to the proposed improvements. :

2) Develop profiles based on the existing data. The profiles were drawn to describe
the existing conditions of the soil and solid waste stratigraphy.

3) Evaluate the data compiled from the previous reports and perform preliminary
engineering analyses with respect to the proposed improvements.

4) Prepare this report containing the results of our geotechnical engineering study,
including descriptions of surface and subsurface site conditions, and a site plan
showing locations of the previous investigations. The results of our engineering
evaluation and analyses and our geotechnical engineering recommendations
pertaining to the following items are presented:

93112R.D6C HONG WEST & ASSOCIATES, INC.
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a) Presence and effect of existing solid waste and fill soils, and their impact on
design and construction of the proposed improvements,

b) Recommendations for proposed fill slopes. This includes conducting
landslide and stability analyses for the potential expansion on the south side
of the site,

) Active and passive lateral earth pressures,
d) Foundation types for the proposed structures,
e) General site drainage considerations, and

f) Recommendations for geotechnically-related construction issues.

2.0 BACKGROUND

The Bow Lake Transfer Station Facility is located in King County approximately 14 miles
south of Seattle, Washington, and about 1.5 miles east of the south end of Sea-Tac
International Airport. The existing transfer station occupies approximately 8 acres and is
built over an old landfill site. The site is situated near the top of the west Duwamish
Valley siope approximately 200 feet above the Green River floodplain.

Elevations on site vary from about 270 feet mean sea level (MSL) in the southwest to about
242 feet MSL on the north. The south east corner of the property boundary is at an
elevation of approximately 80 feet MSL. The eastern limits of the refuse may extend down
the slope to at least an elevation of 160 feet MSL, although this has not been confirmed.
The east property slope is generally at an inclination of about 3H:1V (Horizontal: Vertical).
Refuse and fill material is approximately 45 feet thick on the east side of the site while no
refuse was encountered in some explorations on the west end of the site, west of the west
access road.

The following sections describe the information obtained from our review of available
literature.

2.1 AERIAL PHOTOGRAPH REVIEW
Based on aerial photographs and previous reports, the site was originally an old burn dump

as far back as the late 1930's or early 1940's. The site later served as a nonburning dump.
Aerial photographs taken in 1936 show the site as a wooded hill side with no development.

93112R.DOC HONG WEST & ASSOCIATES, INC.
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However, photographs taken in 1946 show a substantial amount of refuse already placed.
Refuse material was initially placed on the northwest side of the site and proceeded east to
its present configuration. Based on the aerial photographs, the east expansion of the
landfill appears to be separated and down slope from the original northwestern dump area.
The landfill was closed in the mid 1960’s, at about the time the oniginal transfer station
facility was constructed. The original transfer station facility was located on the east side
of the existing facility and consisted of a timber supported transfer pit structure. The
existing facility was constructed in the late 1970's. Aerial photographs appear to indicate
that the landfill was constructed in a swale on the slope and directly on the original ground
surface.

2.2 PREVIOUS SUBSURFACE INVESTIGATIONS

There have been several previous geotechnical investigations performed at the site. We
have acquired seven geotechnical reports which document subsurface explorations at
various locations across the site. These reports include: Dames & Moore (1965), Shannon
& Wilson (1976 and 1977), Hong Consulting Engineers (1986), Hong Consulting
Engineers (1987), Hong Consulting Engineers (1988), and Golder Associates (1992).

The subject of these previous reports as well as relevant borings and data are summarized
below. The approximate location of the borings from each report are shown on Figures 2
and 3. Copies of the exploration logs are presented in Appendices A through F.

2.2.1 Dames & Moore (1965)

Dames & Moore conducted a geotechnical investigation in 1965 to explore the subsurface
conditions at the site and to advise on the best location for siting a new transfer station
structure, as well as to provide recommendations for support of the proposed structure.
The investigation included five exploratory borings, two borings near the old dump bay
area (east side of existing facility) and three borings 120 to 220 feet west of the old dump
bay (southwest area of existing facility). The two borings drilled near the pit area ranged
in depth from 41 to 47 feet below the ground surface, and the three borings west of the
existing structure ranged in depth from 30 to 32 feet below the ground surface.

Dames & Moore concluded that the refuse and fill material encountered in the borings on
the west side of the site ranged from 17 to 19 feet thick, and was 31 to 41 feet thick in the
area of the pit. Groundwater was observed in one boring and it appeared to be a locally
perched zone. Dames & Moore suggested that a new facility be built in the vicinity of the
west borings and that the structure be supported by timber pile foundations, except for the
pit area which could be supported on the underlying native soil deposits.

93112R.DOC HONG WEST & ASSOCIATES, INC.
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2.2.2 Shannon & Wilson (1976 and 1977)

Shannon & Wilson conducted a soil investigation in 1976 to explore the subsurface
conditions and provide recommendations for use in design and construction of the existing
transfer station facility. The 1977 report is a revised version of the 1976 report and
reflects changes which were made regarding planned facility construction after the 1976
report was issued. The investigation included seven exploratory borings, six near the
existing structure and one approximately 280 feet southwest of the existing structure at the
location of the originally proposed weigh station (not constructed).

The six borings located near the existing structure encountered refuse material and fill
which ranged from about 12 to 36 feet thick. The boring located southwest of the existing
facility encountered approximately 5 feet of fill material. No consistent groundwater was
observed, however they encountered occasional perched water zones within the fill
materials. They concluded that the structure shouid be supported on pile foundations
(steel, concrete, timber, or auger-cast) and/or spread footings depending on the Jocation of
the final grades for the structure. They expected the south wall, roof support columns,
tipping pads, and storage pit floor to be supported on piles while the north wall and north
roof support columns could be supported on spread footings bearing on dense native sand.

2.2.3 Hong Consulting Engineers (1986)

Hong Consulting Engineers (now Hong West & Associates, Inc.) conducted a geotechnical
investigation in 1986 in support of planned underpinning of the southeast roof column
support damaged due to settlement of the pile foundations. The investigation included four
exploratory borings near the southeast corner of the building.

The borings were drilled to depths ranging from 39 to 59 feet below the ground surface.
Boring 3 encountered an obstruction at 26.5 feet below the ground surface, and therefore is
not shown on Figures 2 and 3. Fill materials encountered in the borings ranged from 24 to
28.5 feet thick. A groundwater observation well was installed in Boring 4 and a water
table, possibly perched, was measured about 50 feet below the ground surface 24 hours
after drilling. No measurable change was observed one week later.

Hong Consulting Engineers concluded that the pile foundations supporting the southeast
roof column were not driven into the recommended bearing stratum and were terminated in
the overlying fill soil. Settlement of the column occurred because the pile tip elevations
were underlain by loose refuse materials. Recommendations were made to underpin the
column with composite steel pipe pile and H-pile sections to minimize future settlements.

93112R.DOC HONG WEST & ASSOCIATES, INC.
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2.2.4 Hong Consulting Engineers (1987)

Hong Consulting Engineers performed pile driving inspections and additional subsurface
explorations in 1987 for the underpinning of the southeast roof support column, pile
support for the east tipping pad, and pile support for the expansion of the storage pit floor.
As part of the southern storage pit floor extension project, three exploratory borings were
drilled to determine subsurface conditions in the area.

The exploratory borings were drilled to depths ranging from 39 to 40 feet below the
ground surface. No groundwater, refuse, or fill soils were encountered in these borings.
All pile locations were predrilled about 25 feet prior to driving piles. At these locations
the subsurface materials were logged based on soil cuttings obtained during predrilling.

Reported pile tip elevations for the southeast roof column support ranged from 215 feet to
217.5 feet. Pile tip elevations for the east tipping pad ranged from 208.5 feet to 216.5
feet. In the area of the pit floor extension on the south end of the storage pit, the pile tip
elevations ranged from 211.5 feet to 224.5 feet.

2.2.5 Hong Consulting Engineers (1988)

Hong Consulting Engineers performed a geotechnical investigation in 1988 to determine
the subsurface conditions and to provide recommendations for improvements to the storm
drain system and expansion of the north trailer parking area. The improvements included
new storm drain lines along the north, south, and east sides of the transfer station structure
and a storm water holding tank on the east side. The trailer parking area north of the
transfer station was to be expanded, regraded and repaved. The subsurface investigation
included five exploratory borings drilled along the alignment of the proposed storm drain.

The two borings drilled in the north trailer parking area encountered between 12 and 18
feet of fill and refuse material. However, the three borings which were drilled to depths
ranging from 39 to 49 feet below the ground surface, along the top of the east slope,
encountered fill and refuse material ranging between 30 and 46 feet thick. Perched
groundwater was encountered in some borings.

Hong Consulting Engineers concluded that the storm drain pipes would experience up to12

inches of additional settlement over the following 10 year period due to settlement of the
loose fill and refuse materials.

93112R.DOC HONG WEST & ASSOCIATES, INC.
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2.2.6 Golder Associates (1992)

Golder Associates performed a subsurface investigation in 1992 to provide
recommendations for the proposed relocation of an 8-inch water main on the west side of
the transfer station facility. Golder provided recommendations with respect to extent of fill
materials on the west half of the site, alignment of the proposed water main, and pipe
foundation support. The subsurface investigation included five test pit excavations, three
hand auger borings, and numerous ground penetrating radar traverses.

Golder Associates performed backhoe test pits and hand auger borings to better define the
west and south limits of the refuse materials. The maximum depth explored was about 15
feet below the ground surface. Hand auger borings were all less than 4.5 feet deep.
Perched water within the refuse material was encountered in one test pit excavation.

Golder Associates concluded that it would be feasible to relocate the water main along the
west edge of the site and that it could be constructed in a trench 2 to 4 feet deep provided
that some settlement could be tolerated. Golder also suggested that overexcavating the fill
materials would further reduce settiements.

2.3 SETTLEMENT HISTORY

The landfill has settled considerably since it was closed in the 1960's. Shannon & Wilson
reported that the King County Solid Waste Disposal Division (SWDD) monitored more
than 3.6 feet of settlement between 1966 and 1976. The report also indicated that since
1975 landfill settlement was increasing at a maximum rate of about 0.02 feet per month or
about 0.24 feet per year, if assumed constant. The settlement can be attributed to (1) loose
placement of refuse, (2) decomposition of refuse materials, and (3) increased loading on
the landfill refuse due to traffic and structures.

Hong Consulting Engineers (1986) reported structural damage caused by landfill settlement
and found that the floor slabs in the vicinity of the southeast corner of the existing facility
had settled up to 15 inches. The southeast column support piling had also settled up to 12
inches thus requiring underpinning to prevent future settiement.

In addition to the distressed conditions observed by Hong Consulting Engineers, Shannon
& Wilson (1976) and Golder Associates (1992) reported substantial cracks in the pavement
on the west side of the facility. The SWDD observed lateral movements on the order of
0.1 feet per year in the pavement on the west side of the site. The cracks were attributed
to landfill settlement. Golder also reported long cracks in the pavement on the west, south,
and north sides of the site.

93112R.DOC HONG WEST & ASSOCIATES, INC.
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Apparently it is regular practice to add fill and/or repave portions of the site to mitigate
settlement problems. The north trailer parking lot was apparently repaved in 1990 to
rehabilitate the pavement structure.

3.0 SITE CONDITIONS
3.1 GENERAL GEOLOGIC CONDITIONS

The project site lies along the west rim of the north-south trending Duwamish valley which
occupies part of the Puget Lowland, a major linear depression trending northward between
the Olympic Mountains on the west and the Cascade Range on the east. The Duwamish
Valley lies within a glacially carved trough sculpted by glacial advances and retreats. The
transfer station facility is located along the upper part of a moderately steep, east facing
slope overlooking the Duwamish Valley. This slope is on the eastern side of & north-south-
trending elevated plain which separates the Duwamish Valley from the Puget Sound. The
slope on which the transfer station facility is situated, as well as the elevated plain and
valley, are relics of past glacial activity in the Puget Sound area (Waldron, 1962).

Kame Terrace deposits make up most of the Duwamish Valley west wall. These deposits
were laid down by ice-marginal streams flowing between higher ground on one side and
glacial ice on the other. Kame Terrace deposits primarily consist of silty sand and pebble
to cobble gravel, but may locally consist of lenses and pods of till and lenses and beds of
silt, sand, and clay. The Kame Terrace deposits reach a maximum elevation of
approximately 400 feet near Angle Lake, about one mile west of the site. Glacial till,
recessional outwash, and local areas of advance outwash make up most of the soil deposits
on the elevated plain between Puget Sound and the Duwamish Valley.

Erosion since the last glaciation has modified the upland slopes and elevated plain
somewhat. Surface drainage on the uplands is poorly integrated, local undrained
depressions are numerous, and few streams have incised appreciably into the landscape.
Angle and Bow Lakes are depressions apparently fed by local runoff only. A minor ravine
incised by a small stream is located on the south side of the project area.

Numerous sand and gravel pits were mined along the west slope above the Duwamish

Valley within the Kame Terrace deposits. Sand and gravel from these pits have been used
extensively as aggregate and fill.

93112R.DOC HONG WEST & ASOCIATES, INC.
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3.2 SURFACE CONDITIONS

The topography in the area has been extensively modified by previous landfill operations
and construction of Interstate Highway 5. Based on review of aerial photographs, the
landfill was constructed near the top of the west valley slope. Construction of I-5, west of
the site, leveled the topography and waste fill was placed in areas northwest of the transfer
station facility.

The slope on which the site is situated is at an inclination of about 8H:1V. However, the
slopes on the east side of the transfer station facility are much steeper, about 3H:1V
between elevation 160 and 240 feet (refuse fill siope), and about 2H:1V below elevation
160 feet. Local areas along the slope have inclinations near or steeper than 1H:1V,

A HWA geologist visited the site and noted several areas which exhibited settlement. The
most obvious indications of recent settlement were visible in the pavement. Four areas
with significant pavement cracks were noted during our site visit as listed below:

1. A large settlement crack, approximately 260 feet long, is oriented roughly parallel
along the middle to south end of the west access road. The crack is generally % to
14 inch wide and the east side of the crack has approximately 2 to 4 inches of
relative downward movement.

2. Two cracks, totaling about 25 feet in length, are oriented subparallel to the south
commercial tipping pad entrance road, approximately 120 feet south of the
southwest corner of transfer station structure. The cracks are about % inch wide
and roughly 1 inch of relative vertical movement has occurred across the cracks.

3. Two cracks, totaling about 50 feet in length, are oriented roughly north-south near
the top of the west trailer loading pit access ramp. The south end of the cracks
terminates in a fatigue cracked pavement area.

4. Four areas along the east access road have significant settlement cracks. The cracks
extend from east of the southeast side of the building northward to the east side of
the north trailer pit loading exit ramp. These four areas typically consist of a series
of smaller cracks oriented in a linear pattern roughly paraliel to the west access
road. The cracks are typically % to ' inch wide and up to 1 inch of relative
vertical displacement was observed.

The cracks described, described as Items 1 and 3 above were also noted by Golder

Associates (1992), however the cracks appear to have increased in length. Golder did not
mention the cracks described as Items 2 and 4.
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3.3 SUBSURFACE CONDITIONS

The subsurface conditions encountered during the previous soil investigations consisted of
three general material types; fill soil, refuse, and Kame Terrace deposits, as described
below.

3.3.1 Fill Soil

Fill soil was typically encountered at and within a few feet of the ground surface across the
site. The fill soil encountered at the ground surface was probably part of the fill cover
over the old landfill as well as new fill placed during construction of the transfer station
facilities. The fill soil typically consists of loose to medium dense, brown, medium to fine
sand, with gravel and silt. Some gravelly sand zones were also encountered. Fill deposits
were encountered locally at depth within the refuse materials. The fill soil within the
refuse was probably daily cover material placed during the old landfill operation, or fill
soil from demolition or other activities.

