Appendix D — Geotechnical Engineering Studies

Slope Geotechnical Issues (2006)

Field Visit — Observations and Conclusions, Bow Lake Transfer Station / Recycling
Facility, King County, Washington. King County Solid Waste Division (2006).

Draft Geotechnical Evaluation Report: WSDOT Property, Bow Lake Transfer Station
/ Recycling Facility, King County, Washington. King County Solid Waste Division
(2004).

Geotechnical Engineering Study: Bow Lake Transfer Station Improvements Facilities
Master Plan, King County, Washington. King County Solid Waste Division (1993).



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
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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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TECHNICAL MEMORANDUM
TO:; Kar]l 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 Famhty
King County, Washington

PROJECT NO.: 2003-008-21

DATE: March 24, 2006 -

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; Ian 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 'geétechnical 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-éided ravine on
the north side of the WSDOT property because the draft Facility Master Plan envis agesa
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 colluvinm are present.

o The near vertical face appears to have developed partly from erosion cansed by
discharge from a culvert located about 30 feet back from the face, and degradanon
caused by root wedcmg and freeze-thaw effects. We consider that degradation is
currently occnrring 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.

o 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.

e 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.

o 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.

e 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:

%)
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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.

L.A 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:

o 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-3.

s 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.

» 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.

o 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.

Field Visit Observations - March 23 2006.doc 4 HWA GEOSCIENCES INC.
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R. W Beck
1001 Fourth Avenue, Suite 2500
Seattle_ WA 98154-1004

Atfention_: Mr. Karl-Hnﬁlagel, PE.

SUBJECT: Draft Geotechmcal Evaluatlon Report
' ' WSDOT Property
Bow Lake Transfer Station/Recycling Facility
King County, Washington

Dear Sir:

sliminary _geotechnical
¢ Bow Lake Transfer

‘We appreciate the opportumtytoprowde geotechmcal semc:escm ‘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, PE.
Senior Geotechnical Engineer -
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DRAFT GEOTECHNICAL EVALUATION REPORT
' WSDOT PROPERTY
BOW LAKE TRANSFER STATION/RECYCLING FACILITY
| K[NG COUNTY, WASH]NGTON '

1.0 ]NTRODUCTION

1.1 GENERAL

This report presents the results of a geotechmcal evaluatlon 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
peotechnical constraints that may impact King County’s deliberations in respect to
purchasing the property for expanding the existing faci]ity. |

=WE%?}

This work was performed
Collection, Evaluation and/Development.

ort, only very oncepts 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. Commontoall =
 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 311 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

feet of fill material. Excavated fill material must be disposed off-site because very little
additional fill is required for future development of the facrhty '

preparing this geotechnic :eva.ltlon Ieport, ¢ onl ' very

. HWA GeoSciences Inc. (HWA) prevmusly undertook a geotechmeal 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 Memora.udum dated March 4, 1994 and is also included for reference in

Appendlx C
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2.0 FIELD EXPLORATION AND LABORATORY TESTING
2.1 FIELD EXPLORATION |

HWA performed subsurface exploraﬁons 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 locatipns are _ the 1| Plan (Figure _2),
" which is an extract from a ; opugraghmaLmte s i by R'W. Beck on
December 16, 2003. It shq _cﬁﬁe i"r%tef ! the'h e Approximate because
~ of discrepancies between the slirveyd comordinafedi n tﬁg ¥ drawiing and exploration
location co- ordmates supp edgm %@ﬁmeyofs Dﬁ ot %b?f‘lo ZDU%" ‘

:u

The borings were advanced usinga 4—im_:h inside cntiuous 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 intérval, 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
precxsely 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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locations reported and, therefore, are not necessarily representative of other locations and
times, - ‘ : o '

2.2 LABORATORY TESTING

' Laboratory testing of samples retrieved from the bormgs included moisture content
particle size analysis, Atterberg limits, m01sture/den51ty, 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
iised and a summary of the test results are presented in Appenchx B. '

3.0 SITE CONDITIONS

‘3.1 SITE DESCRIPTION

‘The WSDOT property is located 1mmed1ate1y north of the ex15t1ng Bow Lake Transfer

Station against the eastern F e 2). The eastern
side of the site is part of a ong down gradrent slope extendmg to | th Duwam15h River

On the north side of the . : . a e dJ: do - n inta # the valley. Total
topographic relief Tanges i ¢ep u@:the stoekprl - to El. 25 feet at the
valley floor. f :

 The property is dommated by a Iarge ﬁ]l stockpﬂe that was pIaeed 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 a.nd top surfaee of the stockplle

- Figure 3 shows an east-west proﬁle drawn through the site. Exrshng 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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: blackbeny thickets along the lower parts of the site contnbuted to Im:uted site access.
The top of the ﬁll was sparsely vegetated . :

" No evidence of fill mstabﬂlty was observed, even along the slope crests WhBI.'E: sloughmg .
typ1cally oceurs 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 glamatmn portions of the Puget Lowland filled
with alluvial sediments depesited-byrivers-draining, -ﬁﬂﬁi&&t&ﬂtﬁlﬂpﬂs of the Cascades
and the eastern slopes of tje Olympics. The most rec
Glaciation, included the a_:r t :

ice sheet advanced and re

Surficial geological mformahon for the site area was obta.med partly from the pubhshed
geological map; “Geclogic 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 den51ty/strength due to
 glacial over-consolidation, and typlcally 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 ons1te meetmg held W1th R. W Beck to select boring Iocanons it was dec1ded

' 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 westemn 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 fill
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 bnef descnptlons of the soil deposits encountered in our explorations, in
the order of siratigraphic sequence by which they were deposited or placed with the
youngest unit descnbed ﬁrst s _ _

to silty sand mth
surface and extend

_ & QOlder Fill with Refuse — The older_ﬁll is Iecognized by a blackish-b'rown' color.
- Older fill was encountered in BH-3 and BH-4, and consisted of silty and sandy
gravel to silty 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 o |

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

. Outwash/Ice-Coutact 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 depos1ts can also be
classified as a kame-terrace deposit.
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34 SUMMARY OF BORINGS

Table 1 summarizes detaﬂs of the bormgs and Fi igure 3 showsa geologwal proﬁle

through the propert‘y

Table 1. Summary of Condmons Encountered in the Borings

BH;I 273 29.5 65 44 Medmm dense, fine to medlum sand
' _ (243.5) with silt and gravel -
_— 276 . Weaghered ﬂiﬁ grading to till over
' IR _ﬂ '
' Loo%o m%dlum dense, sﬂty
: - graveliy sartl with refuse inclusions
‘BH-3 275 E
_over dense, 5’- ne to clean sand, ice-
” contact drift
_ 35 : Thin layer of medium dense fill
BH-4 286 @51 1 .49.5 over medium dense, clean fine to
_ ' " | medium sand, ice-contact drift
BILs 21 2 No -ﬁ}l 41‘5' N M_ed.ium dehse‘td veg} de'nse', firie to
_ ‘ (277 remaining - medium sand, jce-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, 1t ‘was suggested that the area was previously a swale before

_ la.udﬁllmg
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‘35 | " GROUND WATER

No ground water was encountered in any of the bormgs (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 1mpact '

~ excavation and de51gn of structures on the property

No water was encountered in these plezometers 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 hlghest eleva‘uou

4.0 DISCUSSION AND CONCLUSIONS

4.1 GENERAL '

This prelmnnary mvestlgaf Bl

water was encountered withinlg
surface of the native glac% EHOSIES SIT hatithe s e
used as a borrow pit prior g) Iandﬁllmg The prevzous study Imdert ken by HWA on the -
existing transfer station sitgindicated.that.the trans ion.siteswas originally a burn
dump dating back to the late 1930s/early 1940s, Pnor to 1936 the entire area wasa -

Wooded hillside.

1t should be noted that this is a pre.limjnary. 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 current investigation, drilling was not

- undertaken along the extreme eastern portions because of the steeply sloping ground. -

Also, as discussed previously, drilling through the recent fill 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. Dependingon

what is planmed 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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- demgn, addmonal 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 firture 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 procesd thh acquiring -
the preperty, then environmental testing would be required.

4._2 - REUSE OF MATERIAL EXCAVATED FROM ABOVE FINAL GRADE

4.2.1 - Recent Fill ; 7
The borings were Tocated ound the edge of theﬁlrecent ﬂH and'so d not prowde

complete information on the ﬂi‘]ab ¥ ofithe réeent fill. sl myise failed information is
required on the recent fili, estj;;gﬁsﬁg uid be ckeay -‘ argtracked excavator.
We further recommend that WeBO T n &t Whetherthisy hive any information
on the material, e5pecially vher __ nce of cobble \and boulders, and

any test results etc.

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 fill
provided it is placed in dry conditions, and carefull compaction controls are applied.

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

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

. Cobbies, boulders and concrete rubble are present in the fill. Screening is-
likely required to make the material suitable as backdill.
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s

o The matenal should be compacted in layers of not greater than 8 mches (loose
' layer) thickness.

- ®  Compaction should be undertaken to at least 95% of maximum dry density
determined in accordance with ASTMD 1557 (Modiﬁed Proctor).

. Compactlon moisture content should be vnt]:un 2% of the Modlﬁed Proctor
optimum moisture content for the material.

_wé did not detect evidence of soil contarmination based on observations of soil color and
. smell. However this was not an environmental investigation, and further mvesnganon is |
requlrecl to confirm that the matenal is not contammated : '

4.2. 2 Older Fill

Older ﬁll was encountered in bonngs BH—l BH-3 and BH-4 located in the central and
. eastern paIts of the property. . Olcler_ﬁllls easﬂy recogmzedbya dlstmctlve blacklsh-

~burning. Based on the preen L. oﬁl:s g.
- recovered in the borings, aj d tﬁ“ﬁ%’%ﬁoﬁs ’
transfer station property, i .

.- on the adjacent .

-

3 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 orgamc
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 matenal 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 antlcrpate that it will be difficult to find a market for this matenal even as
- non-structural fill.
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| : 4.2.3 -Native Glacm] Materlal

'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 Classnieanon of SP/SM). Fmes content varied ﬁom 18
to 25% in BH-2 to 15 to 17% in BH-5. _

' Some native matenal will meet the WSDOT reqmrements 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 ant101pate that the Count){ will find sou;ces for the disg os thJS matenal without

great difficulty provided itf1 —deaionstrate that'thatehhas not been contaminated by

leaching of contaminants ffom the the n:nxed ﬁ]l ang refuse abomﬂﬁ Ho ever based on
observations of soil color 3 ol encE E

ti o1t Was apparent

The material is suitable foz uséas%ﬁtm 1511
detailed for recent fill in section 4.2.1. -

* nd compacted as

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 .siope 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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o a.long the eastern property line to prcmde mformatlon for the Critical Area Rev1ew

especially if addmona.l fill or retaining walls are placed in this area. .

- Currently, we observed no md1cat10n of slope msta‘mhty In addition, we are not aware of *
slope instability along the eastern side of the emstmg fac111ty 'An advantage of the plan

o excavate the property to about El. 250 feet is that slope stability will be m:tproved

' because most of the fill adjommg the top of slope will be removed.

Although we did not observe ewdence of ground water in the borings durmg drlllmg, the
following potential slqpe instability modes should be considered during detailed design:

e Instability of the eastern slope of the older fill, if excavation does not extend
down to EI 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 dramage is
‘good and water table is deep

P A SRR i

s Slope mstabzlnjz resulting jrom liquejaction occurrmg e 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 Excavatlons

- Maintenance of safe working condmons including temporary excavation stabxhty, 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%H: 1V. In lieu of
excavations sloped to these requirements, trench boxes or other suitable shormg means
may be used to permit work in trenches in excess of 4 feet in depth. ‘Heavy construction-
equipment, construction matemals 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 shonng system has been des1gned for the addmonal Iateral

pressure.
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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 mclmat]on accordingly.

| For long—term stabrhty, slopes should be cut no steeper than 2H: lV

_ _443 Foundatlons N

: Fou.ndahons w1].l be placed either on native glacxal 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.. -

o

d-be ,,_fomﬁ
of ,0@ 5

= ggerﬁal'ﬂfoo s shibuld be placed at
E%cggﬁ acE To7 Trost pﬁ%%btro .

i

-Structures located on older fill, where at least 10 feet of overlymg 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 structural fill placed over the fill. The

' footing should be designed for an allowable bearing pressure of 1,500 psf, subject to
" minimum chmensrons of 3 feet and 1.5 feet for pad : and strip footulgs resPectwely
External footmgs should be placed at least 1.5 feet below fmal ground for ﬁ:ost

' protection.

Foundations on Older Fill Material where less than 10 feet of Fill was Removed: If
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 bulldmg on p1les or a mat foundation.