3.3.2 Refuse

Refuse materials were encountered in most of the borings. The refuse deposit thickens
from west to east across the site towards the east slope, with maximum measured refuse
depth of 46 feet. The refuse typically consisted of varying amounts of paper, glass,
plastic, metal, asphalt fragments, construction debris, and organic debris. Soil content
varied from refuse with no soil, to refuse containing predominantly soil.

As part of our study, we estimated the bottom contours of the landfill, as well as the lateral
extent of the refuse materials. The estimated lateral and vertical extent of the refuse
materials is shown on Figure 3. These estimates were based on aerial photographs and the
previous subsurface investigations. Bottom contours of the refuse material were only
estimated in the areas where subsurface information was available. The vertical extent of
the refuse and fill materials are also shown on the Generalized Geologic Cross Sections,
Figures 4 through 9.

The limit of the refuse is generally bound by the west access road, the south fill slope, and
the bottom of the east fill slope. The northern refuse limits extend beyond the north
property boundary and subsurface information was not available in that area. Based on
aerial photograph interpretations, the northern limits of the refuse may extend a few
hundred feet beyond the north property line. The original landfill operation, northwest of
the project boundary, is not shown on Figure 3 and was not included as part of this study.

10
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The fill and refuse materials are typically 15 to 35 feet thick beneath the site. The west
access road is underiain by up to 15 feet of material. The south access road is underlain by
as much as 36 feet of fill and refuse material near the eastern end. The western end of the
south access road is underlain by little or no refuse material, although up to 5 feet of fill
soil was encountered. The central and west end of the north trailer parking area is
generally underlain by 12 to 15 feet of loose material, while the east end is underlain by up
to 30 feet of fill and refuse. The thickest refuse and fill deposits were encountered on the
east side of the facility, under the east access road. In this area up to 46 feet of loose
material was encountered near the middle of the east access road. The north and south
ends of the east access road are underlain by up to 35 feet of fill and refuse.

The transfer station structure is underlain by thick deposits of fill in some areas, while
other areas are underlain by thick deposits of refuse. As shown on Figure 8, the east side
of the facility is generally underlain by about 20 feet of fill soil over approximately 10 to
12 feet of refuse. The thicker fill on this side of the facility is apparently associated with
the original transfer station facility. The west side of the transfer station facility is
typically underlain by less than 5 feet of fill soil over 15 to 20 feet of refuse, as shown on
Figure 9. On the south side of the storage pit glacial deposits were encountered at higher
elevations than other areas. The glacial deposits were encountered at about elevation 240
feet near the bottom of the storage pit.

3.3.3 Kame Terrace Deposits

Glacial deposits were encountered in all the subsurface explorations which penetrated
through the fill and refuse materials. The glacial deposits may be identified as Kame
Terrace deposits, however several of the previous reports identify them as glacial outwash
and/or till deposits. The glacial deposits typically consisted of medium dense to very
dense, gray, medium to fine sand. Some of the sand deposits also had varying amounts of
silt and gravel. Generally the upper 5 to 10 feet of the glacial deposits varies from
medium dense to dense, while the deposits below this are typically dense to very dense.

From the reported subsurface information for each boring we were able to estimate the
contour lines for the bottom surface of refuse materials. The contours of the lower limits
of refuse are shown in red on the Refuse Limits and Cross-section Location Plan, Figure 3.
Six subsurface profiles, Figures 4 through 9, were constructed across the site based on
information from the previous reports. The locations of the cross-sections are also shown
on Figure 3.

, 11
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3.4 GROUNDWATER

Most of the reports indicate that local perched groundwater zones exist throughout the fill
and refuse material. As discussed previously, Hong Consulting Engineers (1986) Boring
No. 4, encountered a water table which was measured about 50 feet below the ground
surface 24 hours after drilling and no measurabie change was observed one week later.
However, this may also be a perched groundwater system.

4.0 CONCLUSIONS AND RECOMMENDATIONS
4.1 SETTLEMENT

In our opinion, and based on site observations, substantial future settlements should be
expected and measures should be taken to accommodate these settlements. Pavements
(existing and new) over refuse areas will probably continue to experience distress.
Buildings or structures sensitive to settlement should be founded on the dense glacial
deposits. Less sensitive structures and some utilities which can tolerate larger settlements
may be placed on or within the loose fill or refuse materials.

4.2 FOUNDATIONS

Based on the final configuration of the planned improvements, new structures and buildings
should be supported on shallow spread footings or pile foundations. We anticipate that
construction of a new office building near the southeast corner of the site will require the
use of pile foundations due to the depth of refuse and fill materials. Construction of new
facilities and/or expansion of the existing facilities on the north end of the existing transfer
station structure may require the use of pile foundations or both pile foundations and

spread footings.

4.2.1 Spread Footings

Spread footings may be used in areas where shallow excavations extending to dense glacial
deposits are feasible. In the vicinity of the trailer loading pit on the north end of the
building, native soils may be located at shallow depths relative to the elevation of the
existing trailer loading area. The native soils may be encountered at elevations between
224 and 235 feet. The fill and refuse deposits become deeper along the east side of the
north end of the existing structure. Refuse in this area may be encountered at
approximately elevation 216 to 220 feet.
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In areas where native glacial deposits exist at shallow depths, it may be possible to support
structures and retaining walls on spread footings. If the footings are founded in
undisturbed dense glacial deposits, we anticipate that maximum allowable soil bearing
pressures between 2,500 pounds per square foot (psf) and 4,000 psf may be appropriate.
The footings should be a minimum of 12 inches wide and embedded a minimum of 18
inches below the lowest adjacent grade.

4.2.2 Deep Foundation Alternatives

Pile foundations will be required in areas underlain by thicker deposits of refuse and/or
loose fill soils. We anticipate that pile foundations in conjunction with grade beams will be
necessary to support new structures located near the southeast corner of the existing
structure and on the north end of the existing facility. The pile foundations should be
embedded at least 5 to 10 feet into the dense glacial deposits.

Based on the existing information, we anticipate that pile tip elevations in vicinity of the
southeast corner of the existing structure should be at elevations between approximately
210 and 215 feet. The top of the glacial deposits varies between elevations of about 220
and 230 feet. The glacial deposits are encountered at higher elevations, approximately 240
feet, near the center of the south side of the structure. Shallower pile tip elevations may be
sufficient, depending on the configuration of potential buildings in this area.

Structures located north of the existing transfer station structure (north trailer parking area)
should also be founded on pile foundations. The glacial deposits were encountered at
elevations between approximately 215 and 230 feet in this area. The glacial deposits-
contact appears near elevation 230 feet on the west side of the north parking area and
remains relatively horizontal eastward towards the middle of the parking area before
dropping off to elevation 215 feet on the east side of the parking area. Pile tip elevations
will likely range between 205 and 220 feet in this area.

Downdrag loads will develop along the sides of piles due to continuous settlements within
the refuse and fill soil. The aliowable load carrying capacity of the piles will be reduced
by the downdrag loading. We recommend that downdrag loads be subtracted from the pile
capacities prior to applying a factor of safety to determine the allowable pile capacity. If
the existing trailer loading pit access ramps are to be filled as part of potential site
improvements, we recommend that the fill be placed prior to installing pile foundations.
Lateral loading of piles, due to lateral movements of the landfill materials after pile
installation, should also be considered in design.

Obstructions may be encountered in the landfill refuse during pile driving or placement.

Obstructions were encountered in some of the previously reported subsurface explorations.
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If obstructions are encountered during driving or placement of piles, then the pile locations
should be moved and additional piles driven, or the pile locations should be predrilled.
Piles which meet refusal prior to reaching their recommended pile tip elevations should not
be used as foundation support.

Piles types may consist of driven timber or precast concrete piles, driven steel pipe or H-
piles, auger-cast piles, or drilled caissons. The foundation support for the existing
structures originally consisted of treated timber piles, however the southeast roof support
column was later underpinned with steel pipe piles. Where the storage pit area was
extended southward, the structure was supported by steel pipe piles.

Driven Piles

Treated timber piles typically have allowable capacities between 10 and 30 tons per-pile.
Obstructions may cause difficulties when installing timber piles because high driving
stresses may be induced and damage to piles may result. Timber piles are probably the
most economical driven pile type. We recommend that timber piles be considered due to
their economy.

Precast concrete piles typically have allowable capacities between 30 and 50 tons. Itis
possible to damage precast concrete piles during driving due to high stress concentrations.
This pile type is not recommended for the site conditions, but could probably be installed
with pre-boring techniques.

Steel pipe and H-piles typically have allowable capacities between 40 and 80 tons,
depending on size, depth, and soil conditions. Steel piles can be subjected to higher
driving stresses and therefore light to moderate obstructions may be penetrated. However,
steel is vulnerable to corrosion and therefore we recommend that steel piles should not be
used for the design.

Auger-Cast Piles

Auger-cast piles typically have allowable capacities between 20 and 50 tons, depending on
diameter. The piles can be reinforced with steel H-sections or rebar cages. When large
voids exist in the solid waste or when the refuse is porous, grout can migrate into the waste
and create high negative friction along the pile. However, auger-cast piles are probably
the most economical pile type, therefore we recommend that auger-cast piles be
considered.
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Drilled Caissons

Drilled caissons are subject to sloughing of side wall materials and are required to be cased
in order to clean the bottom for end-bearing piles. Perched water and gases within the
refuse and fill materials can also present major construction problems. Therefore, we do
not recommend use of drilled caissons or any other type of bored piles.

4.3 RETAINING WALLS

Where retaining walls are used on the site, they should be founded upon structural fill,
glacial deposits, or piles. Retaining walls should be provided with drainage systems to
prevent buildup of hydrostatic pressure. The walls should be designed using lateral earth
pressures appropriate for the materials retained.

1t may be possible to construct smaller noncritical retaining walls, which can accommodate
a significant amount of settiement, directly on the refuse deposits.

4.4 CONCRETE SLABS-ON-GRADE

Concrete slabs-on-grade will undergo potentially severe settlements if constructed directly
on refuse and loose fill materials. In areas where thick refuse and loose fill deposits exist,
the concrete slabs should be pile supported with grade beams or structurally supported by

building foundations.

In areas where the slabs-on-grade can be supported by properly compacted fill over glacial
deposits, then prior to constructing concrete slabs-on-grade, surficial soils should be
scarified and properly compacted. Scarification and compaction will not be required if
floor slabs are to be placed directly on recently-placed compacted fill.

4.5 SLOPES

Fill slopes constructed over refuse and loose fill materials will increase the overburden
pressure on the underlying compressible materials and increased settlement will likely
occur. Potential widening of the east access road may require several feet of additional fill
on the east side of the road (Figure 4). This additional fill placement will likely increase
settlement in the immediate vicinity of the fill and differential settlement between the new
section of the road and the original section may occur. Settlement can be reduced by
minimizing fill heights.

We evaluated the potential widening of the east access road by 20 feet, and in our opinion,

the slope should be relatively stable when considering overall (gross) stability. However,

15
93112R.DOC HONG WEST & ASSOCIATES, INC.



HWA Project No. 93112
November 16, 1993

lateral movement induced by fill placement may occur. In our opinion, the lateral
movement should not be detrimental to the transfer station facility. Some maintenance of
the access road should be anticipated including possible re-paving and/or re-grading at
periodic intervals. Planned fill slopes should be thoroughly evaluated once schematic
designs are finalized.

Fill should be properly placed and compacted, and the slope should be properly benched
prior to placing fill as part of the road widening.

4.6 FILL AREAS

Areas which may receive fill as part of the potential improvements wili also promote
increased settlement. Fill areas should be kept to minimal heights if possible. Areas
which may receive substantial amounts of fill should be evaluated carefully to determine
the effects of additional settlement with respect to the existing structures.

If the loading pit access ramps are backfilled with fill soils as part of the improvements on
the north side of the existing transfer station facility, then settlement should be expected.
Differential settlement between the fill soils and adjacent refuse materials may occur. In
areas where fill soils may overly the access road fill slopes, substantial settlement and an
increased rate of settlement of the refuse material may result.

4.7 SEWER LINE

It is feasible to construct a sewer line down the east slope provided appropriate
geotechnical recommendations are followed. Part of the sewer line will be embedded in
solid waste fill. Not only will the landfill continue to settle, but eastward lateral
movements near the top of the slope can potentially separate pipe joints if not accounted
for during design. Therefore, it should be designed to be as flexible as possible to
accommodate potential future settlements on the east slope. The sewer pipe should also be
designed to accommodate some lateral movements near the top of the embankment by
employing telescoping joints. Periodic pressure testing may also be necessary.

4.8 EARTHWORK

Site preparation should begin with the removal of all deleterious matter, asphalt, concrete,
and vegetation, and exportation of the debris from the construction area. We recommend
that the upper 2 feet below pavement sections consist of compacted granular structural fill.
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We anticipate that the on-site materials can be excavated with light to moderate effort using
heavy duty construction equipment. It is anticipated that perched groundwater will be
encountered randomly throughout the refuse materials.

4.9 DRAINAGE PROVISIONS

Adequate drainage provisions, both short and long term, should be incorporated into
project design and construction. Measures should be taken to avoid ponding of surface
water during construction. If possibie, it is recommended that grading operations be -
performed during the drier summer months.

Water should not be allowed to pond on pavements or adjacent to building foundations.
Existing cracks in the pavement should be repaired to prevent drainage of surface water
into the landfill which can promote increased settlement, as well as additional leachate
generation. Adequate surface gradients and drainage systems should be incorporated into
the final design to conduct surface runoff away from structures and pavements and into
swales or other controlled drainage devices. Vegetative erosion protection should be
established. Drainage systems should be maintained in the future by the owner.

4.16 GAS VENTING

Organic waste materials deposited in the landfill will undergo anaerobic decomposition
soon after placement. Methane and other gases are commonly generated as a by product
from the decomposition process. High concentrations of methane gas can accumulate in
voids under structures and buildings and if trapped, explosions and fires can result.
Therefore, we recommend that appropriate measures be included in the design for venting
gases which may accumulate beneath structures and buildings constructed over refuse
materials.

5.0 UNCERTAINTY AND LIMITATIONS

This geotechnical literature search and review was planned and conducted in accordance
with generally accepted engineering standards presently practiced within this geographic
area. The conclusions, recommendations and opinions presented herein are (1) based upon
our evaluation and interpretation of previous findings by others, (2) based upon an
interpolation of subsurface conditions between the previous exploratory borings, and (3)
based upon our understanding or potential future site improvements as described herein.
The recommendations contained in this report are also based on the assumption that the soil
and refuse conditions, as depicted in the previous reports, are representative of actual
conditions throughout the subject site. This report should be used for planning purposes
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only. A comprehensive geotechnical engineering investigation which addresses specific
future improvements should be used for final design.

Experience has shown that subsurface soil and groundwater conditions can vary radically
over small distances. Inconsistent conditions can occur between explorations and not be
detected by a geotechnical study.

The findings and recommendations of this report were prepared in accordance with
generally accepted professional principles and practices in the fields of geotechnical
engineering and engineering geology. No warranty, expressed or implied, is made.
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January 16, 2004
HWA Project No. 2003-008-21

R.W. Beck
1001 Fourth Avenue, Suite 2500
Seattle, WA 98154-1004

Attention: Mr. Karl Hufnagel, P.E.

SUBJECT: Draft Geotechnical Evaluation Report
WSDOT Property
Bow Lake Transfer Station/Recycling Facility
King County, Washington

Dear Sir:

As authorized, HWA GeoS&gm&l TIACALY, y
evaluation of the WSDOT]] ‘property located 1mmed1ately north of thBow Lake Transfer
Station. This investigation ; the-Eng

Implementation, spec1ﬁcaf.ly
property, and identifies ge?t Gl i) gt Kig
deliberations in respect to | urchasmg the property for expandmg these)ﬁstmg facility.

L e o B e Wmﬁ%ﬂwg

We appreciate the opportunity to provide geotechnical services on this project. Please
review and comment on the attached draft report, and call if we can be of further service.

Sincerely,

HWA GEOSCIENCES INC.

Brian E. Hall, P.E.
Senior Geotechnical Engineer

BEH:SHH:beh
Enclosure: Geotechnical Report
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DRAFT GEOTECHNICAL EVALUATION REPORT
WSDOT PROPERTY
BOW LAKE TRANSFER STATION/RECYCLING FACILITY
KING COUNTY, WASHINGTON |

1.0 INTRODUCTION

1.1 GENERAL

This report presents the results of a geotechnical evaluation of the WSDOT property
located immediately north of the Bow Lake Transfer Station. The evaluation was
undertaken as part of the Facility Master Plan Update and Implementation. It specifically
addresses general geotechnical conditions on the WSDOT property, and identifies
geotechnical constraints that may impact King County’s deliberations in respect to
purchasing the property for expanding the existing facility.

| Development.

1.2 PROJECT UNDERS AN ;

This work was performed gnderiimg-Eounty-ContractNo=E23¢ }% Task 2 - Data
Collection, Evaluation and

il

Lt}
(s R L

The site vicinity is shown in Figlire l‘ﬁind" s;ftéimlay Shown in Fi gme 2. Atthe time of
preparing this geotechnical evaluation report, only very preliminary foncepts had been
developed for using the WSDOT property. We understand that future uses of the
property may include placing the facility entrance and scale plaza on the north of the
property, routing the entrance road around the west, north and east sides, and using the
central portion of the site for transfer trailer parking and maneuvering. Common to all
future development plans for the property is the need to remove a large amount of
existing fill to provide grade elevations compatible with those in the existing facility. For
this evaluation an average final grade of El. 250 feet has been used to determine potential
geotechnical impacts. This final grade requires the excavation and removal of up to 55
teet of fill material. Excavated fill material must be disposed off-site because very little

additional fill is required for future development of the facility.

HWA GeoSciences Inc. (HWA) previously undertook a geotechnical study of the existing
facility and prepared a geotechnical report entitled “Geotechnical Engineering Study,
Bow Lake Transfer Station Improvements, Facilities Master Plan, King County,
Washington™. This previous study covered the existing facility, but a single boring (BH-
1) was located on the WSDOT property. The soil profile log was presented in a
Technical Memorandum dated March 4, 1994, and is also included for reference in
Appendix C.
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2.0 FIELD EXPLORATION AND LABORATORY TESTING

2.1 FIELD EXPLORATION

HWA performed subsurface explorations at the site on October 9 and 10, 2003. Drilling
was undertaken by Holocene Drilling, Inc. of Fife, Washington, under subcontract to
HWA. The explorations located in easily accessible areas (BH-2 and BH-5) were
undertaken with a Mobile B-61 truck-mounted rig, while difficult to access locations on
sloping ground (borings BH-3 and BH-4) were drilled with a Simcoe 4000 tracked drill
rig. All four borings were advanced under the full time supervision and were logged by
an engineering geologist from HWA. During the field investigation, soil samples were
classified in the field and pertinent information, including sample depths, stratigraphy,
soil engineering characteristics and ground water occurrence was recorded.
Representative soil samples were returned to our Lynnwood, Washington, laboratory for
further examination and laboratory testing.

Approximate boring locatlns are shown on the Slte and Eprorat:o 14 Plan (Figure 2),
which is an extract from a gopgg.ra hical.site sur%ey p;:. .; ,d to.H QA by R.W. Beck on
December 16, 2003. It shciu  the rm’ § ate approximate because
of dlscrepanmes between the ‘ : '

i

The borings were advanced using a inside diameter, contimuous flight, hollow-
stem auger. At intervals of 5 feet within each boring, a Standard Penetration Test (SPT)
was undertaken using a 140-pound hammer. In the SPT, a sample is obtained by driving
a 1.5-inch O.D. sampler 18 inches into the soil with the hammer free-falling 30 inches.
The number of blows required for each 6 inches of penetration is recorded. If more than
50 blows is recorded for a single 6-inch interval, the test is terminated, and the blow
count is recorded as 50 blows for the number of inches penetrated. This resistance, or N-
value, provides an indication of the relative density of granular soils and the consistency
of cohesive soils.

A legend of the terms and symbols used on HWA exploration logs is given in Appendix
A, (see Figure A-1). The summary boring logs for BH-2 through BH-5 are also included
in Appendix A (see Figures A-2 through A-5). The soil boundaries indicated on the logs
as distinct lines are interpreted between sample intervals and, accordingly, may not be
precisely where indicated. Moreover, soil contact boundaries are often transitional in
nature and not distinct as implied from the log representation. The soil and ground water
conditions depicted on the exploration logs are also only for the specific dates and
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January 16, 2004
HWA Project No. 2003-008-21

locations reported and, therefore, are not necessarily representative of other locations and
times.

2.2 LABORATORY TESTING

Laboratory testing of samples retrieved from the borings included moisture content,
particle size analysis, Atterberg limits, moisture/density, ash and organic content, and
resistivity. In addition, TCLP testing was undertaken on a composite sample of “refuse-
like” material to determine disposal requirements. Details of the laboratory test methods
used and a summary of the test results are presented in Appendix B.

3.0 SITE CONDITIONS

3.1 S1TE DESCRIPTION

The WSDOT property is located 1mmed1ately north of the ex1st1ng Bow Lake Transfer
Statlon agalnst the eastern BIHE6THO g STHE

topographic relief ranges fir'orm
valley floor. %

The property is dominated by a large ﬁIl stockplle that was pIaced sometime after BH-1
was drilled by HWA in February 1994. No historical information was provided on the
stockpile material, except WSDOT has stated that the stockpile contains fill material and
“there should be no surprises”. However, we observed cobbles, boulder and concrete
fragments of up to about 1.5 feet in size in the sides and top surface of the stockpile.

Figure 3 shows an east-west profile drawn through the site. Existing site elevations vary
from an average top of stockpile elevation of about 304 feet (there is a local high on the
north of the stockpile of 314 feet) to about 276 feet against northbound I-5 and about

230 feet along the eastern property line. The dimensions of the top of the stockpile are
about 300 feet by 220 feet. The side slopes are relatively steep as can be seen in Figure 3
and amount to about 60% (about 1.7H:1V). A small roadway provides access from I-5 to
the top of the stockpile.

Vegetation on the property consists of grass on the side slopes of the stockpile, and
mostly Himalayan blackberry, Scots broom, and alders along the lower slopes. Such
vegetation is typically associated with recently disturbed sites. The very dense
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blackberry thickets along the lower parts of the site contributed to limited site access.
The top of the fill was sparsely vegetated.

No evidence of fill instability was observed, even along the slope crests where sloughing
typically occurs in uncompacted fills.

3.2 GENERAL GEOLOGY

The geology of the Puget Sound region includes a thick sequence of over-consolidated
glacial and unconsolidated non-glacial soils overlying bedrock. Glacial deposits were
formed by ice originating in the mountains of British Columbia (Cordilleran ice sheet)
and from alpine glaciers which descended from the Olympic and Cascade Mountains.
These ice sheets invaded the Puget Lowland at least four times during the early to late
Pleistocene Epoch (approximately 150,000 to 10,000 years before present). The southern
extent of these glacial advances was near Olympia, Washington. During periods between
these glacial advances and after the last gla01at10n portions of the Puget Lowland filled
with alluvial sediments depasitad-byrivanss theswestermslapes of the Cascades
and the eastern slopes of e Olympics. The most recent glacial advance the Fraser
Glaciation, included the Va.sh 7

ice sheet advanced and retEeat_f' ’
surficial geology and hydre_?geﬁilogsﬁ

Eodins g

advance and retreat of the Vashon 1cé sheet

bk !53:54.

Surficial geological mformat talned partly from the published
geological map; “Geologic Map of the Des Moines Quadrangle, King County,
Washington.” (Waldron, 1962). The map indicates that the plateau west of the site, upon
which SeaTac International Airport, and the cities of SeaTac, Burien, and Des Moines
reside, is predominantly mantled by Vashon till. This material was deposited as a
discontinuous mantle of ground moraine beneath glacial ice on the eroded surface of
older deposits. Soils defined as Vashon till consist of an unsorted, heterogeneous mass of
silt, gravel, and sand in varied proportions. The till is of high density/strength due to
glacial over-consolidation, and typically has low permeability.

The surficial geology of the slope forming the side of the river valley, which includes the
subject site, is mapped as kame-terrace deposits. This material consists of stratified sand
and gravel that was deposited by meltwater streams flowing from receding glacial ice,
and is deposited against or close to the ice as Ice-Contact Stratified Drift. Inclusions of
till are common, typically discontinuous and of limited thickness. In the past, these
kame-terrace deposits were frequently mined for sand and gravel pits.
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33 SUBSURFACE CONDITIONS

During an onsite meeting held with R.W. Beck to select boring locations, it was decided
to limit the length of boring through the recent fill because of the presence of potential
obstructions and because most of this material would be removed and not used in the
future development. Based on this meeting, two borings (BH-2 and BH-5) were drilled
on the western side of the property adjacent and at similar grade to the wide gravel
pullout next to I-5. These borings encountered 2 to 3 feet of recent fill over native soils.
The other two borings (BH-3 and BH-4) were drilled near the toe of the recent stockpile;
BH-3 on the south side near the existing transfer station, and BH-4 on the eastern slope.
Both of these borings encountered a few feet of recent fill over 28 to 33 feet of old fiil
with refuse, above native soils. The subsurface conditions encountered in BH-3 and BH-
4 were similar to those encountered in BH-1 (drilled in 1994).

Following are brief descriptions of the soil deposits encountered in our explorations, in
the order of stratigraphic sequence by which they were deposited or placed, with the
youngest unit described first;

-.T:L-e=-=
.: §
* Recent Fill - Fachjof the borings enco _tered on-or zanic silty gravel with sand
to silty sand with gav%? (Unifigd 8pil Cligsi atu;ﬁ'?o EGM ?b SM) at the ground

% samplg of re.;f;ent fill from boring
ted ’tﬁﬁ‘&t coEble boulder and

¢ Older Fill with Refuse — The older fill is recognized by a blackish-brown color.
Older fill was encountered in BH-3 and BH-4, and consisted of silty and sandy
gravel to siity gravelly sand (Unified Soil Classification of SM to GM) with
variable amounts of glass and metal, and rarely plastic inclusions. The blackish-
brown color likely reflects its organic content (ranges from 1.9 to 5.6% based on

laboratory tests) and from burning of the refuse. The site history of the adjacent

transfer station property indicates that much of the refuse on that site was
disposed of by burning.

e Outwash/Ice-Contact Stratified Drift — Each of the borings were advanced
through recent and older fill into native glacial soils, consisting of stratified clean
sand (Unified Soil Classification of SP), and till and silty sand (Unified Soil
Classification of SM to GM), of variable density. The stratified character, varied
texture, and variable density are consistent with an ice-marginal origin; e.g. at the
edge of an ice-filled valley during glacial retreat. The deposits can also be
classified as a kame-terrace deposit.
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34 SUMMARY OF BORINGS

Table 1 summarizes details of the borings, and Figure 3 shows a geological profile

through the property:

Table 1. Summary of Conditions Encountered in the Borings

29.5 Medium dense, fine to medium sand
BH-1 273 6.5 44 .
(243.5) with silt and gravel
BHL2 279 3 .Weathered ll' grading to till over
276) P%caemn&ct gnﬁ
1F 3
Loosetto mjé%iium dense, silty
gravelly sarifl with refuse inclusions
BH-3 275 i .
over dense, #ine to clean sand, ice-
contact drift
35 Thin layer of medium dense fili
BH-4 286 @51) 1 49.5 over medium dense, clean fine to
medium sand, ice-contact drift
2 No fill Medium dense to very dense, fine to
BH-3 279 .. 41.5 . . .
277 remaining medium sand, ice-contact drift

.* Based on average final grade of El. 250 feet.

Figure 3 indicates that the surface of the native glacial material is deeper near the center
of the property compared to the eastern side. While this could reflect inaccuracies in the
boring locations and elevations, it may indicate that the property was originally a borrow
pit that was subsequently filled. In the previous HWA geotechnical report on the
adjacent transfer station site, it was suggested that the area was previously a swale before

landfilling.

2003008-21 Bow Lake WSDOT Property Draft Report.doc
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35 GROUND WATER

No ground water was encountered in any of the borings (both current and previous) at the
time of drilling. Because of the need to excavate to substantial depth below existing
ground surface, however, standpipe piezometers were installed in borings BH-4 and BH-
5 to allow long-term monitoring, to determine whether elevated water tables could impact
excavation and design of structures on the property.

No water was encountered in these piezometers shortly after installation. We recommend
that the next set of readings be undertaken at the end of the winter when the water table
should be at the highest elevation.

4.0 DISCUSSION AND CONCLUSIONS

4.1 GENERAL
This preliminary investigationshows.thatthe-site-prasent s .g)f a large stockpile of

recently-placed fill (placed sometime since 1994) over successive layers of older fill
containing refuse and ash aT 2 wﬁTé rlie*f'f!qg’ gmal geposns No ground
Higuratlon of the upper
sghatthe s ] ev?tfously have been
used as a borrow pit prior go landﬁlhng The prevmus study undert:%en by HWA on the -
existing transfer station siteindigated.that.the transfer.station. site wa originally a burn
dump dating back to the late 193 Os/early 1940s Prior to 1936 the entire area was a
wooded hillside.

It should be noted that this is a preliminary geotechnical assessment and further
explorations will be necessary at a later stage, especially if development is planned along
the eastern edge of the property. During the cutrent investigation, drilling was not
undertaken along the extreme eastern portions because of the steeply sloping ground.
Also, as discussed previously, drilling through the recent fil] was limited because of the
presence of cobbles, boulders and concrete rubble. If the County decides to pursue the
purchase of the property, test pitting should be undertaken to obtain a better indication of
the characteristics of the recent fill (especially the amount of processing that may be
required to remove oversize boulders and concrete rubble).

As shown in Figure 3, the planned excavations, to a final site grade of about EL. 250 feet
would result in the removal of all recent fill and most of the older fill. Depending on
what is planned for areas where older fill will remain below site grade, additional
excavation or in-situ treatment of material will be required. At the time of detailed
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design, additional investigation must be taken in areas underlain by older fill to determine
whether gas venting is required below enclosed structures.

We understand that all excavated material must be disposed off site, because fill is not
required for future development of the existing facility. The information obtained from
the investigation shows that the recent stockpile material is suitable for use as structural
fill provided it is placed in dry weather and careful compaction controls are followed.
However, the older fill is of very variable quality and will likely be difficult to market to
outside users.

The scope of work for this investigation did not include undertaking an environmental
assessment for contaminated material. If the County decides to proceed with acquiring
the property, then environmental testing would be required.

4.2 REUSE OF MATERIAL EXCAVATED FROM ABOVE FINAL GRADE

4.2.1 - Recent Fill

=

The borings were located around the edgg of the %Fecent fill, and so d not prov1de

complete information on tée
required on the recent fill, ies
We further recommend that ask‘e‘d flether they hgve any 1nf0rmat10n
on the material, especially ource, whenplacpresene of chbles jand boulders, and
any test results, etc. — - rE—

Where encountered, the recent fill consists of non-organic, silty gravel with sand to silty
sand with gravel (Unified Soil Classification of GM to SM). In a sample from boring
BH-2, the fines content was 38% indicating the material will be moisture sensitive and
difficult to compact when wet. We anticipate, based on the presence of cobbles, boulders
and concrete rubble on the fill surface, that the fill will require processing prior to use as
structural fill. After processing, we anticipate the fill will meet the WSDOT requirements
for Common Borrow (Clause 9-03.14(3), WSDOT Standard Specifications for Road,
Bridge and Municipal Construction, 2004). Such material can be used as structural fil}
provided it is placed in dry conditions, and careful compaction controls are applied.