‘leferennal settlement of footmgs des1gned 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
Tmown. :
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4.4, 4 Retammg Walls Supporhng Cuts

"Conventional concrete cantilever retaining walls or soil nail waIls 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 I-meter (3.3
feet) of the walls should be compacted with lightweight equipment. Care must be taken
to av01d over—compactlon near the walls, or exeesswe 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 coefficient of friction of 0.5 may be assumed between the
base of the footing and native foundation soils or compacted stuctral fill. A passive
earth pressure equivalent t a fluid welghmg 260 pef may be assum for properly

44,5 Retaining Walls Supporting Fill

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. Finat wall

-selection is dependent on the wall location, space available to accommodate wall

construction, fill height, presence of suitable native bearing material at reascnable depth,

and structural loading. " It is necessary that walls along thie extreme east of the site should” ~ -
be founded on native glacial material. Iffill is present, the fill should be excavated and
replaced, or consideration should be given to the use of a soldier p11e and lagging wall if

the fill is deep.

Reinforced soil slopes Wﬂl also. be suitable.

4.4.6 Draiﬁag’e | _
No special drainage requirements, other than those typically provided, are necessary.
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4.4.7 Subgrade Preparatwn for Roads

The native glacial material will prov1de 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 separanon grade geotextile
(Clause 9.33 2 Table 3, WSDOT Spemﬁcatlons)

"The de51gn thickness of the overlymg pavement and surfacmg layers is dependent on’
demgn traffic and road performance reqmrements

4.4.8 Soil Corrosivenes_s. | _
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 ohm-cm, and potentially corrosive soils have a resistivity of less than
2,000 ohm-cm. ‘Soils with I‘BSISthltleS below 5 000 ohm-cm should be subject to more

detailed chemical testing tqevaluate the Tial for cotrosion.  hejresults show the
resistivity of the older fill ' much Iower than the underlymg glamal : aterials, which
indicates older fill is more o -“ Sh Buceptibn isiBe,o eathered
drift/colluvium (BH-4, S- 8 i _n sk .. the 5’- thathasa

flyift: Glieh-filERTs-indi s,: some migration of

resistivity similar to that of
leachate from the overlym

Based on these Tesistivity 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 stee! 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 Preparatien

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. matenals 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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(Compactmg Earth Embankments) and/or Section 2-06. 3(1) (Subgrade for Surfacmg) of -
- the 2004 WSDOT Standard Spec;ﬁcaz‘mns - . _ _ :

452 ‘Structural Fill and Compactlon |

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. Imperted 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 descnbed
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 structizals ild-beat-orneareptimm-The procedure required
to achieve the specified mjﬁumum relatlve compactlon depends on size and type of
compaction equipment, the number 5 : _emg compacted,
and the soil moisture-density p e '

When the first fill is place% 3 Br
area should be considered 4 te st section should be 1
placement and compactlon procedures rmre 1 to achieve 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.

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 conclusions 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

2003008-21 Bow Lake WSDOT Property Draft Reportdoc 15 ' -~ HWA GEOSCIENCES INC .



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

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 conclusmns and recommendanons considering the changed COﬂdltIOIlS and time

lapse

This report is issued with the understandmg that it is the responmbﬂ.tty 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
mnvestigations, 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 compactlon are accomphshed in accordance with the
SpEGIﬁCﬁthHS - = S e e A S ey A P T

Wlthm the h_mltatlons of sop rodicdgions wdgets Vgatis d to execute these
Herd! bfessiefial piinciplds and practices in the .
ime the report was

This ﬁrm does not practlce 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 notlfy the owner if any of the recommended actions
presented herein are. con51dered unsafe

O-O

We appremate this opportumty to be of service.

Smcerely, ,

HWA GEOSCIENCES IN(s. |

Brian E. Hall, P.E. o  SaH.Hong,PE.

Senior Geotechnical Engineer | ‘ Prmmpal Geotechmcal Engmeer
BEH:SHH:shh |

2003008-21 Baw Lake WSDOT Property Draft Reportdoc 16 HWA GEOSCIENCES INC
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- APPENDIX A

FIELD EXPLORATION




i

~

RELATIVE DENSITY OR CONSISTENCY VERSUS SPT N-VALUE “TEST SYMBOLS
COHESIONLESS 50CILS COHESIVE S0ILS %F Percent Fines
“Appraxmata AL Atterberg Limits: PL = Plastic Limit
Density N (blowsift) & a:u%‘;m;i::;; %) Cansistency N {Blows#} Undrained Shaar LL =Liquld Limit
Sirength {psf) CBR  Californla Bearing Ratio
Very Lovsa Ota 4 0 - 15 Very Soit 0o 2 <250 CN Consolidation
Locse 4 10 10 15 - 35 Soft 2 o4 250 - 500 DD Dry Density {pch)
Medium Dense 10 v 30 35 - 65 Medium Stiff 410 8 s00 - 1000 DS  DirectShear
Densa 20-ta 50 B - 85 St 8 to 15 " 1000 - 2000 &5 Grain Size Distribuilon
Very Dense over 50 85 - 100 Very Sliff 15 to 30 2000 - 4000 K Permeability
‘ Hard over 30 4000 MD  Maisture/Diensity Relalionship {Procior)
' MR Reslilent Modutus -
USCS SOIL CLASSIFICATION SYSTEM PID Photolonization Device Reading
PP Pocket Penetrometer .
MAJOR DIVISIONS . GROUP DESCRIPTIONS Apgrox. Cempressive Slrenglh {isf)
5
Gravel and ~ S GW | Wel-graded GRAVEL 5G  Specific Gravity
Coarse Gravelly Sails ?EE" Gravel ;ek TC  Triaxial Compression .
Grainad (e orna fnes) e\ GP | Poory-graded GRAVEL TV  Torvane
Salls ) 1 Approx. Shear Strength {is}
Moara than h
50% af Caarse Graval wilh - ol b GM | sity GRAVEL UC  Uncanfined Compresston
Fraction Relalnad Fines {appreciable . ;"
an No, 4 Sleva emount of fines) Clayey GRAVEL -SAMPLE TYPE SYMBOLS
Sand and Claan Sand Wall-graded SAND N 2.0" 0D Split Spaan (SPT) ‘
) Sandy Sclls {140 |b. hammer with 30 In, drop)
Mora than (fitla or na fines) Foorly-graded SAND Shell b
50% Relained 20% or Mora helby Tube
art Mo, Sand wi '
o of Cogrse And will i 8 Sty SAND B 3-1/4° 0D Spllt Spoon with Brass Rings
200 Sieva . Fines {(appracishle
Size Fractien Passing " amourt of fines) ,/;/ 1.8C | Clayey sanD :
No. 4 Slava : é yey O Smatl Bag Sample
Fina it S QJ ~~ T Large Bap (Bulk} Sample
Linuid Lo e .
Gralned .and
. Salls clay - Lassth 5“'*'  CoreRun,
i Man-standard Penetration Test
(3.0" 0D split spoon)
g St Lgm ) : )
50% or Mors o Liquid LEnit /
a
Passing . n 50% urq o GROUNDWATER SYMBOLS
Clay
Na. 201 Slave ‘ Groundwater Leve! (measured at
Skze ) time of drilling)
Highly Organic Scils Groundwater Level (measured in well or
apen hole after watsr level stahllized)
COMPONENT DEFINITIONS COMPONENT PRCPORTIONS
COMPONENT SIZE RANGE PROPORTION RANGE DESCRIPTIVE TERMS
Boulders Larger then 12 in .
< 5% Clean
Cchhles dinta12in
Gravel 3ln v Na 4 (4.5mm) -
5-12% . Slightly {Clayey, Slity, Sand:
Goarse grave! IinteIdin 2% lightly (Clayey, Siity, )
Fine gravel 3/4 In ta Na 4 (4.5mm} : 4 "
: 12-30% Gl , Slity, Sandy, Grave
Sand Na, 4 {4.5 mmj to No. 200 {0.074 mm) ayey, Silty, Sandy. Y
Coarse sand No. 4 {4.5 mm) fo Na. 10°(2.0 mm) . ) - _
Mefim sand No. 10 (2.0 mm} (o No. 4% (0.42 mm) 30-50% Very (Clayey, Silly, Sandy, Gravelly)
Fine sand Na. 40 {0.42 mm) to No. 200 {0.074 mm) i i
Slit and Clay Smeller than No. 200 (0.074mm) Components are aanged in order of Increasing quantities.
'NOTES: Solt classifications prasented on exploralion logs are based on visual and Iahuratnry uhservation. . -
Soll descriptions are presented in the following general arder; . MOISTURE CONTENT
Deansity/consistency, color, modifier (if any) GROUF NAME additions to group name (it any), molsiure DRY Absenca af moisture, dusty,
content. Preporfion, gradalion, and angufanly of consbitvents, addiional comment: dry ta tha toech.
{GEOLOGIC INTERPRETATION) .| MmosT Damp but no visiole waler,
Please refer lo the discussian in the report text as weil as the Exprorallcn logs for a more . Visitle frea water, usually
- sall is below waler labla,
complete description of subsurface conditions.

o
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" { DRILLING COMPANY: Hnluﬁane Drilling SURFACE ELEVATION: 279.00 £ feel

. DRILI.ING METHOD: Hollow-5Stam Auger, Mobile B-61 truck fig -
SAMPLING METHOD: SPT wi Autohammer
LOCATION: See Site & Exploration Pian, Figure 2

DATE STARTED; 10/%/2003
DATE COMPLETED: 10/2/2003
LOGGED BY:" B. Thurber

Lt
g <
5 £z g8 ©
= Fz ol Lt
= 8 ww o g
P Q - = oo
Fa- @D wn o o - 1]
5% 2 8 22 F5 £
o @ 3 DESCRIPTION wi-ad oLZ - 0
0— - : _
' e d GM [ Medium dense, olive-brown, silty, sandy, fine lo coarse
- )"C) -‘GRAVEL, maist. .
& |0 {REGENT FILL)
44 a ( C
el b
THRIEY Cuttings: arange-brown, slity, fine to medium SAND, dry.
-Medium dense, rust- and gray-matiied light brown, silty, h/ 51 570
gravelly, fine o medium SAND, damp. ’A

(WEATHERED TiLL)

{
g O] e
2

‘C' J GM | Gravelly drill acflon, 7 to 15 feel.
h )
168l
10— b7 - A
e |0 Very dense, olive-brawn, silty, fine to coarse sandy, fine to 5-2 30-50/2"
dpr coarse GRAVEL, mailst to wet, ) )
1 1el0b L[ E R pEE——
T o
dhide
b
BIcAE
s 1

RIS]

Dense, olive-brawn, slléy 1o clean, fine gravelly, fine o S4 10-17-21
medium SAND, maist, Statified. | _ | ‘ :

Dense, light alive-brown 1a gray, clean, fine lo medlum

SAND, damp.

Dense, light gray, clean, fine to medium SAND, damp ta ' §-5 10-21-25 GS
malst. ) A‘ o pH/IR

exploration log should be read in conjunctlon with the text of the
geotechnical report.