The following conditions apply to the use of this material as structural fill:

e The high fines content will make the material moisture-sensitive and
unsuitable for use in wet conditions.

» Cobbles, boulders and concrete rubble are present in the fill. Screening is
likely required to make the material suitable as backfill.

2003008-21 Bow Lake WSDOT Property Draft Report.doc 8 HWA GEOSCIENCES INC



January 16, 2004
HWA Project No. 2003-008-21

* The material should be compacted in layers of not greater than 8 inches (loose
layer) thickness.

» Compaction should be undertaken to at least 95% of maximum dry density
determined in accordance with ASTM D 1557 (Modified Proctor).

» Compaction moisture content should be within 2% of the Modified Proctor
optimum moisture content for the material.

We did not detect evidence of soil contamination based on observations of soil color and
smell. However, this was not an environmental investigation, and further investigation is
required to confirm that the material is not contaminated.

4.2.2 OlderFill
Older fill was encountered in borings BH¥1 BH-3 and BH 4 located in the central and

burning. Based on the pregen g of it it BH-4 at 33 feet)
recovered in the borings, ahd-th IoUs istoTy ; rnmg on the adjacent
transfer station property, i l_1kely that uch of theolderﬁll s bun&ed refuse.

Most of the older fill material does not meet the WSDOT requirements for Common
Borrow (Clause 9-03.14(3)) because of the presence of refuse inclusions and an organic
content exceeding 3% in two of the samples tested.

The material could be used for non-structural fill, but use is dependent on the results of
environmental testing for soil contamination. The TCLP testing (see Appendix B) for
disposal of the boring cuttings showed that a small amount of metals leach from the soil.
Consideration should be given to mixing the material with 3% cement and utilizing it in
soil-cement structural fill. Detailed laboratory testing is necessary before this approach
could be recommended because the presence of organic inclusions tends to inhibit setting
of the cement.

We anticipate that it will be difficult to find a market for this material, even as
non-structural fill.
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4.2.3 Native Glacial Material

Along the western side of the property, excavation to depths of around 25 feet in glacial
material could be required to provide site access. Excavations in this area would
encounter native glacial materials below a thin layer of recent fill. The excavated
material encountered in BH-2 is more silty than that encountered in BH-5. In BH-2, the
material consists of layers of till and ice-contact drift and is mainly silty gravelly fine to
coarse sand to silty fine to coarse gravel (mainly Unified Soil Classification of SM to
GM); whereas, in BH-5, the ice-contact drift encountered consisted mainly of clean to
slightly silty sand (Unified Soil Classification of SP/SM). Fines content varied from 18
to 25% in BH-2 to 15 to 17% in BH-5.

Some native material will meet the WSDOT requirements for Select Borrow [Clause 9-
03.14(2)], but the material will mainly only be suitable as Common Borrow [Clause 9-
03.14(3)).

We anticipate that the Coun will find sources for the dis osalof thlS material wrchout
great difficulty provided itlis demonstrated that the material has not

leaching of contaminants é‘o_‘

observations of soil color

4.3 EXCAVATIBILITY OF MATERIAL ABOVE FINAL GRADE

We anticipate that excavation of fill and native soils can be undertaken with conventional
excavation equipment such as trackhoes. Some oversize material may be encountered but
will not impact excavatibility. However, a range of unknown obstructions could be
present in the older fill depending on the history of dumping previously occurring on the
site. For example, in BH-3 a length of '%-inch metal pipe was encountered. Our previous
experience is that large obstructions such as old car bodies, appliances, etc. could be
present in such old fill deposits.

4.4 DEVELOPMENT ISSUES

4.4.1 Critical Area Requirements and Slope Stability

Some of the adjoining slope angles shown on Figure 3 exceed 40%. Therefore,
development of the property will need to adhere to Critical Area requirements for
geologically hazardous steep slopes. Additional investigation will probably be required
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along the eastern property line to provide information for the Critical Area Review,
especially if additional fill or retaining walls are placed in this area.

Currently, we observed no indication of slope instability. In addition, we are not aware of
slope instability along the eastern side of the existing facility. An advantage of the plan
to excavate the property to about El. 250 feet is that slope stability will be improved
because most of the fill adjoining the top of slope will be removed.

Although we did not observe evidence of ground water in the borings during drilling, the
following potential slope instability modes should be considered during detailed design:

» Instability of the eastern slope of the older fill, if excavation does not extend
down to El. 250 feet. Figure 3 shows the outside (eastern) slope angle is
around 60%, which is excessive if development is planned near the crest of the
slope. The apparent reason for the stability of fill to date is that the drainage is
good and water table is deep.

{ s;é 1 :ss permeable layers.
Sithfst i hder i_:i%}am e to dissipate any
sﬁ%%ai couTa result =

All fills should ¢ EDNS
potentially hlgh pore pressure

s Slope mstabzhtyresumg Trom liquefaciion oecirring due to a design level
earthquake. Such a slide requires the presence of a water table. No water
table was encountered during the current investigation.

4.4.2 Stability of Cut Slopes and Excavations

Maintenance of safe working conditions, including temporary excavation stability, is the
responsibility of the contractor. Any excavations in excess of 4 feet in depth should be
sloped in accordance with Part N of WAC (Washington Administrative Code) 296-155,
or be suitably shored. The loose to medium dense fill classifies as Type C Soil.

Temporary excavations in Type C Soils may be inclined as steep as 1%4H:1V. In lieu of
excavations sloped to these requirements, trench boxes or other suitable shoring means
may be used to permit work in trenches in excess of 4 feet in depth. Heavy construction
equipment, construction materials, excavated soil, and vehicular traffic should not be
allowed within a distance half the depth of the excavation, measured from the edge of the
excavation, unless the shoring system has been designed for the additional lateral
pressure.

2003008-21 Bow Lake WSDOT Property Draft Report.doc 11 HWA GEOSCIENCES INC
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With time and the presence of precipitation, the stability of temporary unsupported cut
slopes can be significantly reduced. Therefore, all temporary slopes should be protected
from erosion by installing a surface water diversion ditch or berm at the top of the slope,
and by covering the cut face with well-anchored plastic sheeting. In addition, the
contractor should monitor the stability of the temporary cut slopes and adjust the
construction schedule and slope inclination accordingly.

For long-term stability, slopes should be cut no steeper than 2H:1V.

4.4.3 Foundations

Foundations will be placed either on native glacial material or on older fill after removal
of the overlying recent and some of the older fill. For example, at BH-3, about 10 feet of
older fill could remain after excavation to final design grade. Localized zones of thicker
fill could be present elsewhere. In such cases, the allowable bearing pressures of footings
should take into account the effective preloading caused by the thickness of fill removed.

Foundations on Native Gl :
native glacial materials, shg)u,ldphc fo
allowable bearing pressures
1.5 feet for pad and strip f(!;o

%&igﬁ on shallow,pa

BB ESE

i B gt e e T

Foundations on Older Fill FlaierisTwhers s it least 10 feet of ¥ ill was Removed:
Structures located on older fill, where at least 10 feet of overlying fill (preload) was
removed, may be founded on shallow pad and strip footings. The footings should be
supported on a 3-foot thick pad of compacted structurat fill placed over the fill. The
footing should be designed for an allowable bearing pressure of 1,500 psf, subject to
minimum dimensions of 3 feet and 1.5 feet for pad and strip footings, respectively.
External footings should be placed at least 1.5 feet below final ground for frost

protection.

Foundations on Older Fill Material where less than 10 feet of Fill was Removed: 1f
such cases exist on the property, site specific investigations should be undertaken.
Foundation preparation would likely consist of excavation and replacement of fill, or
supporting the building on piles or a mat foundation.

Differential settlement of footings designed as recommended above is not expected to
exceed 1-inch. However, these are conceptual recommendations for typical buildings,
and settlement estimates should be checked when the particulars of the structure are
known.
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444 Retaining Walls Supporting Cuts

Conventional concrete cantilever retaining walls or soil nail walls are considered suitable
for support of cut slopes along the western side of the site. We recommend that any
retaining walls be designed for a lateral earth pressure based on an equivalent fluid
density of 55 pounds per cubic foot (pcf). This value assumes that backfill behind the
walls is horizontal and is placed and compacted in accordance with our
recommendations. This equivalent fluid pressure does not allow for traffic and
construction loads. Such imposed loads should be included if they are imposed within a
distance equivalent to the height of the wall. Fill within a distance of about 1-meter (3.3
feet) of the walls should be compacted with lightweight equipment. Care must be taken
to avoid over-compaction near the walls, or excessive lateral pressures may develop.

Lateral forces may be resisted by a combination of sliding resistance of the footing on the
underlying soil and passive earth pressure against the buried portions of the wall and
footing. For design purposes, a coefﬁcxent of friction of 0.5 may be assumed between the
base of the footmg and na : cfoundation soils or compacted structral fill. A passive
a ﬂUId we1ghmg 260 pcf may be assum&,d for properly

- wa];_l; o datxgm.

A

- g

]

4.4.5 Retaining Walls Supportmg Flll

If required, walls supporting fill along the eastern part of the site may consist of
Structural Earth Walls (SEW), cantilever concrete, or gravity block walls. Final wall
selection is dependent on the wall location, space available to accommodate wall
construction, fill height, presence of suitable native bearing material at reasonable depth,
and structural loading. It is necessary that walls along the extreme east of the site should
be founded on native glacial material. If fill is present, the fill should be excavated and
replaced, or consideration should be given to the use of a soldier pile and lagging wall if
the fill is deep.

Reinforced soil slopes will also be suitable.

4.4.6 Drainage

No special drainage requirements, other than those typically provided, are necessary.
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4.4.7 Subgrade Preparation for Roads

The native glacial material will provide a suitable subgrade for roads, but in areas of older
fill, the road structure should be supported on at least 30 inches of structural fill placed
over the fill. In areas where the subgrade is soft and yielding, the depth of structural fill
should be increased to 40 inches and supported on woven separation grade geotextile
(Clause 9.33.2 Table 3, WSDOT Specifications).

The design thickness of the overlying pavement and surfacing layers is dependent on
design traffic and road performance requirements.

4.4.8 Soil Corrosiveness

The resistivity results given in Appendix B provide an indicator of the potential for soil
corrosion of buried steel and concrete. Non corrosive soils typically have a resistivity in
excess of 5,000 ochm-cm, and potentially corrosive soils have a resistivity of less than
2,000 ohm-cm. Soils with re31st1v1t1es below 5,000 ohm -cm should be subject to more
detailed chemical testing t@evaldate the Potential [or corrosion. 1h results show the
resistivity of the older fill 1% much lower than the underlymg glac1al taterials, which
indicates older fill is more orzﬁﬁ 1, i ; X of éveathered
drift/colluvium (BH-4, S- 83: fré i f the iill that has a
resistivity similar to that oéthé%vﬁ*ly & Gltet s-indieafes thit some migration of
leachate from the overlying fill into the underlylng natxve glamal tllI has occurred.

o i

Based on these resistivity test results, we recommend that, at the time of detailed design,
additional testing to determine the potential corrositivity of the soil be performed. We
anticipate that all buried concrete and steel in the fill and near the surface of the native
glacial materials should be designed assuming corrosive conditions.

4.5 CONSTRUCTION ASPECTS

4.5.1 Site Preparation

Site preparation for construction should begin with excavation of all unsuitable existing
materials. Excavation for structures founded on older fill should be inspected by a
geotechnical engineer to determine if the depth of excavation is sufficient. Pockets of
poor materials may be present, and should be excavated and replaced with structural fill.

The exposed subgrade should be thoroughly proof-rolled with a heavy roller. All loose or
soft areas that exhibit yielding should be replaced with structural fill materials, and
compacted to a dense and unyielding condition in accordance with Section 2-03.3(14)C
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(Compacting Earth Embankments) and/or Section 2-06.3(1) (Subgrade for Surfacing) of
the 2004 WSDOT Standard Specifications.

4.5.2 Structural Fill and Compaction

For the purposes of this report, material used to raise site grades, placed directly under
structures for support, or used as backfill behind below-grade structures such as catch
basins or pipes, is classified as structural fill. Imported structural fill should consist of
clean, non-plastic, free-draining sand and gravel free from organic matter or other
deleterious materials. Such materials should contain particles of less than 3 inches
maximum dimension, with less than 5 % fines (based on the ¥%-inch fraction) as described
in Section 9-03.14(1) or 9.03.17 (class B) of the 2004 WSDOT Standard Specifications.

Structural fill should be placed in loose, horizontal, lifts of not more than 8 inches in
thickness and compacted to at least 95 % of the maximum dry density, as determined
using test method ASTM D 1557 (Modified Proctor). At the time of placement, the
moisture content of struct &l&sh&&l&h%ﬁ&m%&pﬁm% procedure required
to achieve the specified mihimum relative compactlon depends on ﬂ% size and type of
compaction equipment, th@ nupb ; 5, er g?emg compacted,
and the soil mmsture-densgty

When the first fill is placed in a given area, an&]or anytlme the fill aterial changes, the
area should be considered 4 L test section. The test section should be u ed to establish fill
placement and compaction rocedures requlred to achleve proper compactlon The
geotechnical consultant should observe placement and compaction of the test section to
assist in establishing an appropriate compaction procedure. Once a placement and
compaction procedure is established, the contractor’s operations should be monitored and
periodic density tests performed to verify that proper compaction is being achieved.

e e

5.0 CONDITIONS AND LIMITATIONS

We have prepared this report for R.W. Beck and King County Solid Waste Division for
use in developing a Facility Master Plan and deciding whether to purchase the property.
The conclustons and interpretations presented in this report should not, however, be
construed as a warranty of the subsurface conditions at or influencing the site.
Experience shows that soil and ground water conditions can vary significantly over small
distances. Inconsistent conditions may occur between explorations that may not be
detected by a geotechnical study of this scope and nature. If, during future site
operations, subsurface conditions are encountered which vary appreciably from those
described herein, HWA should be notified to review the recommendations made in this
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report, and revise, if necessary. If there is a substantial lapse of time between submission
of this report and the start of construction, or if conditions change due to construction
operations, it is recommended that this report be reviewed to determine the applicability
of the conclusions and recommendations considering the changed conditions and time
lapse.

This report is issued with the understanding that it is the responsibility of the owner, or
the owners’ representative, to ensure that the information and recommendations are
brought to the attention of the appropriate design team personnel and incorporated into
the project plans and specifications, and the necessary steps are taken to see that the
contractor and subcontractors carry out such recommendations in the field.

We recommend HWA GeoSciences Inc. be retained to undertake further follow-up
investigations, as may be necessary for future site development, and monitor construction
to evaluate soil and ground water conditions as they are exposed, and verify that subgrade
preparation, backfilling, and compact1on are accomphshed in accordance with the

spe ClﬁC&thI’lS T -

Within the limitations of Séop_ -sel ed%ﬁ-; d buglget:
services in accordance w1t& gemer. Epte fes3tot
fields of geotechnical englglee tngishd engd eﬁgmn eqio _ _
prepared. No warranty, exgjress or 1mphed is made

EEQEE‘E‘ZE e

This firm does not practice or consult in “the field of safety engmeenng We do not direct
the contractor’s operations, and cannot be responsible for the safety of personnel other
than our own on the site. As such, the safety of others is the responsibility of the
contractor. The contractor should notify the owner if any of the recommended actions
presented herein are considered unsafe.

Q-0

We appreciate this opportunity to be of service.

Sincerely,

HWA GEOSCIENCES INC.

Brian E. Hall, P.E. Sa H. Hong, P.E.

Senior Geotechnical Engineer Principal Geotechnical Engineer
BEH:SHH:shh
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APPENDIX A

FIELD EXPLORATION







.

RELATIVE DENSITY OR CONSISTENCY VERSUS SPT N-VALUE TEST SYMBOLS
CCHESIONLESS SOILS COHESIVE SCILS %F Percent Fines
Approximate Approximate AL Atterberg Limits: PL = Plastic Limit
Density N (lowsm) Re|a1m Density(sy | Consistency N (blows/ft) Undrained Shear LL = Liquid Limit
Strangth (psf) CBR  California Bearing Ratic
Very Looss Q0 to 4 0 - 15 Very Soft 0 to 2 <250 CN ConsoRdation
Lopsa 4 {0 10 15 - 35 Soft 2 1o 4 250 500 oD Ory Density (pcf)
Medium Danse 10 to 3¢ a5 - 65 Medium Stiff 4 fo 8 500 - 1000 DS Direct Shear
Dense 3N w50 66 - 85 Stiff 8 to 15 1000 - 2000 GS Grain Size Distribution
Very Dense aver 50 85 - 100 Very Stiff 15 to 30 2000 - 4000 K Permeability
Hard aver 30 >4000 MD  Moisture/Density Relationship (Proctar)
MR Resilient Modulus
USCS SOIL CLASSIFICATION SYSTEM PID  Photoionizalion Device Reading
PR Pocket Penstromater
MAUJOR DIVISIONS GRCUP DESCRIPTIONS Approx. Compressive Strength {tsf)
. ’ .
el and Wel-graded GRAVEL SG  Specific Gravity
Coarse Gravel and Clean Gravel d ) GW| welgrace TC  Triaxial Compression
Grained Gravelly Sails {little or na fines) B-U P
o [\ GP | Pocrly-graded GRAVEL TV Torvane
Soils N Approx. Shear Strength {isf)
Mare than b T .
50% af Coarse Gravel with R CSC GM | sity GRAVEL uc Unconfined Compression
Fraction Retained Fines (appreciabla =
. amaunt of fines) Clayey GRAVEL
an No. 4 Sieve hid SAMPLE TYPE SYMBOLS
Sand and Clean Sand Well-graded SAND N 2.6" OD Split Speen (SPT)
Sandy Soils i (140 |, hammer with 30 in. drop)
More than (e or no fines) Paorly-graded SAND I Shelby Tube
::z:etamed 50% or More Sand with 0
. an
. of Coarse andwith Siky SAND B 3-1/4" OD Split Spoon with Brass Rings
200 Sieve ! . Fines (appreciable
Size Fraction Passing amount of fines) Clayey SAND
No. 4 Sieve il O Small Bag Sampie
LT
Fine Silt Liuid iﬁ;& e e (1 S R 1 ] Large Bag (Bulk) Sample
Grained and i E
Soils Clay Less th . 50% Core Run
P ER ? ﬁ Mon-standard Penetraticn Test
= = . {3.0" 0D split spocn)
g
50% or Mors il Liquid L%n't
iquid Limit
Passing :T:y 50% or igﬂore GROUNDWATER SYMBOLS
No. 200 Sieve Groundwater Level (measured at
Size time of drilling)
Highly Qrganic Soils Groundwater Lavel (measured in well or
open hole after water level stabilized)
COMPONENT DEFINITIONS COMPONENT PROPORTIONS
COMPONENT SIZE RANGE PROPORTION RANGE DESCRIPTIVE TERMS
Boulders Larger than 12 in
) < 5% Clean
Cobtbles 3into 12in
Gravel 3in to No 4 (4.5mm) . .
5-12% Slightly (Clayey, Silty, Sand:
Coarse gravel 3dinto 34 in ahtly (Clayey, Sity, ¥}
Fine gravel 3/4 in to No 4 {4.5mm)
12-30% Clayey, Slity, Sandy, Gravelly
Sand No. 4 (4.5 mm) to No. 200 {0.074 mm)
Coarse sand Na. 4 (4.5 mm} ta Ne, 10 (2.¢ mm) )
Medium sand No. 10 (2.0 mm} to No, 40 (0.42 mm) 30- 50% Very {Clayey, Silty, Sandy, Gravelly)
Fine sand No. 40 {0.42 mm) to Na, 200 (0.074 mm)
Sitt and Clay Smaller than No. 200 {0.074mm) Components are arranged in order of increasing quantities.

NOTES: Suil classifications presented on exploration logs are based on visual and laberatory observation.
Soil descriptions are presented in the following general order:

Density/consistency, color, modifier (i any) GROUP NAME, additions o graup narne (if any}, moisture
content. Proportion, gradation, and angwiarity of constituents, additional comments.
(GEQLOGIC INTERPRETATION)

Please refer to the discussion in the repart text as well as the exploration logs for a more

complete description of subsurface conditions.

MOISTURE CONTENT
DRY Absence of maisture, dusty,
dry to the touch.
MOIST Damp but no visible water.
WET Vigible frea water, usually
soil is below watar tabla.
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DRILLING COMPANY: Hcolocene Drilling

SAMPLING METHOD: SPT w/ Autohammer

SURFACE ELEVATION: 279.00 + feet
DRILLING METHOD: Hollow-Stem Auger, Mobile B-61 truck rig

LOCATION: See Site & Explaration Plan, Figure 2

DATE STARTED: 10/9/2003
DATE COMPLETED: 10/9/2003
LOGGED BY: B. Thurber

0 x Wy
a v E Za ., & Standard Penetration Test
o ;L"‘_‘ = E—: g8 £k {140 lb. weight, 30" drop)
y 5 Fz g O H A Biows per foat
T [ Yoy lé:'i © b 4 x
E. B 0 a o . @ | = = .
5§ £ 3 3 F: £ & i
g o 2
DO.., n =2 DESCRIPTION [ oo o & o 10 20 30 40 50 (;:h,
’ P E GM [ Medium dense, olive-brown, silty, sanay, fine 1o coarse : : :
JlG GRAVEL, moist. i
2 10 (RECENT FILL)
SN PP FURE SO SR SOUE SOPOE SO 3
olf h9 :
] SM | Cuttings: orange-brown, silty, fine to medium SAND, dry. ............................. i
— 3] A —5
5 Medium dense, rust- and gray-moitied light brown, silty, i 51 5710
E gravelly, fine to medium SAND, damp. 15 N P -
: {WEATHERED TILL) :
APV M| Gravelly drillaction, 71e 15 feet, i
= )“ Cb L AT RE b
¢ |0 :
Blke O RS RPN POFPS SPRFI L POS NOS L
1o B ' ° Lo AR-10
:)cp\ s Very dense, olive-brown, siity, fine to coarse sandy, fine to E 82 30-50/2" .
EEROR coarse GRAVEL, moisttowet. | L
ol (THLL) corsemmemmrntemn s sromrsmmre
. Pc o 2 e - O U SO VO S I
ks g S A I I
al(h3 : -
- :?: I i i e S LEEE S R PR TP P PP P -
: ( # N N
15— P S e R RRREL" % —15
- : Dense, olive-brown, silty, gravelly;:gﬁne‘%&r -
moeist; with approx, 2-inch strafiﬁe§ sand bed at 16 feet. : :
T (ICE-CONTACT STRATIFIED DRIFT) i ~
— H B A — 20
2 Dense, olive-brown, silty to clean, fine gravelly, fine to A 5S4 10172 o
Ll medium SAND, moist Stratified. _ _ _ _ _ _ _ _ _ o
SF | Dense, light olive-brown to gray, clean, fine to madium
N SAND, damp.
=
2 Dense, light gray, clean, fine to medium SAND, damp to A S5 10-21-25 GS
- maist. pH/R
0 0 %2 @  w * z;o 0 0
For a proper understanding of the nature of subsurface conditions, this Water Gontent (%)
exploration iog should be read in conjunction with the text of the o o
eotechnical report Plastic Limit |——@—[ . Liquid Limit
g ' Natura! Water Content
NOTE: This log of subsurface conditions applies only at the specified location and on the date indicated
\_ and therefore may not necessarily be indicative of other times andfar locations. V.
BORING:
HW BOW LAKE TRANSFER STATION BH-2
\ FMP UPDATE AND IMPLEMENTATION oAGE: 1 ot 2
AGE: 1 o
HWAGEOSCIENCESINC. ~ TUKWILA, WASHINGTON
PROJECTNO..  2003-008 FIGURE; _ A2
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ﬁ)RILLFNG COMPANY: Holocene Drilling

SURFACE ELEVATION: 279.00 + feet

DRILLING METHOD: Hollew-Stem Auger, Mobile B-61 truck rig
SAMPLING METHOD: SPT w! Autohammer
LOCATION: See Site & Exploration Pian, Figure 2

DATE STARTED: 10/9/2003

DATE COMPLETED: 10/9/2003
LOGGED BY: B. Thurber

%] r L
b wi % o Standard Panetration Test
] w 8 < v %] i
3 ¢ 2 B b 5 {140 Ib. weight, 30" drop)
g =z 7 & w z A Blows per foot
a O woow wl ~ b
e nd o @ | r¥ o = T
- @ 1] a o 4 e} =2 E o
i 5 2 =2 £ £ ¢ 53
L o 2
;Ju w 2 DESCRIPTION B0 a2 o [T] 0 10 20 a0 40 50 ;:Sv
o Dense, light gray, clean to slightly silty, fine to medium Al S8-6 10-18-19 B
<[~ SAND, maist. Mincr sitty sand lenses, 1-5 mm thick. : P P -
35 — - N
5 B Dense, light gray, clean, fing to medium SAND, damp. A 8-7 14-24-26 4 435
J1 - Appears massive. ’ ,,,,,,,,,,, L
- - L =>A—40
¢ : Very dense, light gray, clean, fing tc medium SAND, darp. N S8 12-27-3% ®
- With lenses of slighily silty sand, 3-5 mm thick. ; -
ﬁ‘}" LR e it Rl R A B N e et G i
Borehole terminated at 41.5 faat. .
— No ground water seepage encourffered during drilling. -
] Borehole abandoned with bentani cmﬁ;.m%% @zgﬁ A i
]
45 -t R e hdr GeEEgs EOOWESR s R wEms 0 BB T T 1oL, — 45
50 —
85 —
0= 0w w w o
For a proper understanding of the nature of subsurface conditions, this Watsr Content (%)
- . . . . (-]
exploration log should be read in conjunction with the text of the o o
eotechnical report Plastic Limit —&—] Liquid Limit
g ’ Natural Water Content
NOTE: This log of subsurface conditions applies only at the specified location and on the date indicated
\_ and therefare may not necessarily be indicative of other times and/ar locations. J
. BORING:
HW BOW LAKE TRANSFER STATION BH-2
‘ Y FMP UPDATE AND IMPLEMENTATION AGE: 2 of
P, 2 0of 2
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(E_)RILLING COMPANY: Holocene Drilling
DRILLING METHOD: Hollow-Stem Auger, Simcoe 4000 tracked rig
SAMPLING METHOO: SPT w/ Cathead

LOCATION: See Site & Exploration Plan, Figure 2

SURFACE ELEVATION; 275.00 % feet

DATE STARTED: 10/10/2003
DATE COMPLETED: 10/10/2003
LOGGED BY: B. Thurber

2] x g
‘i.’:’ w z Standard Penetration Test
- w @ o o 4]
o & % b 8 't?: 5 o (140 Ib. weight, 30" drop}
3 HZ pE WU KEE 4 Blows per foot
- Q wow B [~ w
- Qo w = r <L iy == T
E_. a %] a o ! g w O [
85 = 8 =2 g5 £ U5 53
ef @ O DESCRIPTION w @ a2 ° Ea, 10 - 0 &0 s OF
0— —C
°E JGM | Cuttings: Light gray, silty, sandy GRAVEL, dry. s S ‘ '
-5 \ L
| & I
o b N :
{0 i a _
o 10 Medium dense, light veliow-brown, silty, sandy, fine to 81 61011 GS § :
AL coarse GRAVEL, dry, ! et -
ol {RECENT FILL}) i
S_DC D e R R 35
1bH i
Ry
Py GM| Glassin cutings at 7 fest. o Do :
- ;C Gravelly drifl action, to 19.5 feet, - e Y Y
= O Very dense, stralified dark brown, yehow-brown, ! 5-2 R :
oM gray-brown, and reddish-brown (2-3 inch layers), silty, ; o
ol M sandy, fine to coarse GRAVEL, moist. Glass fragments
10— )c o (ciear) at 9 feet, in 2 inch layer of abundant glass; one piece | (A ¥ T T i i —10
N of plastic shesting. L
° {‘bc {OLDER FILll. WItthEEELL—S N—
bl g-inch long, 1/2-inch metal pipe ificutings 1Tom approx. 10 L
9. feet. : : : : o : C
4 F ™ ® : R : : . . A
o|( b Drove rock; blow counts overstated. == DA S
H T Dense, dark brown, silty, sandy, fie to Co L
Lo wet, Trace broken glass and partly de Do
15 — a Cbc wood. Peaty DdOi’. - .................................. — 15
1P 1 b -
b1 S
Hy& o i
o c’\D '@ A L
i 1 Medium dense, reddish-dark brown, silty, sandy, fine to N 54 [
dls C}c coarse GRAVEL, wet. With a 1/2-inch black cinder. Lo o
B Fast, smoath drilt action from 19.5 to 35 feet, L
20 bt ¢ :
(58 N
= s :
TR o
sl | -
DC 0y Medium dense, dark brown-gray, silty, sandy, fine GRAVEL, [/ S5 456 pHR[ . :
bt wet. One piece of packing tape. i ; S
atf K9
G T 2 o
- ) E B X -
4 Loose, dark brown, silty, fine gravelly, fine fo coarse SAND, J)\/ S-6 245 ©S =3 Lo
NN wet, over rust-mottied brown and gray grading to blue-gray, : pH/R 3 L
silty fine to medium SAND, wet. Trace broken glass, hard (005 BN
30— el ‘ ‘ : 30
. g . 0 20 40 0] 80 100
For a proper understanding of the nature of subsurface conditions, this Water Content (%)
. . v - . (]
exploration log should be read in conjunction with the text of the Prastic Limi Liouid Limit
geotechnical report. asticLimit |—@— Liguid Limi
Natural Water Content
NOTE: This log of subsurface conditions applies only at the specified tocation and on the dale indicated
\_ and therefore may not necessarily be indicative of ather times andfor locations. J
: BORING:
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/EJRILUNG COMPANY: Holocene Orilling SURFACE ELEVATION: 275.00 * feet DATE STARTED: 10/10/2003 \

DRILLING METHOD: Holiow-Stem Auger, Simcoe 4000 fracked rig DATE COMPLETED: 10/10/2003
SAMPLING METHOD: SPT w/ Cathead LOGGED BY: B. Thurber
LOCATION: See Site & Expicration Plan, Figure 2
[} e 8
] o] = Standard Penetration Test
g w 2 v 3]
3 o = = o [ - 4 (140 Ib. weight, 30" drop)
a > 2 w5 woowe
5 - Z @ E WoEE A Blows per foat
—J O woow el = <
T c @ o re o 2= T
o, @ (%3 g & A w O i [y
oy = O == Zi I Nz o
ge & 8 DESCRIPTION &% &% & &% ge
o L= “ o 10 20 30 40 50
plastic, partly decomposed wood. S
T e Loose to medium dense, stratified gray, dark brown, and i
AT blackish-brown, silty, fine gravelly, fine to medium SAND, AD: -
v wet. Trace broken glass and mostly decomposed paper : :
NN fiber in lower 6 inches, partly decomposed wood. B
35 — —35
8P | Minor gravelly drill action below 35 feet.
. Slough on top of sample: Blackish-brown soil as above, ‘A "
R with 1/2-inch thick layer of plastic bags. :
- Dense, gray, clean, fine to medium SAND, moist. -
it (ICECONTACTSTRATIFIED DRIFT) | gt b 40
4 §)>Jl'—
N Very dense, gray, clean, fine fom :
[ Massive. -
45 s T - S - =\ SN - < - f - |- i; By O et N = i1 - S S - -1 - S -1 .....45
Borehole terminated at 44.5 feet.
~ Mincr ground waier seepage ency B
35 feet.
7 Piezometer instalied to 30 feet (1-fnch schedule 40 PVC r
A A B Gl i
50 e 1 (S S S G AR SO N _50
55 s [ S N I SRR ._.55
50— o = a0 s e 10
For a proper understanding of the nature of subsurface conditions, this Water Content (%)
exploration log should be read in conjunction with the text of the o o
geotechnical report Plastic Limit |—@——] Liquid Limit
3 Natural Water Content
NOTE: This log of subsurface condilions applies only at the specified location and on the date indicated
\_ and therefore may not necessarily be indicative of other times and/or locations. J
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[DRILLING COMPANY: Holocene Drilling