NOTE: This log of subsurface condifions applies only at the specliied location and on the dala Indlcalred

For a proper understanding of the nature of subsurface conditions, this

GROUNDWATER

Standard Penstration Test
{140 Ib. weight, 30" drap)
A Blows per foot

{feal)

© DEPTH

Water Content (%)

Plastic Limlt |——®—— - Liguid Limit

Natura! Water Content

\_ and therefore may not necessarily be indicative of other times and/or lucations.
' ' BORING:
EW - BOW LAKE TRANSFER STATION BH-2
FMP UPDATE AND IMPLEMENTATION -
HWAGEoScmNCEs INC  TUKWILA, WASHINGTON ~ o PR
. . " proJecTNO.  2003-008 FIGURE: ' A2

BORING 2003008.GPJ $/5/04
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([_JRILLING COMPANY: Holocene Drilling

- SURFACE ELEVATION: 279.00 % fest

DATE STARTED: 10/9/2003

DRILLING METHOD: Hollow-Stem Auger, Moblla B-E1 truck rig DATE COMPLETED: 10/2/2003
SAMPLING METHCD: SPT w/ Autohammer LOGGED BY: B. Thurber
LOCATION: See Sile & Exploration Plzn, Figure 2 ’
tn (o 23] a . ’
] o 2 o Standard Paneiration Test
3 w & £ w ¢ :
S 2 g Ea B o {140 [b. weight, 30" drop)
4 g FZzpE B % A Blows per foot
(TTRTTS 1w
s o .4u = s o 4 T
= O w0 o o .8 i} =2 E
18 5 g - $z g5 £ ¢ b3
a2 & 8- DESCRIPTION d @& &2 & O ag
— - ] - D
30 Dense, light aray, clean to slightly silty, fine to medium AfS-6 10-18-19 3
. SAND, maist. Minor silly sand lenses, 1-5 mm thick.
35 -~ : —35
Dense, light gray, clean, f‘ ine to medium SAND damp. Y S-7 14-24-26
- Appears massive, - M
40 — ' ‘ . .
: Very dense, light gray, tlean, fine to medium SAND, damp, S-8 12-27-38
E With lenses of slightly slliy sand, 3-3 mm {hick. :
45 —|
50 —
55—
Eﬂ'-J : ' ‘ , o =m @ & @ : T
For a proper understanding of the nature of subsurface conditions, this " Water Cantent (%)
“exploration log should be read | in conjunctton with the text of the Blastic Limt “u- 4 Lt
. astic Limit |——&——] Uquid Lim
geotechmcal report Natural Water Canterit
-| NOTE: This log of subsurface conditians agplies only at the specified location and on thé date Indicated
\_ and thersfore may not necessariiy be indicalive of other times and/for [ocations. - Y,
L - S : . BORING:
I Em BOW LAKE TRANSFER STATION BH-2
: T | FMP UPDATE AND IMPLEMENTATION o
' ‘PAGE: 2 of 2
HWAGEOSCIENCESINC.  TUKWILA, WASHINGTON -~ _ .
proJecT No.:  2003-008 FIGURE: A2

BORING 2003008.GP.J 1/3/04
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(DRILLING GOMPANY: Holacene Drlling " SURFACE ELEVATION: 27500 £ feal - DATE STARTED: 10/10/2003
DRILLING METHOD: Hollow-Stem Auger, Simeoa 4000 tracked rig ) ) : DATE COMPLETED: 10/10/2603
SAMPLING METHOD: SPT wf Cathead ' LOGGED BY: B, Thurber

LOCATION: See Site & Explaration Plan, Figure 2

%] o 8 . o
- w = : Standard Penetration Test-
5 w & < W n :
& o= o Eoom {140 Ib. weight, 30" drop)
= F2 o ms @{ HE
L G- Z ;e ¥ ke A Blows per foot
W w Ll . < f
- o o o R e r 2= T
=.. O w o o T o i Qi [
nLE = O . = = Zz g T N= _ [
a8 & 5 DESCRIPTION - 5% L= 0 z9 : ae
ﬂ: - .. - a i 20 30 40 - 50 0 ~
“Egc GM | cuttings: Light gray, silty, sandy GRAVEL, dry. e I_
° : : L
4 [0 :
Hpd : B
(b ' : : :
- D . - . A -
o (O Medlum dense, light vellow-browr, silty. sandy, fine tu v 51 -610-11 GS :
Ak coarsé GRAVEL, dry. . M : : -
s\ b " {REGENT FILL)
89— ]C_.‘D ""'5
4pM B
4
e I
Pl GM | Glassincullings at 7 fest. ' :
- ]"C) Gravelly drili action, fo 1.5 fest, ‘ ‘ Al
g [ . Very dense, stratiffed dark brown, yellow-brown, §2 21-zr-a0 T
4 G gray-brown, and reddish-brown (2-3 Inch tayers), silty,
SN sandy, fine to coarse GRAVEL, molst. Glass fragments
1D_— )ﬁ o {etear) at 9 fest, in 2inch Iayer of abundant glass; one plece
451 of plasfic sheefing. . -
o CJC (OLDER FILL wllh REFU_SE
40 §-inzh lang, 11'2~lnch matzl plpe injcut]
o [O T
[ zet. .
dbiH
ol b Dirave rock; blow caunts uverstal?.
m ).: o Densa, dark.brown, sllty, sandy,
L ; q " wet. Trace broken glass and partly
151, C)c woad. Peaty adar.
- )c__\D
b b
1ol ,
A _ _
Xul Medium dense, reddish-dark brown, slity, sandy, fine to
Ea E)c. _caarse GRAVEL, wet. With a 1/2-inch black cinder. i -
20 —] )c:l? Fasl, smaoth drill action from 19.5 to 35 feet. —20
a}
- :;:Chc .
7 (O
Thid . I
Jalhd - »
Jc o Medlum dense, dark brown-gray, stlly, sandy. ﬁne GRAVEL I S5-5 458 pHR|:
11 q wet, One plecs of packing lape. ’ ] -~
= .
e Ty — 25
Loose, dark brown, siity, fine gravelly, fine 10 coarse SAND, 86 245 G5 o i
wel, over rust-mattled brown and gray grading to blue-gray, * {iA] -pHIR: o
| siity fine to medium SAND, wet  Trace bmken glass, hard ocl - -
0 20 40 60 80 100
For a proper understandmg of the nature of subsurface canditions, this < -
Waler Content (%)
exploration log should be read in conjunction wuth the text of the
geotechnical report. . PlasticUimit }—@—] Liquid Limit
. . . : " Natural Water Content
NOTE: This log of subsurface conditions applies only at the specified |location and on the date indicated ' ‘
\_ and thesefore may not necessarily be indicative of other imes and/ar localions. . J
‘ ST - BORING:
Em . BOW LAKE TRANSFER STATION " BH-3
FMP UPDATE AND IMPLEMENTATION .
PAGE: 1 of 2
HV\EAGEOSCIENCES INC. = TUKWILA, WASHINGTON _ . o
- proJeECT No.:  2003-008 FIGURE: A3
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DRILLING COMPANY: Halacene Driliing " BURFACE ELEVATION 275 0o + feet DATE STARTED: 10/10/2003
1 DRILLING METHOD: Hollow-Stem Auger, Simcoe 4000 tracked rig - DATE COMPLETED: 10/10/2003
SAMPLING METHOD: SPT w/ Cathead LOGGED BY: B. Thurber ’
LOCATION: See Sile & Exploration Plan, Figure 2 :
. W .
) E . g - Standard Penelration Test
= w 2 =E  ;m N
o o g to' g £ E& a (140 [b, weight, 30" drop})
5 Fz 28 u LE . A Blaws per foot
2 2 Wow = <
T o w - r s o == n
=.. dO. w L ] ] O =
B £ 8 - 2z F: £ Ng L i3
o2 B 3  DESCRIPTION wa. o8 O Rwmg 0 = 3 40 so OF
-30 — - - ) n T e T r— ’—30
. plastic, parify decomposed wood. : : o
T Loose to medium dénse. stratified gray, dark brown, éru:[ : . B
- blackish-brawn, silty, fine gravelly, fine to medium SAND, : AO Do -
wet. Trace broken glass and moslly decompased paper N 57 224 Gs [ T
1 “fiber in-lower & inchas, partly decomposed woed. A oc o -
35 — . :'.. . . —33
’ Minor gravelly drill aclion below 35 feet. Do
| Slough on top of sample: Blackish-brown sofl as above, ,L -
with 1/2-inch thick layer of plastic bags. 58 7-20-1 ot
~ Dense, gray, clean, fine to medium SAND, moist. : I~
40— -{ICE CONTACT STRATIFIED DRIFT) [
N Very dense, gray, clean fine to delu '
- Massive,
45 —
Borehole terminated at 44.5 fast.
- _ Minar ground water seepage encad Jntere
' 35 feet. ]
T Piezometer installed to 30 feet (1-ch sh_edule apve), o
50 e B B B T R AP RTATS 50
EU _J . ) Lo ) ) . N . N . H - T. . —BO
: ) : . - o ‘s 1] 20 40 (4] ao . 100
For a proper understanding of the nature of subsurface conditions, this S Water Conten (%)
exploration iog should be read in con]unctton with the text of the :
geotechnlcal report Plastic Limit }+——@-——] Liquid Limit
’ . Nalural Water Content
NOTE: This log of subsurface condltions applies only at the specifi ted lacation and an the datz indicated - o
\_ and therefore may not necessarily be indicatwa of eiher {imes andfor locations. : Y
o : ~ BORING:
Em ‘BOW LAKE TRANSFER STATION BH-3 .
_ . FMP UPDATE AND IMPLEMENTATION ' oAGE: 2 ré -
. - . - . ‘ [2]
HWAGEOSCIENCES INC.  TUKWILA, WASHINGTON - |
' ' ' ProJecT No: 2003-008 FIGURE: A3

PZO 2003008.GPF 1/9/04.



'(DRILLING COMPANY: Holocene Dilling - - SURFACE ELEVATION: 286.00 & faet DATE STARTEL: 10/8/2003
_DRILLING METHOD: - Hallow-Stem Auger, Simcos dDDD tracked rig - DATE COMPLETED: 10/30/2003 .
SAMPLING METHOD: SPT w/ Cathead . C LOGGED BY: B. Thusber
N LOCATION: See Site & Explaration F'Ian, Figure 2 ) : : :
w w
@ i g Standard Peneiration Test
5 w 94 < W 0 . .
Q o = Eg B ey {140 b, weight, 30" drop}
3 &=z m & v RBE 4 Blaws per foot
. 0 = < .
e [ o Mo r == =
F. @ o oo ] w onr B
LE = O . == 3§ T Q= T
i Wy > m - < <L = = T - . - Ul @
i oS w3 B DESCRIFTION 0 af © B@gy 10 20 ap 20 55 9%
— - ———— 0
. ¢1p I‘ch GM | . Cuttings and drill actian; Loose, brown, sllty, sandy, fine lo T N
- )"E coarse GRAVEL, molst. Gravel subrounded, [ -
o |C . . . : :
e e —— —— —— (RECENTFRL) .~ _ - : Cor
o E)c |- At 2 feet cutlings become dark brown, ' : : : L
N )C o Drill action generally gravelly, from 2 o 33 feet. - 5 51 za17-19 - A :
4L Dense, gray-brown, slity, fine to medium sandy, fine to J ) : L
i 2 E h taarse SRAVEL, moist. Trace wood fibers. . o : : .
| 5 b1 (OLDER FILL with REFUSE) RIS | W
C,\t( Hard, gravelly drill action at 3-3.5 and 6-6.5 feet. :
EE =R . —
58 Foll
o |0 :
ol b L1 g ’ } . : L
) He [f Dense, dark brown (o blackish-brown, with minor light 52 1147418
m )C e brown, organic, slity, fine to medium sandy, fine-to coarse T S S —
] -l GRAVEL, moist. Mild peaty odar. . - S S T S
; 10— P . FIUUOEUUE DU ST SOUSE SN S -SUUNE SO | BT,
| ol Hard, gravelly drill action-at 10 1o 11 feet. R T :
o B
- { o I
‘- Bl5&) _ Rt Do
i , ' ‘o o
' L1 1 Medium dense, stratified blackish i P
el - sandy, fine to coarse , Do I
' dy, fne ¢ GRAVEL, I Do
. iR woad fragments in 1-Inch layer at Do Do
| PREY A
1l IR
g | H o
, 7 °§ { P P
! J1el0hT : ) . - ) P ol
i Jc Iy Medium dense, reddish brown and gray-brown grading to 54 4B-0 P o
: HbH blackish-brown, silty, sandy, fine to coarse GRAVEL, moist. : S -
“ | [sl0h3 Mild peaty odor. Trace broken glass, brick, and plastic : Do
20— b1 sheeting in blackish-brown. poriion (18.5-19.5feat). 24nch frorfoeeloce oot —20
: ; : thick partly decompased wood. . Do R
] ;Ci‘ : Do N
| Al | A
4 JpH ¢ L . y . o ® | lai -
S o Dt - Medium derise, stratified blackish-brawn, blua-gray, and 857 7-10-12 B
' . )c B brown, organic, slity, sandy, fine lo coarse GRAVEL, moist ' P o
Rulil grading {o wet. Trace broken glass and parcelain. oo
25 — uCz ’ : - H ] SRS RNy \ ' i N |25
by -
i 7 )CQD Por -
P ‘CJ'( L
SIL Y F B
. {3 . ) : . ® ‘A -
i [ Medium dense, dark brown with some blackish-brown, silty, 56 7-10-12 GBS |- A
b o
i Sl - sandy, fine GRAVEL, wet. Trace broken glass, brick pHIR . 3
b y ,
'JC o fragments, parlly dacnmposed wund fragmants - O T T a0
; o= 0 20 44 60 a0 - 100
i For a proper understandmg of the nature of subsurface conditions, thls Water Gontent (%)
i exploration log should be read in conjunctlon w1th the text of the .
ectechnical renort. - Plastic Limit —@—— Uquid Limit
8 P - : . Natural Water Contert
] NOTE: . This log of subsurfar:.e ::nndﬁlnns applies only at the 5peciﬁed location and on the date indicated .
i K and therefore may not necessarily be indicative of other times and/or locations. - ,
N | - | | BORING:
Em - BOW LAKE TRANSFER STATICN BH-4
Lizay . FMPUPDATE AND IMPLEMENTATION =~~~ "
. = a
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T4

DRILLING COMPANY: Holacene Drilling SURFACE ELEVATION' 288.00 't fest
DRILLING METHOD: Hallow-Stem Auger, Simcoe 4000 Era::ked rig

SAMPLING METHOD: SPT wf Calhead

LOCATION: See Sile & Exploration Plan, Figure 2

DATE STARTED: 10/2/2003
DATE COMPLETED: 10/10/2003
LOGGED BY: B. Thurber

Loose, light gray and ofive-brown, very sity, fine 1o medium
SAND, moist. Roatlats at 38 feet. Massive appearance.
{(WEATHERED DRIFT { COLLUVIUM) = .