SURFACE ELEVATION: 286.00 £ feet DATE STARTED: 10/9/2003
DRILLING METHOD: Hollow-Stem Auger, Simcoe 4000 tracked rig DATE COMPLETED: 10/10/2003
SAMPLING METHQD: SPT w/ Cathead LOGGED BY: B. Thurber
LOCATION: See Site & Exploration Plan, Figure 2
[%] i L
@ w Lz> Standard Penetration Test
3 w B W @ ) .
) 0. g e 2 = 5 o (140 ib. weight, 30" drop)
- [ % e wohE A Blows per foot
1 Q W w1 = <
- Q v R re 24 2= T
F—. DO w a B - € [ =
i3 £ & $2 F: I B3 | 43
af & 3 DESCRIPTION “@ .l O B&, " . 20 0 g OF
— —0
PP h GM | Cuttings and drill action: Loose, brown, silty, sandy, fine to q4 0 s
. )" Cb coarse GRAVEL, moist. Gravel subraunded. S .
@ |0 Lo
T E T e e e — — — — (RECENTFLL)_ _ _ _ _ _ _ _ . o : -
ol(h At 2 feet cuttings become dark brown, . : B
T Drill action generally gravelty, from 2 1o 33 feet. S-1 24-17-19 S A
B e q Dense, gray-brown, silty, fine o medium sandy, fine to : : : L
P g coarse GRAVEL, moist. Trace wood fibers. ; C
5 —] J [ {OLDER FILL with REFUSE) P l—5
g | O Hard, gravelly dritf action at 3-3.5 and 6-6.5 fest. : :
P Lo =
G C_C :
) )cﬁC: S -
kM - e A -
] C)C Dense, dark brawn to blackish-brown, with miner light A S-2 11-17-18 :
~ Dc & brown, organic, silty, fine to medium sandy, fineto coarse -
L GRAVEL, moist. Mild peaty odor. ‘
10 — b —10
a C) Hard, gravelly drill action at 10 {o 11 feet.
_ )C o : L
L ‘
LY L
THel(b - I
P [ .
11 . , . & A F
by 1A Medium dense, stratified blackish 3 : .
e C)ﬂ sandy, fine to coarse GRAVEL, mypist. F
D o wood fragmenis in 1-inch layer at
15 — C.\ ................................ —15
b
= n[:bq -
)c_\ O : L
P E s S R :
=N (b ‘ ‘® A L
b 1o Medium dense, reddish brown and gray-brown grading to £/ 54  4-8-10 5
=4 9| ( blackish-brown, silty, sandy, fine to coarse GRAVEL, moist. ! : b
e (“>c Mild peaty odor. Trace broken glass, brick, and plastic :
20— LD sheeting in blackish-brown portion (18.5-19.5 feel). 2Zdinch i —20
CD thick partly decomposed wood. :
-l p ( u
BNy : i
g {0 :
1k o ) . o A L
o Cf Medium dense, stratified blackish-brown, blue-gray, and ) §-5 7-10-12 :
o )c 0 | brown, organic, silty, sandy, fine to coarse GRAVEL, moist ; -
L grading to wet. Trace braken glass and perceiain.
25— Clc P T T T T _25
N > N N
- Dc 0 . -
- : :
0 ™~ : :
TielChi - i
JRTo Y A -
L1 ¢ Mediur dense. dark brown with some blackish-brown, sitty, [A/] $6 7-#0-12 GS |- - Do
e Eﬁu " sandy, fine GRAVEL, wel. Trace broken glass, brick ; PHR . -
¥} i fragments, partly decomposaed wood fragments. :
30— B a9
. ipa . 0 20 40 60 80 100
For a proper understanding of the nature of subsurface conditions, this Water Contert (%)
exploration log should be read in conjunction with the text of the o o
eotechnical report Plastic Limit }—~@-~—] Liquid Limit
g ) Natural Water Content
NOTE: This log of subsurface conditions applies only at the specified logation and on the date indicated
and therefare may not necessarily be indicative of other times and/or tocations. J
BORING:
HW BOW LAKE TRANSFER STATION BH-4
Y FMP UPDATE AND IMPLEMENTATION bAGE: 1 of 2
: 1o
HWAGEOSCIENCESINC.  TUKWILA, WASHINGTON
prOJECTNO.:  2003-008 FIGURE; Ad

P20 2003008 GFJ 1/9/04




¢

(E_)RILLING COMPANY: Holocene Drilling SURFACE ELEVATION: 286.00 1 fest
DRILLING METHQD: Hollow-Stem Auger, Simcee 4000 tracked rig

SAMPLING METHOD: SPT w/ Cathead

LOCATION: See Site & Exploration Plan, Figure 2

OATE STARTED: 10/9/2003
DATE COMPLETED: 10/10/2003
LOGGED BY: B. Thurber

%] o 8
@ i = Standard Penetration Test
S w Qg <w %] )
o o % .a o 5 5 o (140 Ib, weight, 30" drep)
2 Fz 2% & EE A Blows per foot
- Q wowoow i <
T Q v | z < r == T
E.. & o o & T B w QoW [
i¥ 5 ¢ 2 Bf £ I3 i3
o2 & 35 DESCRIPTION $® .2 O &a, 10 - 30 40 50 0%
30— T — —30
11el0b S L
)c: . o
1pH L -
1b10 e L
|0 Medium dense, dark brown, silty, gravelly SAND, wet. s
(Y . B . . N
g1 Trace glass fragments, including melted amber and green : -
ol b glass; trace parily decomposed wood fragments. o
3/~ B B R F—35
1| M : :
- . : : . 3 -
. Locse, light gray and olive-brown, very silty, fine to medium
44 SAND, motst. Rootlets at 39 feet. Massive appearance. o
(WEATHERED DRIFT / COLLUVIUM)
40 — A —40
T SP _—_‘____—_“—__—"—___—'_“_ : i
- ) . A -
Medium dense, yellow-brown, clegin, eaedium: L
IR damp to moist. 3 lenses of rust-bown ;2 Bghtiysi ; u
(IGE CONTACT STRATIFIEEE DR ;
45 — i :
- Medium dense, light gray, clean, fine to medium SAND, A/|8-10 7-11-16 :
= 1 moist. Stratified, with 3-5 mm lenses of slightly silty sand. ; : -
50 — Borehole terminated at 49.5 feet. 50
Minar ground water seepage encountered between 25 and
- . 35 feet. a -
Piezometer installed to 33 feet (1-inch scheduie 40 PVC).
55_ B N S _55
80— o w & B:O 00 0
For a proper understanding of the nature of subsurface conditions, this Water Content (%)
. ] - . . [+]
exploration log should be read in conjunction with the text of the o o
eotechnical report Plastic Limit |——@— Liguid Limit
g ! Natural Water Content
NOTE: This log of subsurface conditions applies only at the specified location and on the date indicated
\ and therefore may not necessartly be indicative of other times and/or locations. Y,
BORING:
E‘M BOW LAKE TRANSFER STATION BH-4
\ FMP UPDATE AND IMPLEMENTATION PAGE: 2 of 2
: 2 o
HWAGEOSCIENCESINC.  TUKWILA, WASHINGTON
: ProJECTNO.  2003-008 FIGURE: Ad

PZO 2003008.GPJ) 1/9/04



/_DRiLLING COMPANY: Holocene Drilling

SURFACE ELEVATION: 272.00 £ feel DATE STARTED: 10/9/2003
DRILLING METHCD: Hollow-Stem Auger, Moblie 8-61 truck rig DATE COMPLETED: 10/9/2003
SAMPLING METHQD: $PT w/ Autohammer LOGGED BY: B. Thurber
LOCATION: See Site & Exploration Pian, Figure 2
W o L
! w g s Standard Peneiraticn Test
3 yi @ -y I M
o & g Ee e e {140 Ib. weight, 30" drop)
-, - Z 5 e w 2 4 Blows per foot
- o w w w = =]
T c v o oL i z T
E- @ v i - @ w > e
55 = & =z F: £ ¢ 83
88 & 3 DESCRIPTION w®» o2& o O, 10 - 10 a0 s OF
0 — —
| 8M | 6 inches sawdust (next ta small piie} over quarry spail over : ! : : 0
- B lcose to medium dense, olive-brown, silty SAND, damp. -
14 (RECENT FILL}
1 TS T T .
4 HisMm| e L
5 Medium dense, olive-brown, clean to slightly siity, fine to i s-1 5-7-9 ® : :
- medium SAND, moist. A -
- (ICE CONTACT STRATIFIED DRIFF} | ezt n
10 pa— . B T R | — 10
Medium dense, light olive-brown, ciean, fine to medium §-2 8-13-14 .
— SAND, moist. Minor silty sand lenses, 1-10 mm thick. ; -
- R e e e e s A B e e e e e e |
15— . . . —15
Medium dense, light olive-browr,
B medium SAND, moist. e -
20— A .
Very dense, light gray, clean. fine to medium SAND, damp. X 54  14-28-35
25— . A 25
9 Dense, light gray, clean, fine to medium SAND, dry to damp. [}/ -5 15-15-18 GS : R
- Stratified, 1- to 8-inch thick beds. ; pH/R P S SO SO SIS S R S L
S ) 20 0 *e0 80 100
For a proper understanding of the nature of subsurface conditions, this Water Content (%)
exploration log should be read in conjunction with the text of the Plastic Limit °L_ o Limit
: astic Limit —@—] Liguid Limi
geOteChnlcal report. Natural Water Content
NOTE: This log of subsurface conditions applies only at the specified location and on the date indicated
\_ and therefore may not necessarily be indicative of other times and/ar locations. J/
HW BOW LAKE TRANSFER STATION BH-5
¥ - FMP UPDATE AND IMPLEMENTATION
PAGE: 1 of 2
HWAGEOSCIENCESINC.  TUKWILA, WASHINGTON
prosECT NG 2003-008 FIGURE: AS

BORING 2003008.GPJ 1/9/04



ﬁ?RILLlNG COMPANY: Holocene Drilling SURFACE ELEVATION: 279.00 % feet DATE STARTED: 10/9/2003 \
DRILLING METHOD: Hellow-Stemn Auger, Moblie B-61 truck rig DATE COMPLETED: 10/9/2003
SAMPLING METHCOD: SPT w/ Autohammer LOGGED BY: B, Thurber

LOCATION: See Site & Exploration Pian, Figure 2

damp. Massive.

n @ W
@ a z . - 5 Standard Penstration Test
w
a £ 2 EE ek {140 Ib. weight, 30" drop)
. g i-u: ﬁ G E u E A Blows per foot
T o @ Y Ye o Z T
F~ 8 0 a o . & w =] [,
53 = & :: 85 £ ¢ 53
L B &
300\, w 2 DESCRIPTION a5 o & (o} o 10 20 30 40 50 300»-'
Medium dense, light gray, clean, fine to medium SAND, | 56 8-12-15 : F f“ : : : :

Dense, light gray, clean, fine to medium SAND, damp. 7 9-16-20
Stratified, beds 1- fo B-inches thick, with 4 mm silty sand

lens.

1
¢

40— I 0
-1 Very dense, light gray, clean, fine to medium SAND, dry to ; S-8  15.26-26 :
) darnp. Massive. :

50 e 1 A S S S _50
55 Fn e [ A T ..._55
60— o 25 ' 4:0 "% : 8:0 - o0
For a proper understanding of the nature of subsurface conditions, this Water Content (%)
exploration log should be read in conjunction with the text of the :
P g y Plastic Limit |——@— Liguid Limit

geotechnical report. Naturai Water Content

NOTE: This iog of subsurface conditions applies only at the specified location and on the date indicated

\_ and therefora may neot necessarity be indicative of other times and/or iozations. j
BORING:
ITM BOW LAKE TRANSFER STATION BH.5
ELiiay FMP UPDATE AND IMPLEMENTATION .
HWAGEOSCIENCESINC.  TUKWILA, WASHINGTON PAGE 2 of 2
prOJECTND.:  2003-008 FIGURE: AS

BORING 2003008.GPJ 1/9/04






APPENDIX B

LABORATORY TEST RESULTS







APPENDIX B

LABORATORY TESTING

Representative soil samples obtained from the borings were returned to the HWA
laboratory for further examination and testing. Laboratory tests were conducted on
selected soil samples to characterize relevant properties of the on-site soils. The
laboratory testing program was performed in general accordance with appropriate
standards as outlined below:

MOISTURE CONTENT OF SOIL: The moisture content of selected soil samples (percent by
dry mass) was determined in general accordance with ASTM D 2216. The results are
shown at the sampled intervals on the appropriate summary logs in Appendix A.

LIQuip LimIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS (ATTERBERG
L1MITS): Selected samples were tested using method ASTM D 4318, multi-point method.
The results are reported on the Liquid Limit, Plastic Limit, and Plastlclty Index chart,

Fi gure Bl. rwm:ﬁﬁﬁ R T T L A AR S e :

PARTICLE SIZE ANALYSIS OFHOY 4l to determine the

sﬁw D422. The results

b

also provide information ragardlng the classxﬁcatlon of the sample
gﬁ'ﬁ#ﬁﬁ;—w"@ i T e e e hd_._ﬁﬁéfmmém“ﬁﬁs

RESISTIVITY TEST RESULTS: Testing was carried out on selected samples using WSDOT
Test Method No. 417. The indicated minimum resistivity test results are tabulated as
follows:




BH-2, S-3 15-16.5 7,500 Native Glacial
BH-2, 8-5 25-265 17,000 Native Glacial
BH-3, S-5 17-185 2,500 Older Fill
BH-3, S-6 28-295 1,500 Older Fill
BH-4, S-6 28-295 1,500 Older Fill
BH-5, S-8 38 -39.5 2,400 Glac‘ﬁfgﬁsimn
BH-5, 8-3 15-16.5 17,000 Native Glacial
BH-5, S-5 25-26.5 26,000 Native Glacial

MOISTURE CONTENT, ASH, AND ORGANIC MATTER Selected samples were tested in

general accordance with

(oven dried at 105° C) and’ash content Method ‘C’ (burned at 4400

Ofitent Method ‘A’
é The test results

BH-3, S-6 15.6 98.1 1.9
BH-3, S-7 24.3 96.5 35
BH-4, S-7 19.4 944 5.6




EG/EZ/0L [dD'900E002 HLIVVMH

" IETE

200-£00Z “ON.123roYd
8Lerd INLSY AOHLIN

STTOS 40 X3dNI ALIOILSY1d

ANV LINIT DILSVYId "LINIT aIinNDIT

NOLONIHSVYM VIIMMNL

NOILY.INIWITHNI ANV 3LvadN dIN-

NOILVLS H34SNVYHL 3Mv1 mod

ONT SIONTIDSOIDVMH

Vi

4 N
ﬁﬂ@ﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁageﬁﬁméﬁmﬁ mm_
S 1 EL| 8] 9l i g AVI0 AIgUmoIq 20 (TA-10) | §'6E - 0'8E 8-S r-HE ®
. H . L -
seuld % | td | d ! T [OW % ;_m (§) HLd3a INdNWVS JOANAS
m
00} 08 1 0z 0
m 8]
m yd TN-T1D
m 0l
: z
& oz >
: =
O
l
: 0g <
=
)
pd %
or
\ U
\\ 0%
\\ 09
- ,




E0/EZ/0 I'dD BODEDOT ZEUIVMH

g 3nod 800-£00Z TON103roud .
NOLONIHSYM 'VTIMMNL ON]T SIONTIOSOIDVMH
Zzva _\m,_%_wwmwzﬁﬂa NOILV.LNIWI1dWI ANV ILvAdN dW g .ﬂ
NOILVLS HI4SNVHL IMVT M09 V
SISATVNY 3ZIS-371D11L4vd
- ™
648 02V | 00z 9 [eazIB yim ANVS Als ‘umoig yswoyed B (WS) | v -0 s £-Hg v
681 118 ol GNYS Aps ‘umoig aAllO {NS) | 597 - 0'5e S-S Z-Hg n
0'sZ | 626 | vee 6 [BreIl tim ONY'S ANis ‘umoiq ysimojieA e (WS) | 201 - 001 s Z-Ha [
soud | puss [orein| 14 | Td | T [OW %] sweN pue pawks dnom 20520 WISy 08 10 NOILYDIHISSYTO () HLd3a TdivS TOSNAS
SH31TWNI HO
50000  LOOD 5000 100 500 i g ot 05
I B HEL T ; T 1 | 0
| m 1 _ T |
I i ] | | 11 |
T ot m t——t i 0}
| 7 i 11 | | [ |
il | | I 1 |
S i | H—t—1 “ 0z
ﬁw Ll “ i1 “ RY
ks | “ “ “ “ “ | e A
| i _ i _ Q
+ g |l } | P | rd
- 10 ] 1 i1 ] o 5
_ il [ T _ -
l gl | | I 1 | —
e [ _ | _ s &
_ _ 'l ] | _ i
HIE ) d i i oo i
g | 1 I { b i 0 m
INBE: Bl 1 | T I
[ [ “ I | |} I =
bl g ), m
" I I i T — e “ " | i m”v
| R _ Ny o _ =
} { | | | { | } 08
! I | i I (RN {1 I
| | i | | I || |
i J | j J | ] i | 06
o IR
I L I i ™ F * 1 i1 /4 001
00Z# 0OV O9% oWt OZH oL# N v_a 2L 8
S3Z1S IATIS QYVANYLS 'S'N "
aul4 _ whipajy _ es120D) auy4 _ 881200
AY1D 7
LS NVS TIAVEHO




EO/EZ/0) I'dSYBOOEQOZ ZSHOYAMH

cg 3unold 800-£00Z 'ON L123roMd
NOLONIHSYM ‘VTIMMNL ONI SIONAIDSOIHVMH
¢evd _\w,_%_wmmw:hm_ﬁ NOILYLNIWI 1INl ONV 3LvAdN dind gh“
. NOILYLS Y3JdSNVHL IMYT MO V
SISATVYNY 3ZI1S-31D1L4vd
4 N
1'zz | vES | 6'v2 gl jearlB ulm aNVS Ais ‘umolq weg (WS) | §'62 - 0BT 8- ¥-Hg v
L1z [0e9 | 651 52 (sowebio 945g)leariB yim ANvS Alis worig (WS) | sve - o'ee R £-Ha [}
8Lz {406 | 5.2 9l (sowebio o 'L Jieneab yim aNVS Al ‘umoig weq (WS) | g8z - 0gz 9-g £€-Hg ®
sau um\mm _m>\m.5 Id | d | 7T |OWN% SWEN pue joquAS dNouD 18420 WLSY -1I0S 40 NOILYIIAISSYTD (W) HLa3a TdNVS NOANAS
50000 LOO'O 600D 100 GO0 “m ! TG oL 05
I m | 11 1 11 1 0
| ool | | (I |
I Al |1 ! I I
i it m 1 m ol
| &l | | I |
| g 1] 11 i [ 1 |
s 3 “ H——t—1 | 0z
w | | | i1 “ _..m
“ I _ m “ “ “ | g B
I i Il 1 I i I O
! m
[ || [ T [ =z
[ il ] 1 L1 ! o 5
_ i T T [ -
| | | | 11 | =
[ Ll i 11 _ s &
! i i ! I i ]
[ i | | I |
] . I 1 Il | 09 m
T | I | T1 |
| 0 / _ ool | =
| 11E | | I 1 | m
f inl i f i— 1 U5
| M Wi :
| Ry s
_ | {// Il _
| | | | 06
| | | | |
| | | | | |
i ] | I 1 001
ooe# oz# ob# w8 ..emv_..m 2t \
$371S IATIS QHVANVYLS ‘SN )
auly _ wnipapy _ asie00 sul4 ‘ 281807
AY1D 171s
(NVYS TJAAVHD




EO/EC/01 IS B00E00Z ZSHOYMH

bg  =unod 200-6007 -ON1o3rond
¢ IN1SY AOH.LLaN
STHOS 40
SISATYNY 3Z1S-3710114vd

NOLONIHSYM ‘'VIIMMNL
NOILV.LNIWITdWI NV 3LvAdn dn4
NOILVLS H34SNVHL 3MV1 mOd

ONISIDNIIDSOIDVMH

VM

APl €68 9 ANVS Ais “umorq usikesD (ns) | 59z - o'z 55 S-Hg n
69L | L'e8 i QNS Ans "umoig amio (WS) | 5oL - oGt £-s S-He ®
1, 0, [V
mmw_ 3 E\mm _mh_o Id | 7d [ 1T |[OW % BWEN pue joquiAs dnoig 28¥ZA WASY ~110S 20 NOILYIIFISSYI0 (W) HLd3a TidWVYS TOBINAS]
SH31LANI LIS NIYHO
G000'0 10070 S000 100 S00 10 ) 50 m___ 1 G ol 05
| i 1| L 1 I LI 1 0
| Pk g I I |1 I
_ || MR A [ I _
t i i = t i i | oL
B ARk L | |1 |
e il ! I I 1 f
“/ ; 1 { “ 1t } (174
N “ (I e ] o
TR | At | | _ e X
i F I I I 1 I a
[ [ Al [ 1 b I >
I E ] 1 L1 1 o0 5
| | ] | | | i1 | n
I ! Al ] [ 11 | =
| [ B | [HE _ s &
e r | T [ o
| | | | | I I
g 1 | [ | I | @
T Tl T ] T | 09 =<
I 1g 1 o | (. [ =
i R I | | [ | m
f } i { 1 i oL B
| | | | I | i | X
| i i | | | (I | —
{ { | | { } — { 08
| | [ | | | || |
i | | | | I [
| i i I J | 4 } 06
| | i | I | I I
| I | | [ | 11 |
| | | el | t| 1 I L.l | 001
00ZH#  0OL# OD% Oy 0z ol# i 88 8/6 w_a 2L £
S3ZIS JAIIS AHVANYLS ‘ST
suly wWnipawy asIe0n) aul4 251207
AV 10 LIS _ _ _
(NVS TIAVHO




CCI
ANALYTICAL

LABORATORIES, INC.

CLIENT: HWA GEOSCIENCES INC. DATE: 10/22/03
19730 64TH AVE. W., SUITE 200 CCILJOB# 310052
LYNNWOOD, WA 98036 CCIL SAMPLE #: 1

DATE RECEIVED: 10/13/03
WDOE ACCREDITATION #: C142
CLIENT CONTACT. BRIAN HALL

CLIENT PROJECT ID: BOW LAKE TRANSFER STA. #2003-008
CLIENT SAMPLE iD: BH-3, BH-4 CUTTINGS 10/10/03 16:00

ACTION  ANALYSIS ANALYSIS

ANALYTE METHOD RESULTS* UNITS** LEVEL™ DATE BY
TCLP ARSENIC EPA-1311/6010._ND(<0 og)_amglej e 3O MGL, 102003 RAB
TCLP BARIUM EPA-1311/6410 1.6 100.0MG/L] 10/20/03  RAB
TCLP CADMIUM EPA-1311/6410  0.016 MGIL 1.0MGIL * o003 RAB
TCLP CHROMIUM EPA-1311/6q1 sy é 102003  RAB
TCLP LEAD EPA-1311/6t | 102003 RAB
TCLP MERCURY EPA-1311/7470 | | 102103  RAB

TCLP SELENIUM EPA-131 1I6{§1 .

. 102003  RAB
TCLP SILVER EPA-131 1/6@‘1 0

i 10/20/03 RAB

* "NO" INDICATES ANALYTE ANALYZED FOR BUT NOT DETECTED AT LEVEL ABOVE REPORTING LIMIT. REPORTING LIMIT IS GIVEN IN PARENTHESES

** UNITS FOR ALL NON LIGUID SAMPLES ARE REPORTED ON A ORY WEIGHT BASIS

=~ AGTIONS LEVELS ARE PROVIDED ONLY WHEN PARAMETER DATA IS USED FOR A GENERALLY
CONSISTENT APPLICATION. WHEN FROVIDED, THEY SHOULD BE USED AS GUIDELINES ONLY.
THE APPROPRIATE REGULATORY DOCUMENT SHOULD BE CONSULTED BEFORE MAKING ANY
DECISIONS BASED ON ANALYTICAL DATA

N
APPROVED BY: Ow\
/

Page 1

8620 Holly Drive « Everett, WA 98208 . 425 356-2600 * FAX 425 356-2626 * Seattle 206 292-9059






APPENDIX C

PREVIOUS INVESTIGATION RESULTS
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= . N . . . )

HONG WEST & ASSOCTATES, INC

DRILLING COMPANY:
" DRILLING METHOD:
SAMPLING METHOD:

BORING LOG

TOTAL DEPTH: Feet
SURFACE ELEVATION: Feet
MEASURING POINT EL.: Feet

\ j DEPTH (feet) k

z %
- 2 & 5
. 25 08 &
w - = . aud
g 22 25 8 3
2 o5 2 T B8 = 8
s ¥2 2 £ o @ DESCRIPTION
Boaty Graded Sand with Sit
REwith Sidand GragEr=~g |
] g 4 7
TR ST TR R R
)" + DISTURBED (SPT) Sample Location
f\ Sample with recordad blows per foot

obtained using a spiit spoan sampler and
the Standard Penetralion Test {SPT).

* Noist, Cont. (X)
A Pen Resistance
(biows/foot)

0 20 40 60 80

NOTE: This log ot wbswtac! conditlon: appies only at the specified location and on the date Indicated.

PROJECT: BOW LAKE TRANSFER STA. BORING: LEGEND

LOCATION: King County. Washingten
DATE COMPLETED:
LOGGED BY:

PROJECT NUMBER: 93112-2

PAGE: | OF 1
Figure 2




DRILLING COMPANY: Pacific Testing Laboratories
HDRILLING METHOD: 4-inch 1.D. CFHS Auger
SAMPLING METHOD: SPT

HONG WEST & ASSOCIATES, INC.

SURFACE ELEVATION;

BORING LOG = |

TOTAL DEPTH; 44.0 Feet

2273 Feet

MEASURING PQINT EL.: Feet

.H‘bdlundwse,grav. pocriy graded, fine 10-mediom: EERENE: z
SAND. With.STL.and: Gravel-Maiske-Humaeous.Dieces:: 3 SR
of glass. Also wire, ashes, wood and a naw,

T _ 7
w - 7]
S Bl
g g 2 % 4 « Moist. Cant. (%]
s g e woao % A Pen, Resistance
z W €8¢ 2 - & @ {blows/foot)
g £ =z 5 v ¢ = '
d ® %2 2 2 5 8 DESCRIPTION b 20 4000 B -
0 Loose to medium dense, brown, graveily SAND; Proiobod '
g moist. Contains glass, slag, concrete and brick L H
tragments, o
- —Cbstruction at 2 fest, Pulted auger and moved 2 - P
fest east, S
@ -8-0 28 Obstructions belween 1.5 and 8.5 feet. Refusal ‘
4 Pulled auger and moved east 2 fmet, B Do
5- .
M H-2-50/2"
m_

‘N ree @ FiLL) ]
15 =
} Soll is similar but color varies from light lo dark i
) ‘ g0 2 gray; slighily higher grave} content. o
40 I
20— Obstruction & 20 feet. . — _
] | t b
Soil sample isbrown. <7 ¢, 250 ;
N 252 focsble P
) Gravelly from 24.5 to 26.0 feetl. Pmkﬁ
25— L
NOTE: This log of subsurface conditions apphes only at the specitied location and on the date indicated,
PROJECT: BOW LAKE TRANSFER STA. BORING: BH-1

LOCATION: North WSDOT Fill Area
DATE COMPLETED: 02/21/94
LOGGED 8Y: Rod Faubion PAGE: 1 OF 2

PROJECT NUMBER: 931122

Figure 3

L

OO NN NENNENN



if DEPTH (feet)

50~

SAMPLES

L5
=

PEN. RESISTANCE
{blows/6 inches)

20-50/¢"

5515

§-5-15

15-22-4§

W o=

N-VALUE (blows/f1)
HOIST. CONT. {X)

L}

3

HONG WEST & ASSOCIATES, INC.

BORING LOG

SOIL CLASS. (USCS)

OESCRIPTION

At 28 feet, sampler bounces: wood in shoe of
sampler. Artifically high blow count,

Medium dense, gray, poorly graded, fine to medium
SAND with silt and gravel: moist. Few large
{#3-inch) roots In upper part of sample.

Sahd with scatl

Becomes mecium dense.

Boltom of Bering at 44.0 feel.
SPT samples taken with free failing
KQ . hammer dropping 30 inches.

e Moist, Cont. (%}
4 Pen Resistance
{blows/foot)

0 20 40 80 &

PROJECT: BOW LAKE TRANSFER STA.

LOCATION: North WSDOT Fill Area

DATE COMPLETED: 02/21/94

LOGGED BY: Rod Faubion

PAGE: 2 OF 2

BORING: BH-1

PROVECT NUMBER: 93112-2

Figure 4







TECHNICAL MEMORANDUM
TO: Karl Hufnagel, P.E. /R W Beck
PREPARED BY: Brian Hall, P.E./ HWA GeoSciences Inc.

SUBJECT: FIELD VISIT - OBSERVATIONS AND CONCLUSIONS
Bow Lake Transfer Station/Recycling Facility
King County, Washington

PROJECT NO.: 2003-008-21

DATE: March 24, 2005

This Technical Memorandum summarizes our observations and conclusions resulting
from a field visit made to the Bow Lake Transfer Station/Recycling Facility on March 23,
2006. In addition to Brian Hall of HWA GeoSciences Inc. (HWA), the following were
also present during the visit; lan Sutton of RW Beck; Steve Bingham, Teresa Vanderburg
and Deron Lozano of Adolfson; and Duane Hartman of Duane Hartman & Associates.

HWA previously prepared a draft geotechnical report of the WSDOT property, dated
January 9, 2004. This previous report should be referred to for geological and
geotechnical background information.

WSDOT PROPERTY

This current site visit was specifically undertaken to assess the steeply-sided ravine on
the north side of the WSDOT property because the draft Facility Master Plan envisages a
roadway with large retaining walls in close proximity to the ravine.

Observations

¢ The ravine is deep and has slopes averaging about 50% to 70%, except at the head
where a near vertical face of about 15 to 20 feet high occurs. Below the near
vertical face, extensive deposits of debris and colluvium are present.

¢ The near vertical face appears to have developed partly from erosion caused by
discharge from a culvert located about 30 feet back from the face, and degradation
caused by root wedging and freeze-thaw effects. We consider that degradation is
currently occurring more aggressively than erosion because there is an absence of
deep erosion scars and material falling away in slabs of 6 to 18 inches thick. In
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addition, the near vertical face extends over a width of 50 to 70 feet, which is a
much greater width than would be expected from the size of the culvert.

¢ The material exposed in the near vertical face consists of dense, gray brown,
uniform, massive, fine to medium sand, and is consistent with the soils
encountered in our previous geotechnical borings. In these borings, we
interpreted the soils as ice contact drift.