Medium dense, yellow-brown, cle;
~damp 1o moist. 3 lanses of rust- b

Medium dense, light gray, clean, fine to medium SAND,
moist. Siralified, with 3-5 mm lenses of slightly silty sand.

Ms -0 7-11-16

50 — Borehole terminated at 49.5 feet.

’ . Minor ground waler seepage encuunlered between 23 and
E . . 35feat,

Plezometer installed to 33 feet (1-inch schedule 40 FVC).

60 — ; , ‘ _ - _
For a proper understanding of the nature of subsurface conditions, this
exploration log should be read in conjunction with the text of the
geotechnical report. -

“NOTE: This log of subsurface conditions applias only at the sbeciﬁed location 2nd on the date Indicated

PIEZOMETER

SBiandard Penetration Test

o {140 Ib, welght, 30" drap)

E A, Blows per foot

i | | =

5 i3

@ 10 20 Ao 40 50 =¥
. ————— 30

8 ® 8
5 ‘@ g
T wm
o oL = - o =
o = = e
EJI b W [Ti e
T puuir S | [ o
E.... 8 @ L & A Iy
5% 2 9 . 22 ziE £
as @ o " DESCRIPTION @ w6l .0
30 )
- B
=N LE
= ¥n
u[f . ) : : o -
)::ﬁ [x “Medium dense, dark brown, silly, gravelly SAND, wet. 5-7 . oc |-
ECY R Trace glass fragments, including melted amber and green
& C)‘ . glass; trace partly decomposed wood fragments,

]

R S S S S SRS L Lo
o 20 40 .. &0 8y - 100
Water Centent (%)

Plastic Limit |—@—— Liguid Limit

Matural Water Content

AL - and therefare may nct necessarily ke Indicative of other imes and/or locations.
: ' e BORING:
Hm BOW LAKE TRANSFER STATION BH-4
FMP UPDATE AND IMPLEMENTATION : '
HWAGEOSCIE NCES INC - TUKWILA, WASHINGTON PAGE 2ol
-prodecTno:  2003-008 - FIGURE: A4

P20 EDUJDUB._GPJ 1/9/04



* ( DRILLING COMPANY: Holacane Driling

SURFACE ELEVATION:

BRILLING METHOD: Holiow-Stem Auger, Mablie B-61 lruck g
SAMPLING METHOD: SPT w/ Avichammer -
LOCATION: Ses Sile & Exploration Plan, Figure 2

.279.00 £ fest

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

] {feet)

« DEPTH

USCS SOIL CLASS

SYMEOL

" DESCRIPTION

PEN. RESISTANCE.

SAMPLE NUMBER -
(blows/8 inches)

SAMPLE TYPE

{RECENT

8 Inches sawdust (next to small pile) over quany spall over
lnose o medium dense, alive-brown, slity SAND, damp

FILL)

- medlum SAND, maist,

| ‘Medlum dense, light olive-brown,
‘medium SAND, moist.

Stratifiad, 1- 1o 8-inch thick beds.

Medium danse, olive-brown, clean to slightly sllty, fine ta

{ICE CONTACT STRATIFIED DRIFT}

Medium dense, light cllve-brown, clean, fine to medium
SAND, moist. Minor sitty sand lenzes, 1-10 mm thick.

' Very dense, lig gray, clean, fine o medium SAND, damp.

Dense, light gray, clean, fine to medium SAND, drylo damp

: % 51 5749
|

Y‘ S-2  B-13-14

15-15-18

: %.5-5 |

, S-4 142835

OTHER TESTS

GS
pHIR

Fora proper understanding of the nature of subsurface conditions, this
exploration log should be read in conjunction with the text of the

geotechnical report

NOTE: This log of subsurface conditions applies only at the specified Iov:alion and on the date indicated

Slaﬁdard. Penetration Test

o

[T}

e {140 th, weight, 30" drap})

g " A Blows per foot

=z

3

Q

v . .

9 a 10 20 3o 40
R STOS EONSE SO SO PR 0P VOO0 SO
_.E : R ;
0w 40 60 80

Water Content (%)

Plastic Limit |—&— Liguid Limit

Nalural Water Content

{feet) .

S DEPTH

\_ and therefore may no! necessarily be indlcative of other fimes and/or locations.
. ' - BORING:
EW BOW LAKE TRANSFER STATION BH-5
v - FMP UPDATE AND IMPLEMENTATION n '
HWAGEOSCIENCESINC, ~ TUKWILA, WASHINGTON o TR e
' PROJECT NO:_2003-008 FIGURE: A5

- BORING 2003008.GPJ 1/9/04



GRILLING_CDMPANY: Holocene Drilling SURFACE ELEVATION: 278.00 % feet
DRILLING METHOD: Hollaw-Stem Auger, Moblie B-61 truck rig -

SAMPLING METHOD: SPT w/ Aulchammer '

LOCATION: See Site & Explomtion Plan; Figure 2 - -

'DATE STARTED: 10/8/2003

DATE COMPLETED: 10/3/2003 ~ -
LOGGED BY: B. Thurber-

Stratifted, bads 1- to B-Inches thick, with 4 mm silty sand
lens.

I

Very dense. light gray, claan. fine to madium SAND, dry to
damp. Masslve .

‘Borehale terminated 2t 41.5 fes

"
[as} e~
a g = £ 8 £
td r 2 95 §
o 0O W o £ -
T o ©» 2 re
.. o v c o .8 1]
8% = 8 | 22 §§ £
862 w 3 _ DESCRIPTION v & S O
20— ‘
: Medium dense, Ifghigray, l:lean FnB to madium SAND ' 36. 812-15
|:iamp Masslve. M
Dense, Aght gray, clean, fine to medium SAND, damp. 9-16-20

GROUNDWATER

, N S8 15-26-26 ' '

~ Standard Pernetraiion Test
{140'ib. welght, 30" drop}
A Blows perfoot

(=)

& DEPTH
{faet)

50—
55—
'For & proper understanding of the nature of subsurface conditions, this 0 % w for'cweif(%) g
‘exploration log should be read in conjunctlon with the text of the astie Lt 2 uid L
o geotechnical report. ' - ) Natural Water Cantent '
NOTE: This leg of subsurface conditions applles enly st the specified localion and on the dale indicated '
\____.__and thersfora may not necessarily be Indicative of other limes and/ar locations. J
e " o BORING:
- HM BOW LAKE TRANSFER STATION BH-5
L FMP UPDATE AND IMPLEMENTATION ﬁﬁ;éa 2otz
| HWAGEOSCIENCES INC. TUKWILA, WASHINGTON | | ’ |
PROJECTNO: _2003-008 FIGURE: ‘A5

- BORING 2DDZGDE.GF’J 1/9/04 .



APPENDIX B

 LABORATORY TEST RESULTS




APPENDIX B

LAB ORATORY 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.

LIQUID-LIMI'I", PLASTIC LIMIT, AND PLASTICITY INDEX OF SolLs (ATTERBERG
Limrrs): Selected samples were tested using method ASTM D 4318, multi-point method.
The results are reported on the qumd Lmut, Piastw Lumt and Plastlmty Index chart,

" Figure B1.

b determine the

- PARTICLE SIZE ANALYSIOF Flested sBnpleiWere _
- particle size distribution OELI: n ;- x;t_ér E?*’ vi " D422. The results
are summarized on the Gra TzedDish { refictsib £ R2, B 3 and B4, which-

also provide information rdg

RESISTIVITY TEST RESULTS Testmg wasmcarﬂed outonselected Samples using WSDOT
Test Method No. 417. The indicated minimum reswtlwty test results are tabulated as
follows ,



BH-2, S-3 15165 7,500 * Native Glacial
BH-2, §8-5 25-26.5 17,000 Native Glacial
‘BH-3, S5 T 17-185 2,500 Older Fill
BH-3,8-6 28-29.5 1,500 Older Fill
BH.4, S-6 28-29.5 71,500 Older Fill
BH-5, -8 - 38-39.5 2,400 Glaga?/%t%%ssiM'
BH-5, §-3 15-16.5 17,000 Native Glacial
BH-5,5-5 25-26.5 26,000 Native Glacial

MOISTUR.E CONTENT ASH, AND ORGANIC MAT’I‘ER Selected samples were tested in

general accordance with nj
(oven dried at 105[J C) and

BH-3,8-6 15.6 98.1 1.9
BH-3, §-7 24.3 965 3.5
BH-4, §-7 19.4 94.4 5.6
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g CCI
_ EB ANALYTICAL © .~
2 M| ].ABORATORIES, INC.

CLIENT:  HWA GEOSCIENCES INC. _ ’ - _ - DATE: 10/22/03
19730 84TH AVE. W,, SUITE 200 o ' CCILJOB+# 310052

LYNNWOOD, WA 98036 ‘ CCIL SAMPLE # 1
: ' - ‘ DATE RECEIVED: 10/13/03

_ ' . " WDOE ACCREDITATION #  C142
CLIENT CONTACT: BRIAN HALL : ' ' '

CLIENT PROJECTID: 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_NI _ 10/20/03  RAB
TCLP BARIUM EPA-1311/6§10 1.6 10/20/03  RAB
TCLP CADMIUM EPA-1311/6010-  0.016 ;' 10/20/03 RAB
TCLP CHROMIUM EPA~1311IE]10 1047 ~pE 2 10/20/03 RAB
.TCLPLEAD _ EPA-1311/6§10 [ 1%% ’ i 10/20/03 RAB
TCLP MERCURY “EPA-1311/7470 _‘D(<§se i 10/21/03  RAB
TCLP SELENIUM EPA-1311IB10=‘5;_J§QL, ‘04, WMo/t il 10/20/03  RAB

MGIL I 10/20/03 RAB

TCLP SILVER ' EPA-131 1[610 ND(<0.03)

* "ND* INDICATES ANALYTE ANALYZED FOR BUT NOT DETECTED AT LEVEL ABOVE REPORTING LIMIT, REFORTING LIMIT 15 GIVEN IN PARENTHESES
** UNITS FOR ALL NON LIQUID SAMPLES ARE REPORTED ON A DRY, WEIGHT BASIS
™ ACTIONS LEVELS ARE FROVIDED ONLY WHEN PARAMETER DATA IS UISED FOR A GENERALLY
CONSISTENT APPLICATION. WHEN PROVIDED, THEY SHOULD BE USED AS GUIDELINES ONLY.

THE APPROPRIATE REGULATORY DOCUMENT SHOULD BE CONSULTED BEFORE MAKING ANY
DECISIGNS BASED ON ANALYTICAL DATA ’

" APPROVED BY:'OJ}
v

Page 1

BEI Tl Pikvrs o Bararsbt TATA OR02 o ATE 6L 9200 » TAY ATE AL VEVE o Canitla HAL 209 O0ED



 APPENDIX C

. PREVIOUS INVESTIGATION RESULTS




[ HONG WEST'& ASSOCIATES, INC.  .BORING LOG
: DRILLING COMPANY: - T - . TOTAL DEPTH: Feét

: . " DRILLING METHOD: - : : SURFACE ELEVATION: Feet
" SAMPLING METHOD: . : ' . MEASURING POINT EL.: Feet
- 5 -
1w —
DU I A
] be 2 & 4 » Moist. Cont. (2)
= o @s 9 8 , % A Pen. Resistance
] £ g :g =5 § : _ " {blows/foot]
H ui = u.|§ o > O : : B
;:_m & z T W @ DESCRIPTION ) - 0 20 . 40 B0 80 -

N

1
1 1

(5~ ~ DISTURBED (SPT) Sampie Location - =
_ Sample with recorded blows per fool
- cbtained using a split spoan sampler and T

the Standard Penetration Test {SPT)..

NOTE: This log of subsurface conditians appies aniy at the specified leation and on the date Indicated.

'PROJECT: BOW LAKE TRANSFER STA. BORING: . LEGEND.