¢ No seepage was observed in the ravine slopes or in the base of the ravine.,
However, we understand that Adolfson have noticed seepage on the sidewall of
the ravine, much lower down the ravine previously.

¢ A large, grated, catch basin just off the shoulder of I-5 opposite the culvert
location appears to be inlet to the culvert. Water was draining into the catch basin
from a pipe coming from under I-5 at an estimated flow rate of about 1 to 2
gallons/minute. Despite the flow occurring into the catch basin, no water was
discharging from the culvert outlet and into the ravine. If this is the culvert inlet,
then the culvert is leaking/broken and water is infiltrating into the permeable ice-
contact deposits.

¢ Many of the trees surrounding the ravine have straight trunks indicating that slope
creep is minimal. However, we observed evidence of at least two previous
shallow slides in the ravine walls near the culvert outlet,

¢ Much of the high fill placed on the WSDOT property has been placed slightly
back from the crest of the ravine slope leaving an irregular bench of
approximately 20 feet wide.

Comments

We consider that the near vertical face will continue to degrade, and depending on the
discharge volume through the culvert, will eventually degrade to a slope of around
1.5H:1V; the angle of repose of loose fine to medium sand. The foundations for any
walls constructed near the ravine should be located below a line drawn at 1.5H:1V from
the toe of the ravine. However, it is possible that buffer requirements for the creek within
the ravine may result in the retaining walls being located outside this limit.

The major issue for slope instability is whether seepage may occur from less
impermeable silt layers further down the slope. Such zones are particularly susceptible to
sliding.

Recommendations

We recommend the following:

Field Visit Observations - March 23 2006.doc 2 HWA GEOSCIENCES INC.



March 24, 2006
HWA Project No. 2003-008-21

1. The land surveyors should develop cross sections at right angles to the slope at
critical locations. These cross sections should extend from the base of the ravine
to beyond the crest of the existing fill slopes. These sections would then be used
as a basis for geological mapping and geotechnical slope stability assessments.

2. Undertake detailed geological mapping along the cross sections to prepare
geological profiles for use in slope stability evaluations. The mapping should
particularly aim to locate any silt layers and the location of seepage zones.

3. Drill at least 3 borings to prepare a geological profile through the slope to provide
subsurface information for slopes stability calculations. Borings should extend to
depths of around 50 feet. Alternatively, borings to depths of around 20 feet could
be undertaken on the slope using hand portable drilling equipment.

LA PIANTA PROPERTY

This property is located on the south side of the facility, immediately east of the present
entrance. The new entrance is planned to go through the property, and large retaining
walls will be required to support the outside edge of the new road.

Observations

We could not enter on the property but observed the following from the existing
roadway:

* The site is steeply sloping, and has a ravine near the south end (roughly opposite
the existing entrance) that likely carries runoff draining from I-5.

¢ A flatter zone is present where the planned new roadway would enter into the
existing transfer station site. Much of this area appears to be underlain by solid
waste.

e The trees on the property generally have straight trunks and are not bent as is
often associated with soil creep and sliding. The understory consists of brush and

blackberry vines.

¢ The adjacent segment of entrance road is supported on a low fill, but is
performing well despite the very heavy traffic.

Comments
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For planning purposes at least 2 borings should be drilled on the property to allow slope
stability and over stability of a retaining wall and provide information for foundation
selection of the retaining wall.
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TECHNICAL MEMORANDUM
TO: Karl Hufnagel, P.E. / R-W. Beck
PREPARED BY: Brad Thurber, L.E.G., Sa Hong, P.E. / HWA GeoSciences Inc.

SUBJECT: SLOPE GEOTECHNICAL ISSUES
Bow Lake Transfer Station/Recycling Facility
King County, Washington

PROJECT NO.: 2003-008-21

DATE: November 16, 2006

The purpose of this Technical Memorandum is to address qualitatively potential slope
stability issues for design and reconstruction of the site facilities. During the master
planning process, geotechnical conditions for the proposed reconstruction of the facility
were evaluated by reviewing previous geotechnical reports for the existing facility,
advancing several exploration borings and preparing a draft geotechnical report for the
WSDOT parcel (HWA, 2004). Additionally, a geologic reconnaissance was performed
in 2006 of slope conditions along several transects within the subject properties. This
memorandum looks at two separate parcels that together make up the proposed project
site: The WSDOT property and the King County parcel as shown in the attached

Figure 2.

WSDOT Parcel

Observed Conditions

North Slope

Fill has been stockpiled to elevation 315 feet at the top of the north- to northeast-facing
slope of the WSDOT parcel. This slope comprises part of a ravine bordering the north
side of the site. The ravine bottom extends east-west and lies at elevation 170 feet, due
north of the highest portion of the stockpile, and at 90 feet elevation to the northeast. The
base of the stockpiled fill is approximately at elevation 250 feet (i.e. the fill is a
maximum of 65 feet thick), based on previous borings and slope observations (HWA,
2004). The fill side slopes are inclined at about 20% in the upper half and about 30% in
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the lower half (see Slope Profile 1, Figure 3). The stockpiled fill consists of silty sand
with gravel (till fill) in the upper 35 feet, and silty sand with cinder, ash, melted glass,
and metal (derived from former refuse burning) in the lower 30 feet. Maple trees up to
18 inches in diameter were growing on the lower 30 feet or so of the stockpile, and partly
vegetated erosional rills up to 2 feet deep and 5 feet wide were present. The fill is
somewhat setback from the lower natural slope to the north, and the toe of the fill tapers
into a gently sloping bench, from about 20 to 50 feet wide. Earthwork for the new
facility will consist of the removal of a 40- to 60-foot thickness of old fill, and
construction of a perimeter road that is partly on fill. The transfer station building will be
founded partly on old fill and partly on native soils. Utilities will be trenched through the
site as well.

The surficial soils along the bench are gravelly and very dense. The outer edge of the
bench is the crest of the natural steep ravine slope, which descends at gradients of
approximately 55 to 60% in the upper 35 feet, steepening to approximately 75 to 80% for
the remainder of the slope down to a stream at the ravine bottom. The ravine slope soils
consist of loose sand (colluvium) over very dense, clean, sand. The slope surface was
probed with a 3-foot long, /2-inch diameter, steel rod. The thickness of loose sand was
observed to be as little as %2 to 1 foot in an erosional side ravine, and 2% feet to more than
3 feet along most of the slope. Many of the trees on the ravine slope have straight trunks
indicating that slope creep is minimal. However, we observed evidence of at least two
recent shallow slides in the 15- to 20-foot high walls near the ravine head (west end) by a
culvert outlet.

Ground water seepage was observed at the western end of the ravine in very dense sand,
at about 100 feet east of the head and a few feet above the stream, and at the heads of two
side ravines approximately 100 feet higher than the stream.

East Slope

The eastern slope of the WSDOT parcel consists of the soil stockpile in the upper
approximately 65 feet, inclined at up to 55%. The east property line fence is at or within
10 feet of the stockpile toe. Eastward from the toe is a gently-sloped bench, contiguous
with the bench on the north side of the stockpile, inclined at approximately 20% and just
over 100 feet in width. The outer edge of the bench forms the crest of the steep natural
slope, inclined at approximately 85% in the upper 40 feet or so, then sloping more gently
into a bowl-shaped area, with a second bowl down slope from it. Such bowls are a
typical geomorphic expression of former land sliding. The slope beneath the second
bowl down to the Green River Valley floor could not be observed from the bench (the
natural slope was not reconnoitered below the bench, only observed from above). The
bowls were vegetated with blackberry brambles, an indicator of ground disturbance (such
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as by land clearing or grading activities, or by sliding). Based on preliminary
observations of the site and its surroundings, it appears that the east property line of the
WSDOT parcel is a sufficient distance (approximately 100 feet) from the crest of the
steep slope to provide an adequate buffer for on-site development up to the property line.

General Observations and Conclusions

The slopes on the north and east sides of the WSDOT parcel are judged to be Class 2, 3,
and 4 per the City of Tukwila Municipal Code sensitive areas designation (TMC
18.45.120 A.). The ravine slope profile is convex, with the steepest portions at the
bottom of the ravine. The slopes also are mapped by the City as an erosion hazard area.

No evidence of deep-seated sliding is evident on these slopes, only surficial soil creep
and isolated shallow sliding. Such shallow slope movement will occur periodically over
time as the underlying very dense sand mechanically weathers. Most of this movement
will occur in the steep lower portion of the ravine slope, in relation to where ground
water seepage occurs.

The natural processes of soil creep and skin sliding will continue whether or not the
redevelopment takes place. However, present runoff to the slopes that could contribute to
creep and shallow sliding will be reduced by the capture of stormwater and re-direction
from proposed impervious surfaces. Such slope movement would not pose a threat to the
proposed development. An appropriate buffer distance between the crest of steep natural
slopes and proposed site development will be recommended by the geotechnical engineer
during the design phase and approved or revised by the City, per Tukwila Municipal
Code 18.45.120 C. Geotechnical borings will be conducted along the north-facing slope
as needed to develop a geologic profile for slope and seismic stability calculations. Such
calculations will determine current stability conditions and relative changes in stability as
a consequence of construction. Geotechnical borings within the old fill will be advanced
to determine appropriate foundation types for the building.

The outer edge of the perimeter access road, as envisioned in the preliminary design, will
be supported on several feet of fill for a portion of the roadway. Some of the fill could be
placed as a side-cast fill, where the existing cut bench is wide enough to accommodate
the fill and steep slope buffer. The fill footprint could be reduced by construction of a
retaining wall such as a mechanically-stabilized earth (MSE) wall, or a soldier pile wall.
Geotechnical borings will be advanced and engineering analyses conducted in order to
determine appropriate wall types and design details.

The proposed removal of approximately 40 to 60 feet of the existing fill stockpile will
eliminate long-term issues of erosion and slope stability for that portion of the slopes.
Stormwater runoff to the remaining fill and bench slopes will be significantly reduced by
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capture and tight-lining of stormwater from graded areas during construction, and over
the long-term from proposed impervious surfaces (roofs and pavements). These
remaining slopes will be graded and vegetated to reduce erosion potential.

Construction-period mitigations include maintaining temporary site grades to drain away
from the steep slopes. Additionally, typical Temporary Erosion and Sediment Control
Best Management Practices (TESC BMPs), such as silt fencing, mulch berms and
placement of mulch and/or seeding in disturbed areas after grading, should be employed
to limit potentially adverse effects of stormwater runoff during construction. Temporary
soil stockpiles should be kept away from the crest of the steep slope a horizontal distance
equal to twice the height of the stockpile, or other setback distance determined to be safe
on the basis of detailed stability calculations.

The proposed facility reconstruction will result in a significant reduction of existing fill
on the WSDOT parcel (e.g. a 40- to 60-foot thickness will be removed) such that
construction of the new transfer station building and associated roadways will result in a
net reduction of load at the top of the slopes. This fill removal will generally improve
overall global (deep-seated) stability of the natural slopes below.

In summary, based on the preliminary investigations completed over the last several
years, we do not see any slope conditions on the WSDOT parcel that present slope
stability or slope erosion problems that cannot be dealt with through the application of
conventional, routine, geotechnical design practices and TESC BMPs.

King County Parcel

Observed Conditions

The east slope of the existing transfer station is not as steep as the WSDOT parcel slopes,
based on a topographic site plan developed from aerial photos and from our recent field
reconnaissance work (see Slope Profiles 2 and 3, Figures 4 and 5). An extensive area of
the slope is covered almost exclusively with invasive blackberry brambles, which could
be indicative of past ground disturbance, but is more likely the result of landfill slope
maintenance by the County. Previous geotechnical explorations (HWA, 1993) indicated
fill and refuse depths up to 45 feet at the crest of the slope. The former landfill, with a
soil fill cover, extends far down the slope to about elevation 160 feet (HWA, 1993).

Elevations of the eastern slope vary from approximately 245 feet, at the transfer station
perimeter road, down to 80 feet at the southeastern property corner. Along most of the
southern property line, the slope is traversed in an easterly direction by a 50-foot wide
bench, which then traverses northeast and northward along contour and gently slopes to a
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100-foot, or so, wide cut bench at the northeastern property corner. A narrow dirt access
road (grown over) descends the slope from the north (crossing the LaPianta property
from the WDOT parcel) to the wide bench area at the northeast corner.

The slopes above the bench and old road are covered with blackberries, and the surficial
soil consists of brown silty sand, with some scattered refuse on the ground surface,
consisting of old bottles, tin cans, and other metal and glass debris. Slope inclinations
vary from 10 to 48 percent along short distances down the slope, indicative of modified
land. The slope below the wide bench is more consistent, with gradients ranging from
40 to 45 percent. Scattered trees present in this lower slope consisted of 8- to 12-inch
maples, 12- to 18-inch cottonwoods, and 6- to 8-inch alders, the latter of which had died.
The lower trunks of the trees are bent or pistol-butt shaped, indicative of soil creep.

Based on visual observations, the toe of the slope east of the King County parcel, on the
LaPianta property, consists of a 25-foot or so high cut slope at about a 1/2H:1V
(Horizontal: Vertical) inclination. This steep cut is buttressed by an Ecology Block wall,
four blocks high, backfilled with sand and gravel, at the edge of a paved lay-down yard
on the Green River valley floor. The soils exposed at the top of the cut appear to be
glacially over-consolidated silty sand with gravel.

Two 12-inch storm pipelines are visible on the slope: a corrugated plastic pipe along the
upslope edge of the southern property line bench, and a 12-inch concrete-to-corrugated
metal pipe located due east of the north end of the existing transfer building. In late
October 2006, we observed no water flow at the culvert outlets on the slope, despite
heavy rainfalls. However, according to site utility plans and visual observations,
stormwater is discharged to the top of the fill slope, to the southeast of the transfer
building. Surface expressions of the stormwater discharge consisted of fresh green grass,
remains of wet-soil plants (Queen Anne’s Lace) not seen elsewhere on the slope, and soft
ground underfoot. No surface water was observed.

General Observations and Conclusions

The slopes of the east to south sides of the King County parcel are judged to be Class 2
and 3 per the City of Tukwila Environmentally Sensitive Areas designation (TMC
18.45.120 A). These slopes also are mapped by the City as an erosion hazard area.

No evidence of recent deep-seated sliding is evident on these slopes, and none has been
documented in the past 20 years of our experience with the site. We did not observe any
signs of erosion on the slopes. Some past soil creep is evident on a portion of the lower
slopes within the property. The cut at the slope toe (on La Pianta property) does not
show evidence of sliding, and the buttress wall appears to have supported the toe for

Geotechnical Memo Nov (part 4).doc 5 HWA GEOSCIENCES INC.



November 16, 2006
HWA Project No. 2003-008-21

many years. Any future sliding below the King County property should not affect the
proposed development.

Redevelopment of the existing transfer station will result in little to no placement of
additional fill, removal of refuse in a small area for new truck scales, and pavement of
more area than the current extent of impervious surfaces.

Proper TESC practices will need to be implemented during construction in order to
prevent concentration of stormwater onto the slopes.

Placement of any fill in relation to slope stability will be evaluated during the design
phase. As appropriate, mitigation measures will be implemented to ensure fill placement
is consistent with long-term stability requirements. It is noted that the conceptual design
proposed in the Facility Master Plan does not contemplate adding any fill above the
existing slope.

Captured stormwater will be either tight lined eastward to an appropriate discharge point
on the Green River Valley floor, or dispersed and infiltrated along the slope. A
geotechnical slope stability evaluation will be conducted during the design phase to
determine an appropriate route and geotechnical parameters for construction of the
stormwater pipeline, and/or slope stability for stormwater infiltration. A pipeline could
be installed in a trench, or be laid on the ground surface and anchored to the slope with
ground anchors such as helical piles.

In summary, based on the preliminary investigations completed over the last several
years, we do not see any slope conditions on the King County parcel that present slope
stability or slope erosion problems that cannot be dealt with through the application of
conventional, routine geotechnical design practices and TESC BMPs.
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