LOCATION: King County, Washingten |  PROJECT NUMBER: p3ii2-2
DATE COMPLETED: | | | R T 2~
LOGGED BY: - o |  pace: 1 OF 1

Figure 2




e ——F

“rm e

HONG WEST & ASSOCIATES INC. * - BORING"LOG:|

TOTAL DEPTH. 44.0 Feet
SURFACE ELEVATION: 2273 Feet
MEASURING PQINT EL:: Feet

DRILLING COMPANY: Pacific Testing Laboratorles
1ORILLING.METHOD: 4—Inch 1.0, CFHS Auger
‘SAMPLING METHOD: SPT-

< DEPTH (feet)
SAMPLES

2

. Moist, Cont, (%)
A Pen. Resistance |
(blows/foot]

PEN. RESISTANCE
{blows/8 Inches) -
MOIST. CONT. (%)
SOI|, CLASS. ' (USCS)

~ N-VALUE (blows/1t)
SYMBOL

Jet Y,
4 -
P

Loose to mediun denss, brown, gravelly SAND: Pl Pi
moist, Contains dass, slag. cuncrete and brick B LA
fragments. HEE SR A S
—0batruction at 2 feet, Puiled auger and moved 2 B

feel =ast, .

5+ 0;:0.8,18.00
hokskinkiste
1

Obstructions between 3.5 and 8,5 fecl. Refusal
Pulled auger and moved east 2 feel.

-0

%
0

%

FEPE RIS P PR g
Sobahn
PEP LSRR

534

uf glass 'A!sn utre, ashes. wood and a- nai}.

MW ese 2 : PA Gl
_M . (FILL) i A
: -  Soil Is 'simiar but color varies from light to dark Pl )
- M T8 2 gray; slightly higher grave! content. B R
Obstruction @20 feet. b |-

J ! A

7 Sal sample s brown. <7 €.\ 250 RO I A
‘M 2-25-28 5 Peceble. ,' I Dl A

: Gravelly from 24.5 to 26.0 feel. Pk, C[ N EEEE

NOTE: This lﬁg of subsurface conditions apbles only at the spécmed location and an the date indlcated,

DESCRIPTION _ 0 4O B0 B |

'PROJECT: BOW LAKE TRANSFER STA. BORING: BH-1

LOCATION. Narth WSOOT Fill Area PROJECT NUMBER. 93"2—2
DATE COMPLETED: 02/21/84

LOGGED BY: Rod Faubion - , . . PAGE:1OFZ
: _ . ‘ - , Figu:eS

!



HONG WEST & ASSOCIATES INC.
BOFIING LOG

-~ =
23 = 2 : :
g - » Noist, Cont. (%)
(3] —_— (7]
= o Beo w 8 < . A Pen Resistance
=z 4 €5 3 o ) _ _ {blows/faot)
E 5 25 ¥ @ = -
o= w3 18 S : N _ ‘
S 0 & z X 7] DESCRIPTION 0 20 40 60 &
25— ' [ R
4 . AL 28 feet, sampler bounces: wood in shoe of - i
sampier. Artlfically high blow count. : i HEA
- "‘ 20-50/6" _ - SR EEE
_ a0 Medium dense, gray, poarly graded, fine to medium -
- . ‘ o SAND with siit and graval: moist.” Few large ) I I
f.. R 5815 24 {1M-inch} roots in upper part of sample. R P Pl
{I' ¥ S N 545 N
l ' B-22~45 61 BEEEEERRL
1N ; I P P
l 40 - ol :
‘ . Becomes medium dense, - P
T ‘ﬂ 000 20 [ | i A
!‘ 45— ' * Bottom of Boring at 44.0 feel, I S
! : C SPT samples taken with free faling :
l 4 140 Ib. hammer dropping 30 inches, - i
| l P -

PROJECT: BOW LAKE TRANSFER STA. BORING: BH-1

LOGATION; North HSDOT Fill Area’ s _ - PROJECT NUMBER: 831122
DATE COMPLETED: 02/21/94 N : R
LOGGED BY: Rod Faubion - " ‘ . PAGE: 2 OF 2 . .
: ' S Figure 4

e B |




GEOTECHNICAL ENGINEERING SYUDY
BOW LAKE TRANSFER STATION IMPROVEMENTS
FACILITIES MASTER PLAN
KING COUNTY, WASHINGTON

~ November 16, 1993

Project No. 93112

Prepared for:

R.W. Beck and Associates



HWA Project No. 93112
November 16, 1953

Mr. Karl J. Hufnagel, P.E.
R.W. Beck and Associates

2101 Fourth Ave., Suite 600
Seattle, Washington 98121-2375

- Subject: GEOTECHNICAL ENGINEERING STUDY

BOwW LAKE TRANSFER STATION IMPROVEMENTS
FACILITY MASTER PLAN
KING COUNTY, WASHINGTON

Dear Mr. Hufnagel:

In accordance with your request, Hong West and Associates, Inc. has completed a
geotechnical investigation for the proposed improvements associated with the Bow Lake
Transfer Station Facility Master Plan Study, King County, Washington. Results of our
investigation are presented in the accompanying report.

We appreciate the opportunity to jnrovide geotechnical services on this project. Should you
have any guestions or comments, or if we may be of further service, please do not hesitate

to call.

Sincerely,

HONG WEST & ASSOCIATES, INC.

Robert C: Metcalfe ' Sa H. Hong, P.E.
Geotechnical Engineer President

RCM:5SLH:SHH (93111.DOC)
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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 recommendaoons for the proposed
bulldmg foundations and other aspects of site 1mprovements

Based on the results of our study, expansion for the proposed 1mprovements is considered
fe351ble from a geotechnical prospective provided the recommendatlons presented in this

' report are 1mp]emented durmg design and constructlon

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, trajler parking areas, loading pit famps, 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, (5) 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 accéss 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
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understanding that filling of the existing traﬂer pit loading ramps on the north end of the
existing building is also bemg considered. : o

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 potentlal _
settlement, slope stability, and probable foundatlon 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 trajler 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 followmg

1) Gather revxcw and compﬂe mforrnatmn from prewous geotechmcal and geologlc .

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:

93113R.DCC
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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 'condu'cting
" landslide and stability analyses for the potential expansion on the south side
-of the site, .~ © = S : o L

- c) Active and passive lateral earth pressures,
d)  Foundation types for the propoéed structres,
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 slope 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. : : : S :

2.1 AERIAL PHOTOGRAFH REVIEW

Based on aerial photographs and previous reports, the site was originally an old bum 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.
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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 original 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 duccﬂy on the original ground

surface.
2.2 PREVIQUS 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 Flgures 2
and 3 Coples of the exp]oranon logs are presented in Appendxces A through F

2.2. 1 Dames & Moore (1965)

Dames & Moore conducted a peotechnical 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 undérlying native soil deposits.

83]112R.DOC
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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 ongmally proposed weigh station (not constructed) ' :

The six borings located near the ex1st1ng structure encountered: refuse material and fill
which ranged from about 12 to 36 feet thick. Thé 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 should be supported on pile foundations
(steel, concrete, timber, or auger-cast) and/or spread footings depending on the location 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)

e Hong Consultmg Engmeers (now Hong West & Associates, Ine. ) conducted a gootechmca.l
' 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 bonngs near the southeast corner of the. building. '

The borings were dnllod to depths ranging from 39 to 39 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 eccurred 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.
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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 p1t floor extension project, three exploratory borings were
~ drilled to deterrnme subsurface conditions in the area. o .

The exploratory bonngs 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 5011 cuttings obtained during predn]hng

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 up
elevations ranged from 211 5 feet to 224 5 fest. -~

2.2.5 Hong Consulting Engmeers (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 tl'uck Perched
groundwater was encountered in some borings.

Hong Consulting Engineers concluded that the storm drain pipes would experience up tol2
inches of additional settlement over the following 10 year penod due to settlement of the
loose fill and refuse materials. :
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2.2.6 Golder Associates (1992)

Golder Associates performed a subsurface investigation in 1992 to provide
recorhmendations 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 settlements. | : : r

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 2 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 comner 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 settlement.

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 setlement. Golder also reported long cracks in the pavement on the west, south,

and north sides of the site.
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Apparently it is regular practice to add fill and/or repave portions of the site fo mitigate
settlement problems. The north trailer parking’ lot was appa:ently repaved in 1990 to

rehabilitate thc 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 a 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 dep051ts
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 Jandscape.
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 p1ts have been used

extensively as aggregate and fill.

93112R.DOC HONG WEST & ASSOCIATES, INC.




HWA Project No. 93112
November 16, 1993

z

3.2 SU'RF ACE 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
Tandfill 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 slope), and about 2H:1V below elevation

| | 160 feet. Local areas along the slope have- inclinations near or steeper than 1H:1V.

A HWA gecloglst wsxted the site and noted several areas whlch 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 setﬂement crack, approximately 260 feet long, is oriented roughly parallel
along the middle to south end of the west access Toad. The crack is generally % to
% inch wide and the east side of the crack has approximately 2.to 4 inches of :

 relative downward movement. _ - o

2. Two cracks, totaling about 25 feet in length, are oriented subparaliel 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 fatizue 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 parallel 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, descnbed 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 matenal types; fill soil, refuse, and Kame Terrace deposxts 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 Ioose 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 operatlon 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. Sml content
varied from refuse with no scnl to refuse containing predominantly soﬂ

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 Geologxc Cross Sections,

Figures 4 through 9.

The imit 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 underlain 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 arez 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 undeflain 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 exploratzons 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 varymg 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 prevrous reports The locations of the cross-sections are also shown

_on Figure 3.
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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 measurable change was observed one week later.
However, this may alsobea perched groundwater system. '

4.0 CONCLUSIONS AND RECOMMENDATIONS

4.1 SETTLEMENT

In our opinion, and based on site observanons 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 fouridations. 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 foundatmns 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 lacated 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 w1de and embedde.d a minimum of 18
inches below the lowest adjacent grade : : :

42.2 Deep qundatidn 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 glac1a1 dep051ts - SR

Based on the exlsnng 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
feat, near the center of the south side of the structure. Shallower pile tip elevations may be

“sufficient, dependmg on the conﬁguratlon of potentlal bmlchngs in this area.

Structures located north of the existing transfer station structure (north trailer parklng 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 allowable 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
improvéments, we recommend that the fill be placed prior to installing pile foundations. -
Lateral loading of piles, due to Iateral 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.

Dnven 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 p11e type We recommend that timber piles be con51dered due to

ﬂ1e1r 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 mstalled

with pre-bonng techmques

Steel plpe and H-piles typxcally have allowable capamtxes between 40 and 80 tons,
depending on size, depth, and soil conditions. Steel piles can be sibjected 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 shou]d 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
consxdered : :
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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. - - e

It may be possible to construct smaller noncritical retaining walls, which can accommodate
a significant amount of settlement, directly on the refuse deposits. -

4.4 CONCRETE SLABS-ON-GRADE

Concrete slabs-on-grade will undergo potentially severe settiements 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 structuralty 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,
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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 possibie re-paving and/or re-grading at
periodic intervals. Planned fill siopes 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 will 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 settiement and an
increased rate of settlement of the refuse material may result.

4.7 SEWER LINE

It is fedsible 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 possible, it is recommended that gradmg operatlons 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 shouid 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.

4.10 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 exploratlons and not be
detected by a geotechnical study

The findings and recommendations of this report were .prepa.ted in accordance with
genera]ly accepted pmfessmnal principles and practices in the fields of geotechmcal
engineering and engineering geology. No warranty, expressed or 1mp11ed is made.
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. WiTH QCCASIQNAL SANDY
X 240 a GRAYEL -
13, %-103 -
225
. 235 28
o !
- )
220 : s
BORING COMPLETED 3-4-53 - 1
NO GROUND WATER ENCODUNTERED = 230 ——— e e mem e dmm T
z 22
2 192 Ya =104 GAAT, FINE TO NEDIUN SAND
- { MODERATELY COMPACT)
i 19.9%-108 )
_ o 225 _
o BORING 8_2 GRADES TO COMPACT
250 ELEVATION 2502 220
BROWN S4ND WITH CGCASKNAL, i
GRAVEL B GARBAGE {FILL)
(ucqznuz!.r. LAGsE) 164 99
24% L 213
MISCELLANEDQUS GARBAGE BCRING COMPLETED 3-8-85
. NO GROUND WATER ENCOUNTERED
SAOWN SAND WITH GARBAGE (FILL) ' g
240 { HODERATELY LOOSE) =] 210
- [N
E 0 MISCELLANEDUS GARSAGE
= L] ' )
= 232 LEGEND:
Z —_—
2 AY, FINE TD MEGUM SAND WIiTH
= GRAT, Fine . _ BLOWS REGLTRED TD DAIVE SAMPLER ONE FOOT
=< QCCASIONAL GARBAGE {FILL) ]
= : MOTERATELY LOOSE) ] MOISTUAE r WEXGHT 1260 LAS., STROKE 124 INCHES .
S as0 N L e e — e CONTENT
[T GAAY, FINE TD uEDﬂJl'l SaND (COMPACT) 1929 <104 X INSICATES DEPTH AT WHICH UNDISTURBED
WATER LEVEL, 3-8-6% o SAMPLE WAS EXTRACTED.
ORY O INDICATES smma ETTEMPT WITH NO
I5.8%:-59 DENSITY . RECOVERY.
228
TA V-2
BOAING COWPLETED 3-8-63
NOTES: )
PROPQSED

THESE BORINGE WERE MADE BT DAMES B MOCRE M
1965 45 PART QF A PAEVIOUS FOUNDATION INVESTIGATION
FOR THE PROPOSED BOW LAXE TRANSFER STATION,

ELEVATIONS REFEH ™ WASH[HGTDR STATE DEPARTMENT
OF MIGHWAYS DATUM,

BOW LAKE TRANSFER STATION
"KING COUNTY, WASHINGTON .
LOG OF BORINGS
B-1, B-2 & B-3

FEBRUARY, 1976 w-2974-01
SHAKNCN & VILSOX, INC.

CIOTELCNNICAL CONZULTARTS



260 . B O 2560 B R N
ELEVATION 23582 . ELEVATION 2482
127 ASPHALTIC PAVEMENT Iy . ASPMALTIC PAVEMENT 1
255 -. {Gr| GRAVEL WITH BROWN-GRAY SAND 285 lap wH- .
—— 2ND OCCASIONAL GARHASE (FiLL) —_—— 2B} BROWN - GRAY, SANDY GRAVEL g
- . { MODERATELY COMPACT) m e { MODERATELY LCQSE TO ;
R R MODERATELY COMPACT }
T 220 - ” ' 250
BROWN, FINE TO MEDIUN SAND °
WITH GRAVEL {FILL}
248 { MCOERATELY LOQIE] . 245 GRAY- BROWN, FINE TO MEDIUM
| w o SAND [ FILL]
u { MOOERATELY LOGSE) -
- = : =
dad = - "™
W 240 z 240
£ - % j aAcT
z GRADES TO COMPACT o 3 GRADES MORE COMP
- S ] .
= o235 o 233
>
Lad
|
i
230 210
. . PARTIALLY DECUHFDSED sn.na-:.sz - .
- s WITH 5aNO (SQFT} 43 Y
» ¥ =] B, sury, smnfan.wa.tm} Ll e
- 224 o o] [ COMPACT ) 223 - lsp! arar, FiNE TO MEDIUM SAND WITH
W _PARTIALLY NECOWMPQSED GARBAGE . . QCCASIONAL GRAVEL (COMPACT)
. { SOFT] so| .
. mn _.'-
220 ) 220 | i
L T —— lm -
[}
—_—— . ——— ——— 4 - BoRING COMPLETED 3-23-63
GRAY, FINE TO MEDIUM SAND 218 MO GROUND WATER ENCOUNTERED
) { CONPACT) 1= B ’
- : -
210 BORING COMPLETED 3-22-65 ) : S .
- } HO GROUND WATER ENCOUNTERED
NOTES:
. THESE SORINGS WERE MADE BY DAMES B MOQRE IN .
1955% AS PART QOF & PREVIQUS FOUNDATION INVESTIGATION
FOR THE PACPOSED BOW LAKE TRARSFER STATION.
- 2. ECLEVATIONS REFER 1D WASHINGTOH STATE DEPARTMENT
OF HIGHWATS DATUM .
- * 3. REFER TO FIG. A~4 FOR LEGEND.
PROPOSED
' BOW LAKE TRANSFER STATION B
KING COUNTY, WASHINGTON :
' FEBRUARY, 1976 wW-2974-01
SHANNOM § WILSOM, INC.
BECTLCNRICAL CONEYULTANTE




APPENDIX B

PREVIOUS SUBSURFACE
INVESTIGATIONS

SHANNON & WILSON (1976)

HONG WEST & ASSOCIATES, INC.




¢ e e

= wis =| STANDARD PENETRATION RESISTAMCE
= SUIL DESERIFTICN . SiSs = {140 18, wesgnt, 33 drep) -
= : - = TlEx = A Biges per foot
Surfm Eievation: APPROX. 265 FT T Sl e =1 20 a0 @ e
'MEDIUM DENSE, GRAY, MOIST, SLIGHTLY SlLTY e | R B R RS LU SO S S P
TO SILTY, GRAVELLY, FINE TO MEDIUM e E
§ANQ (FiLL) ' |j‘:‘I,- _
: 5 e | L ;‘:,5
MEDIUM DENSE. GRAY, MOIST, SLIGHTLY SILTY |° ~ 2 TlHe&
FINE TO MEDIUM SAND =
o

“DENSE TO VERY. DENSE,.GRAY-BROWN TO
GRAY, MOIST TO WET, CLEAN TO SLIGHTLY
SILTY, FINE TO MEDIUM SAND

2. 10

DURING
DRILLING

20

23]
—
SLOTTED ¥3" PVC

w1

BOTTOM OF BORING
COMPLETED V/12/78 -

23

I 27 6.8, sglit igaon sazpla
]I! 0.2, thio-vall sanpls
. S:nule nnt n:nvered
ltt:rherg I.|l|ls
Llnu_fd_ limit

Plastic limit

————————

Natural mater contant

o - . 20 - a0 60

Ilntrjrihﬁ: “senl
Tater level.
Piezomeler tip

P . Sample pushed
Ust - Unllluﬁ Su:.l_tlusincullnn.

FEBRUARY, 1976

| HOTE: The str:nhc:llnn lines represant the agprazimite boundaries

“betszen sa1f types and the transition may Be €fadual,

@3 ner :nntmt

PROPOSED "

BOW LAKE TRANSFER STATION
'KING COUNTY, WASHINGTON
LOG QF B@RING

N = (] .
W-2974-0:

ShixxgN [ TiL3ON, EEC.
GEDTECHMICAL COMSULTANTS




2 SUIL EESCRIFTIC‘l . =1ES T 7 (140 1b. mesgrt. 307 drog) -
= E 2= ; A flows par loot
- | SurTace Eltvauun APPROX. 244 FT RS ot R ) L impmt e :
—\ BLACKTOP ROAD SURFACING o3 . )|
—\ MEDIUM DENSE, GRAY, SANDY fGF!AVEL.(FlLLj:‘ L3 - N
MEDIUM DENSE, GRAY, MOIST, LAYERED, SLIGHTLY r T

|SILTY TO SILTY, FINE. TO' MEDIUM . SAND:WITH: | _
\SCATTERED GARBAGE FRAGMENTS (FILLY A5, 2 I B

_'.l": - 3 I_ . '.

GARBAGE MIXED WITH SOME LOOSE . '_:‘f"1 I? .
GRAY, FINE TO MEDIUM SAND; !NTERVALS ' e ol
. CONTAINS A.FEW THIN SAND LAYERS = I

‘ (FiLL)

e ] i
i
‘ —128 1l I Sw
LOOSE TO MEDIUM.DENSE, DARK GRAY, MOIST W
TO WET, SLIGHTLY SILTY TO.SILTY, FINE TO 2 Ja
MEDIUM SAND:WITH TRACES OF GARBAGE ——
" FRAGMENTS (FILL) - '3I zz
: i}
33
- 133
[=]
, s M)
HARD, GRAY BROWN TO GRAY, MOISTTO | 5 I
WET, NON-PLASTIC TO CLAYEY SILT;
GENERALLY NON-PLASTIC - " I

L..GEHD S 0 20 20 B
Lo @ % Yater coatant

IZ a.0. snltt spoon sample 3 lllll!‘l'lnl.ls :ul C S . l

-]I:I 0.0. tmn—ull samgle 7 tater devel-

: F'ROPOSED

o samte not pasoveres “Piermmeter tip BOW LCAKE TRANSFER STATIOM

“F lturn:rz Vimits: S . : KING -COUNTY, WASHINGTON
R iquit timt LT it el L0 OF BORING

Hatural water centent - USC UAiLied Sori Classificstion - - B 102 .

: Plast‘:: timit E

- e FEBRUARY, 1978 W-2974-0f

. SKiwxoE & wiLsoa, 1XC. :
] HOTE' Th: slr:tlhc:llnn lines represent the annru:matz hnundarlu SHT |0F2 . GEOTECHMICAL CONSULTANTS

.betwezn.soil Uypes and tne transitran may be gnuu:l .




T = wlaw - =[ STAMDIRG PENETRATION ABSISTANCE
= ) ‘ : 5= (140 1h. wergnt. 30° drap)
= L = =2 = A 3 '
. - S== £ ows pur loat o
_ - = 1 - =i 20 £ £
SAME AS ABOVE | ] T e e
o i 211 RN S T D e
o — 154 - = | =} sl
|- | BOTTOM OF BORING o 133 T
COMPLETED .1/13/76
’ o
S A A I RO T t :
| ‘ L.
“ ! -: " o, ]
G cen bl -
3 RS R AR
- SEETUREI FEREIES ]
H T S E [ [P, - P I
. = 4 O poiiiil
oy SESHI PR T3S |
...... i L
RO MR I
: : SE ST T
ERUEEE PEEEEEIt EEEREEES:
SAEAS AEESASEAd S SN
Y I I IR S N
Dol Proiiinoinfiiiiio
Ity oriniiiinpninion
-..i- ..... : :-: .....

=%

I 3 0.0, ¥plit'spoon sanple
II J 0 D thin-nall sample

-quurﬁ limit

Piashl: limit

-y S

£ NOTE: Thevstratification lines represent the approzrmate bGoundaries
4 - betweenwser! tyges and the transition may be pradual,

Hlturzl water :nnllnt .

Imparvigus seal

Tater leved’

rlnxnuat:r inp

e Sangl: push:d

k-

-.USE Unulsed Saul Ells:lflcllinn

-SHT..Z OF 2.

@3 Lt :hntlntA

Lo ‘PROPOSED -
BOW LAKE TRANSFER STATION
KING COUNTY, WASHINGTON

LOG OF BORING
B- l02

FEBRUARY 1578 W-2974-0i
SHANNDN § wiLsOm, IXC.
thrzcnrf’n‘cfr_ ;nu;ugfanrs

[



& “S01L nsscmmm = Slg= T I ernt. 30 deen) |
= IR _; - E = E: E A Eln-s|pu faot :
. |'surtace. Elentlun APPRO)G 247, FT = - =l - 20 do Al - W f
e ] TS 0 Ot - [ [ .
LOOSE, GRAY-BROWN TO GRAY, KOIST TO i l[
WET, CLEAN TO SLIGHTLY SILTY, FINETO 1 I RNt
MEDIUM SAND-WITH LAYERS OF GARBAGE; | ~ =~ L R LR
OCCASIONAL METAL FRAGM:NTS (FiLLY . I

— 2
, ; = 5
_MEDIUM. DENSE, GRAY-BROWN TO GRAY, MOIST I g
TO WET, ‘CLEAN TO SLIGHTLY. SILTY, FINE TO 2
MEDIUM SAND 6 I E_,?_-
[=]
7 I “E
9
. B I @
22
. s | Eg |
....... ) Lo ; , =
DENSE, GRAY-BROWN TO GRAY, MOIST, CLEAN, o T =28
- FINE TO MEDIUNM SAND: . =
'OCCASIONALLY SLIGHTLY SILTY n T &

n
i
w
(@]

15 I
39

BOTTOM OF BORING 40

COMPLETED |/12/76

. . - . I ErE ”';‘.’T';;.':“., . :
o CE LEGEND T . @3 g coatint; -
I 2° 0.0, split speon sample llpernnu: sul ’ - : i ! i
]I! 0.0 thln-ull saeple l:l:r Tevel’ FROPO'SED
‘u:nle net ucereud 3. EOW LAKE" TRANSFER STA'I'II’"‘
. Puznuel:r Lip KING. COUNTY, WASHINGTO!
lttern:rg t:utts. ..
C oy e et L P s:mule pushed ____ .: LOG OF: BORING .
Natural water content ' I.ISI: “Umified Soit Classifigation B- IOS ' |
__._Pl:st!:_ lll.l.l.l . . |
T FEBRUARY, 1576 W- 2974
. ' ' N TT T B U 181 T | -
: Hgn The strltlflntrnn Tines renruanl m: apprn:mu: unund:ne: S0t s kot GECTECHNIGAL cDNs:.r.uurs i

between sai! tyges and the 1ransityion may be tfidU“

e e——




'.‘HUTE The slr:uh:uwn Imu fepresent -the approrimate hnund?rlg:

RUBBLE AND LAYERS OF GARBAGE .(FILL)

LOOSE TO MEDIUM DENSE, GRAY TO BROVIN,
MOIST, CLEAN TO SILTY, FINE TO MEDIUM
SAND-WITH SCATTERED LAYERS OF GARBAGE

e = el = - STAMQARD PEMETRATIUN AES|ISTARCE

=3 I s DES‘:RIPTID‘ . SIES T (e, En.g_rt 10" drop).

=1 E ZEl== E— A Blaws.per (oot
Surfsee Elevulnn APPQOX 246 FT o S ey 20 20 e
LOCSE, GRAY, MOIST, SILTY GRAVELLY FINETO® - |-  © L Sl
MEDIUM SAND.WITH SCATTERED CONCRETE | - - N .

(TO ABOUT IFT. THICK) INCLUDING BROKEN
GLASS (FiLL}" .

"MEDIUM OENSE, GRAY, MOIST: CLEAN, FINE
TO MEDIUM SAND:WITH SCATTERED SlLT‘r
T LAMINATIONS

.23 QI

DENSE TO VERY DENSE, GRAY, MOIST, CLEAN,
FINE TO MEDIUM SAND.WITH SCATTERED
CSILTY LAMI 1!NAT[0NS -

NO WATER OBSERVED DURING DRILLING

- ns'_l'

BOTTOM OF BORING
COMPLETED 1712/ 76

................
.............
.........
................
.................
................

-----------------

-------

--------
........
........
.........

--------

........

I27°0.0. sprit spoen sample . Impervious seai

[[3- 0.0. thiv-eali sample

Y Szaple nut r::uv:red

1
JTater level

Fiezomeler Lip

lttunrz Lulll:
i . P.. Sample pushed
el - Liguid limit Do mETERELE
Matural water contenl . USC.

Plastic limit

Unilred Saul Classification,

FESRfJAﬁY, 1978

between $o:l types and the Ltansitton may be gradual,

. —— : 83 'l‘ll‘.Cﬂﬂtlnl

' PROPOSED :
EOW LAKE TRANSFER STATION
KING COUNT‘!’ WASHINGTUN
- LOG, OF BORING

B-i04" -

W-2974-0l

SHiwMuw L wiLson, 1NE.
. GEOTECHMICAL CONSULTANTS

& R ————— ——



yse

! snn; ‘nescmprm -

Suri:ce Eleuhun APPROX 250 FT

SAMPLES

GROUND
WAIER

ATANQARD- PERETRATIUN AEalalARLe -
(140 Iy, weigrt, 30° érap) l
A Blows pur ,l.u'nl'

LOOSE TO MEDIUM DENSE. GRAY TO EROWN.

MOIST, SLIGHTLY SILTY, FINE TO MEDIUMf

SAND:;WITH LAYERS OF GARSAGE AND A

LA‘I’ER OF SILTY, SANDY GRAVEL NEAR 18 FT
DEPTH

| (OGSE, GRAY, MOIST, SILTY SEND. (FILLT -

L= MPIH. I

MEDIUM DENSE, GRAY, CLEAN TO SLIGHTLY
SILTY, FINE TO MEDIUM SAND -

DENSE TO VERY DENSE, GRAY-BROWN TO

GRAY, CLEAN TO SLIGHTLY SILTY, FINE TO

MEDIUM SAND;WITH A MEDIUM DENSE LAYER
T NEAR 39FT. D..PTH

- [BOTTOM OF BOANG . COMPLETED 175776 |

24

49

NO WATER OBSERVED DURING DRILLING

o dmn. i

I 2° 0.0, split 'spaon sample
]IJ g:0. tmn-ull s:rale
. l Slnpia uut r:cauud

ltt:rher; Llllu

LEGEND

" lmpeevipui sedl
Yater level -
Picts=eter tip

P’ Sample. pushed

R Liguee imct . Ty , L
~ MWatural water content  USE “Unatied Sorl Classificatien
PI:;U: limit

NOTE: The stratilication lines represent the approzimate boundarves

between sotl types and the transition mgy be.gradual.’

. @35 Yater tontent i

~ * - PROPOSED °
BOW LAKE: TRANSFER STATION
KING COUNTY WA.SHINGTONI

LOG OF BORING

“B-=105 % ;

FEBRUARY IS76 W-2°7'4 Oi
SHAREQN L Y[LIdx, -1NE. i

" GEOTECHMICAL CONSULTANTS 1



* STANDARD. PEMETRATION RESISTAKCE

= B SGIL DES‘:RIPTIN : » E%; E (140 I3, wergnt, 307 grag) .
= N = ZIgx = A Blows pur.foot )
Sur face El:u:mn APPROX. 249 FT I= i = Y 20 -1 4D - g
0 G D . .. D E
VEHY LOOSE TO LO'OSE. GF!A‘[’, MOlST, SLIGHTLY | . _ 71.=

SILTY TO SILTY, FINE SAND:WITH LAYERS OF
GAREAGE TO 2 FT. THICK AND GRAVEL IN
' SOME LA‘!’EHS o

lturberg l.mls

LEGEMJ
I 2 ﬂ b, split spuun saeple
Il 2- 0.0. .thip-wall sample

L Sanp!: nn r::uutad

'Lu:und fimee
- Hatura! vater gontent
Plastie limit

" lmpervigus seil

Riter level

P Siuple pushed

between 3011 types lnd !he sr:n;n;un may he zuuu:l

PiezomEler Lig

| NOTE: The straurlc:nnn lines repraseatr the appromimate; hnunqlrles

‘UAcfied Sa1l Classiticatian

FEERUARY I97s
L. TMAXXDN L wILSOR, INE:

‘ : 2
MEDIUM DENSE TO DENSE, GRAY, MOIST, CLEAN 5 I
TO SLIGHTLY SILTY, FINE SAND L]
7T ——_
VERY DENSE, GRAY TO DARK GRAY, MOIST 8 | SHITE
TO WET, CLEAN TO SLIGHTLY. SILTY, FINE 7 _ S S
'SAND;WITH A FEW LAMINATIONS OF SILT NRIEE SIS
| e Z= coninioe. :
, ==I ) SUESESEES! EEETOte T
o T 1|°8 i .:::::f.;f:.<
" WTlle |
v W
L) i PR SRR EEY SRt~
= TroliiIirjTiiiizionpiiniiin
SLIE | e
. u') ---------------------
3|
WL | e
N ORI EESE DTS SEE T EESSISN:
I5 vl iege—
38 I 312‘.5’:5;:::: FEETEEEH By
BOTTOM QF BORING oo| T I
COMPLETED I/ /76 N SESSRESS RESEEEESS FESEM S
U BOSRESRE0E RESSISE0SS SHTEMON
S DR SRR M A R
0 20 30 &<

e l:tu_ centent

: PROP'OSED ‘
BOW LAKE TRANSFER STATIC!
KING COUNTY, WASH!NGTUN

LOG ‘OF BORING

- B-106

W-2974-C

(GEDT ECHNICLL CONSULTANTS

— o —



Fane

wE ek Eedel il A - (140 1. seight. 30° drop)

usg

: L E §§;§ A E A Blows pir fost ":
Surface E:mmn APPROX, 244 FT. - R w =0 .. 20 | a0 &
' | BLACKTOP DRIVE SURFACING (SEVERAL LAYERS) 05 F 0] e Y S
L ’ P
'MEDIUM DENSE, GRAY, MOIST, CLEANTO SLIGH- | ., T || 5'~!1'.
- TLY SITY, FINE TO. MEDIUM SAND:W/TRACES | I 1 L
OF GARBAGE FRAGMENTS i '
2T,
. T —7 &
- GARBAGE; MIXED WITH SOME SILTY SAND 3 I =
- : ‘ iy
RIS
. ’g;.
=Ly
15 3
T
DENSE TD VERY DENSE GRAY MOIST, CLEAN - I
TO SLIGHTLY SILTY, FINE TO MEDIUM SAND: :
WITH A FEW GRAVELLY LENSES. :
SI”_ E
o] |ix
ot é
S LiE
lzI @
: 5
BOTTOM OF BORING
COMPLETED V/13/75

L LEGEND © 7

. -Liguid limit
: -~ Natural water contant . .
- Pattic Last

I MOTE: The :tr:t:hc:tlnn Ilnu Tepresent the approcrmate houndaries

I 2°°0.0. split spaon sample
]I!" 0.0. thio-wall samplie ‘
- Sa:ple ot recevered
Mterutrg Lmt:

‘between Sa1! types and the transitron

Impervigus sl

Yater level -

- Piczometer tip

P . Sample pushed

may be [lldual

MSC Unifeed Sail Classification

FEBRUARY, IS?E

® 5 fatar contant

° PROPOSED -
BOW LAKE TRANSFER- sm')on
KING COUNTT w.gsumrs'rou

LOG OF BORING
B-107 .. |
W-2974-00

Tanxgx [owiCIox, IxC.
GEOTECHNICAL COHMSULTANTS

e

L



. | APPENDIX C
PREVIOUS SUBSURFACE
INVESTIGATIONS

HONG CONSULTING ENGINEERS (1986)

* HONG WEST & ASSOCIATES, INC.




BOREHOLE LOG

DETFTH e aae L B "BROUND 7 | MOISTURE CONTENT ¥+ ®
(feet) SOIL DE?E“”’T'QE‘T % C:‘gﬁ_?oﬂf A-_SPT RESISTANCE A
. e LT i< NDIT: 10 20 30 40 50 80 70

"~¥3“ vo1d

2 Concrete s]ab remfarced

Figure 2 °

Bow Lake- Transfer Statwn

king Co. Washinaton

| bepTH

ELEVATION

_LOGGED BY. iSH-

BH -1

— 2 -a\ " 3“ qrave1 1eve'l'l1nM',-'f _
. “._ ‘\q
ot Compacted gray, fine SAND (FILL;
. trace silt ke \
6 — , ._X 4
';‘8 p— ‘; \l
B 10 -1 H1t on rocks s'hght £ . , / —
dmfﬁcu'lt-ies of augering No Groundwater / HIT ROCK- 1
e i - . [
| C1ean, some -coarse sand . l
— 14 = : : L
16 * -X \'
— 18— Brass Ring
Samples
-4" piece of wood /A
— 22 Garbage; tin metal, cloth, gl ass .k z
, some sﬂt and sand, rotten paper R
— 24 — <
' N
L o2 - /J
28 Mo recoverv 7 'y
Medmm dense to dense \
730 - fine SAND, clean
. (NATIVE SAND) :
— 32 - - /'*
4 PROJECT 1 oate _3-3-86_  HOLE NO.

SHEET




. .BOREHOLE LOG

GROUND  .|MOISTURE CONTENT%. @ | .
WATER SPT RESISTANCE & |~

PEPTH]  "'SOIL " DESCRIPTIGN . . -
e G e e . CONDITION | 10 20. 30 4030 8070 | |

SAMPLE |

_-56 - ér:éy, fine to ,@é-aium SAND j—" T i . T

2.5 ring Mo f"-‘, N
samples ‘\ R

— 42 T : N -
A
— 44 —p—— :
: END OF HOLE
: a
— -— = Lk

oo PROJECT, . DATE _3=3-86_ , HOLE NO.
_ | _Bow.lake Transfer Station |-LoaseD ay SH B -1
Figure 2A] _King Co.;Washington = | eLevation._250% [ smeeT -
SRR | e |eerTh A 2 a2




L

© BOREHOLE LOG .

MOISTURE CONTENT % @ | |

B e E I SRPRPI T . .

N L fu]  erounp
reot) |- - - SOIL DE:‘SC;RIP_‘}_':}.QN‘_-‘_“_, ; E COH;E?[%?ON SPT RESISTANCE & |
i e . o bal - 1 10_20 30 4050 6oro |
12" concrete slab 1 T rf
No settlement under slab . A~ :
T2 T 2t urave'l base f
L 4 - 'Compacted gr'ay, fine SAND (fﬂ” L
: c]ean g
- 6 —| Trace of pea grave'l i \
o \
- 8 S'Iightly silty T
_ 110 - Bl A
ST B . A
1" piece of wood A
— 14 S AN
B N\
| jg | 3/4" plece of wood _'X a
L ///
— 18~ uLocse to medium dense, gray — No around
o) silty fine, sand with gravel, g wate —1
. mostly inorganic soil r
- smell, messy ﬁ
A ) 2eE _
|, | GARBAGE g ‘1
. wood N/
L \
24 Medium dense, gray to brown, \
. .fine to medium SAND, clean X
— 26 — o
= {NATIVE SAND) . ‘
- 28 — o - |
— 30 - ‘\]
oy i ’
:

PROJECT

1 Eow Lake Tradsfer’ Stat'ion

DATE __3-3-86

WOLE ‘NO."

SRS 'Loasenav_s.‘.'l._'.;.;__ BH - 2
F1gu:fe 3. “Kina Co., Nashmg‘ton e ELEvATion_ 250% SREET
= = DEPTH. 39" ot




BOREHOLE LOG

pEPTH|
freon) |

. SOIL DESCRIFTION .-

SAMPLE

GROUND
WATER .

| sPT- RESISTANCE

MOISTURE CONTENT %, @}
R ‘ cd

CONDITION

|0 20 30 40 50 60 70}

- 38 =

— 36 —|. Same as"ai:ovg

L ey o

R

e —
e o
— A

— 401 END OF HOLE -

Figure 38

K PROJECT . « =

Bow Lake Transfgr--Sta.t"ion

Kina Co.; Washington

. | oepTn 32

patg 3=3-86

. | LOGGED E.Y.._.,S-H

.. BH -2

. HOLE NO.
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Deéfh'“'”"galfr SRR R = GROUND ~ - |MOISTURE CONTENT %@ |..
feety | SOWL DESCRIPTION = 3 cownfg;gr?om-‘ SPT RESISTANCE & Lo
R RPN o ' 10 ‘20 30" 40 30 GGTO jf}
A | sph 'I"t‘cont::rete' avement_ . "'_" S o i
| 4 -
R b Loose, gray, fine SAND, mcnst . &
o with brick fragments, cloth and ] T
’ tin metal T :
-—.»'.8..— = \
"'10"' Loose, gray, f'me SAND mth Y VI
o grave'l wet oo \
— 12— . -
— 14— . .| \
~ | GARBAGE ‘ | | -
| 16— P1as,tjic wire_. sod, paper .. i _X A
18 - 40 thick newspaper Lo —-‘Z _
4" thick gray, f1ne sand - p
- 20 7] gray fine sand ‘with glass '
: fragment newspaper .
p— 22— " L 7
Gl afss, newspaper ' l
24 . e —
\"-
{ ) ; ' -
. ‘i i ' . . T /4 n
F 26 Auger grinding on hard material* 7 . 34/2
| END OF HOLE ‘ ; SN
- .28 -
** Auger Hit hard material at E
. 26.5' and met refusal,
—:-30 boring. prematuraﬂy terrnmated‘ ..

Figure 4
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ST e et BB L meks o aee nd

'50IL  DESCRIPTION i |

'SAMPLE

GROUND.
. CONDITION

WATER

T

. uomruns COHTENT&&_,_A.wé

SPT RESISTANCE  ° A-f.
| 10720 30 40 80 6070 |

= 19 —

- 14.;

— 18 -

2" asphalt éonére#é

GARBAGE -

| No 's‘ér'r.lp'l es 'takéri

‘This is~ relocated hole due to
‘premature termination of BH-3
Ht 26. 5' v

: New ho1e was dr111ed 3' north

of BH-3

SmaTl rubble hampered dr1111ng

: 16 for 10 m1nutes. Finally penetrated,

: | 32 —

‘ Dense gray, f1ne SAND T

gravel

- Dense s11ty f1ne SAND with

broken cobble™ (t111 ]1ke)

r:“

difficult to

“drill.due to co

bble

PROJECT

Figure 5
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BOREHOLE LOG

DEPTH . W GROUND MOISTURE CONTENT ¥, @
{fent) SO;L DESCRIPTION %’ CD%AS;E?ON SPT RESISTANCE A
] 10 _26 30 40 50 6070
—-36 = -
~ 38 = Dense, gray, fine to medium SAND,—'X 4
clean, moist '
i~ 40 — -
Native sand A
L 44 2" organic seam
N aminated volcanic_ash
— 46 = Véry dense, gray gravelly SILT o \
(£i11) N
| 48 =] Difficulty of drilling due - \
to cobble. - 5073t #
L 5p - i A4
50 £l ipse Y @24 hrs
5 F
I~ 52 <1 very hard, gray clayey SILT - E -
laminated silt > a
~ 54 — &
I
&
— 56 — - \
— — -
58 . 85"‘
— 60— End of hole ™
" PROJECT Toate _3-3-86 HOLE NO.
: | Bow Lake Transter Station LoGGep ay _SH BH-4
Figure 5A King Co., Washington ' ELEVATION _249% SnEET
oepTH 59" 2 g 2
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| 7SOl 'DESCRIPTION , |
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T e bt

22 - Scwf G&WJ%?’MZ

_.'.'2(-, = Dm) W}MSMJ

o@eawuj

A

7

/

,,.041;5 7=15-77.

,pno.n-:cr
Bo-w QP'_ZT

C e ey

frroseED By Zm Ll .

HOLE "NO.

'BH-foz

- SHEET

_ } - 2'.




DEPTH
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SAMPLE | |

GROUND
. WATER
-~ CONDITION

IROISTURE CONTENT % @
SPT RESISTANCE A

.16 20, 30 40.50. 60 70.{. -

— 324
_37_

_34_
_33_

|10 =

_—— -
e -—
e —
f— -
— —
— -—

/
A

Fﬂam?&%l&

BmhuﬁzPﬁam g,am

. ,f...,_";.;,_.’ — ﬁBﬁﬂ?

| paTE . q"/f—f'/—”

HOLE KO.

_-ELEVATlouiiO___
pepTH L £00-5

| woscEn BY _L_____ BH - 10¢°

SHEET

Q}j‘af 2/




~GROUND | MOISTURE CONTENT % ©

WATER SPT RESISTANCE &

~EPTH . S0IL" ‘DESCRIPTION' | :
L Totatoaanm e CONBITION 10-20- 30 40 80 §0°70

L't sampLE

BY

T ""’i

16 11
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e : P o7 SV 1 10 20 30 740,50 6070 | - e
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T e S e GROUND MOISTURE CONTENT ¥, '~
{ “SOIL . .DESCRIPTION - " &l  WATER |1 mesistance
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e
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1I0 20 30 40 30 6070

S
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| SOIL , DESCRIRTION

'GROUND
WATER
CONDITION

]SAMPLE |

MOISTURE CONTEHT %= ©

S5PT RESISTANCE = A
10 20 30 40 80 6070

=

T — - e é'.v.
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PROJECT #88110
_ BORE HOLE LOG .
DEPTH: | o R H{ ' GROUND MOISTURE CONTENT % &
SOIL -BESCRIPTION ' - '~ 2| WATER - lgpr gq N ‘
fent) SUIL - DESLRIFNION = ' fs| SPT RESISTANCE Al
¢ bt [ - CONDITION ] g 20.30 4030 6070} ¥
: hKZ“'asnha1t 6" crushed rock /-
. 2 - ‘Dense gray, f1ne to medium SAND: _ : .
- |some silt; trace gravel; damp, N :
. : No water :
L g Sw , (F111) , encountered . S LAl |
Lnose to medium dense, gray, fine daring drilling v :
- _}to medium SAND.and. REFUSE some | L~ _
6: silt; trace:gravél; paper, plastic. kY o SO 'f
metaT fiberous waste; moist ' e .
- 8 . (Solid Waste Fm) 1 T rsu""kf—
3 Y =
— 10 7 ) - = B
_ 12 s RN -
Dense, gray, silty fine SAND: N .
laminated; damp; non-plastic; ; Y
— 14 —ISP/ML. . ;
: (Blacial Outwash) \ !
6] o L B X‘ .
18 — . ‘
— 24 —
S ‘END OF HOLE
— 26 < S -

Figure 2
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PROJECT .#88110 -

BORE HDLE

LOG

DEPTH
(fent)

SoIL

DESCRIPTION .. & -

SAMPLE

WATER |

 GROUND
- 1 CONDITION

15PT. RESISTANCE A |
10 20 30 40 50 60 70: |

MOISTURE CONTENT % 8|

12" asphalt, brown, 'sandy GRAVEL

(F111)

— 12 ="
— 14 —

16 4

. Lucse to med1um dense gray to
dark gray, REFUSE and s11ty Tine
— 10 ~t'SAND: -damp; paper, metal, nylon,
< |cloth, fiberous waste, glass
,(So1iq_wa§te Fill}

—18 ~-

 Dense to very dense, silty fine
;_20 — to medium SAND: damp; Taminated =
' occasional gravel;

NP,SP

—22 ~ :_(G]acia1}9utwaSh) 1
2s S K -
—26 ]
5 ]
—30 o ENG OF HOLE I

in

50

Figure 3

Trans. Stn.
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“HOLE N
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— |-~ -BH-2

- SMEET

HONE CONSULTING

[ENGINEERS, INC.

F.oi 1 a1




PRDJECT #88110

e e oo e oneer BORE, HOLE LOGY

'SOI‘I.;\-""-“BE‘SCRl‘Pj’IOggi SPT RESISTANCE &

| MOISTURE CONTENTY, @]

. |. 1o 20.30 4080 070 .

_ TR p:-r5p eua{;f;y’spa"i 1 -

. 24 Med‘ium dense brown,lsﬂt_y fine = ‘
; SAND mmst some ! grave'l NP,SP :
N IS =t o r(«F1:I'l).- N

@

Loose to med'lum dense dark brown,

- ‘sj'.".*"REFL.SE ‘and” sandy graveﬂ_y SILT;
m01s1: ;

I N (Sohd k'aste F1I1) . o

- | siT1ty: fine SAND: some gravel;
- |-moist.ta. wet at.base :

— 12— Loese' to me;d1 u'm d!ens'e gray,' =B TR . ;

e (Fﬂ'l}

N 26 7 Medwm dense brown and gray, 7] ! A
o | REFUSE and sﬂty fine SAND: o B

— 28 - somie gravel; glass, fiber, ..-X -
o p'last1c moist to wet : *

(5011ct blaste FiT1) : ) : ‘ \

....... S ]
DR PROJECT“ _Hrc_aLE..-no.
.,;.;...,Irans Stn. .. Improvemen‘ts LQGGED gy . BH-3

t,..

SHEET
ot 2

Figure 4 +°J: Bow Lake Trans. StA. . ELE VATION. 4
: " : SEEtt]E._: NA.,;:. PO U L S D DEPTH .

R . I T I T e e Iy T 3, o ST e p P
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PROJECT. #88110: - -,

BORE HOLE

LOG,;-_;,...E - .

{teet) ;

DERTHY =

B et

VAT

SOIL DESCRIPTIDN *“

‘| SAMPLE"

MOISTURE CONTENT %, @
| sPt RESISTANCE _
10 20 30 4030 60701

ry

- 40 L

- 42

— 48

Dense gray, sﬂty fine SAND:

1am1nated moist; | SP
(E‘[ac1 al- sDutwash)

e

END OF HOLE
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PROJECT. #88110: -
BUPE HDLE LDG.

i —

% MDA F e, .

e

SOIL. _DESCRIP

inN }ii; f‘, o

GROUND
;Z[ WATER - -
.. CONDITION

?SAMPLE

| MOISTURE CONTENT Y. @ |
'SPT -RESISTANCE _
10. 20 30 40 80 6070 |

&

f »Very dense, bnawn sandy fine
f) GRAVEL moist GW P

(Fnﬂ)

o

¥

5 I
4.4.. e
;

- §]-

3 Densem brown, s11ty f1ne SAND:
. draveTly at tnp, mo1st to
saturated SP -

(F111)

10?_ £

12 -

£

3%.};in‘i

Loose to med1um dense brown
o-gray,: REFUSE-and- sandy SILT:
m01st, glass metal,: fiber, brick 1T
(Sal1d waste F111) . R

v ~.-...-v-

top; p]ast1c :

(F1]])

— 16— e -

L 1%-;qnf‘u?{:,_j,““. : -

- 22-.;,— v .,‘., ‘ -

~ 24 - e :

L 26— ; -

ST )
; C Lo o 4

Sl 1 AL R . .
D Meﬁ1um dense, gray, SILT: moist;

L. 32.-fgravel 1ayers peaty proanics at -

5\3” éspha?t E“mééndy grave1 | *)f“ tﬁ gﬂmi:;j%uﬁﬁz ; . _;_ i' ‘‘‘‘

i
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I3 : 1 .
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/
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e

!

Figure 5 |
¢ | Seattle, WA.
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PROJECT: #88110 -

. .BORE HOLE- LOG

Sl

DERTH IR e W __‘_ ' GROUND MOISTURE CONTENTY. @ |
(feat) :é "‘C H"‘g;??o” SPT RESISTAHLE a7l
iL: i"ﬁwoﬁwdmw‘<_ 10 20 30 40806070 | .
Dense, browd, 511ty,:¥1ne SAND: ; - '5'-;_\”;fA’5i4_'rﬁ
35 = 'larmnated mth 5111: Taminates _} | o D | I S
SP-ML: | B TV 0 ’
i D (GTac1aT Outwash) 5, .
- 40 = ;" ENDTOF HOLE " - | T
’ I 5 : B o =
] BRI
— o : - -
For L -e-.'i.?};?-“‘:_-' .i'" e T O T 0 o T S

Figure 5A
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| ) PROJECT: %'88‘1‘10_%'-"‘3‘-‘;’? -
- | e BORE HOLE: LOG.7H %i-

R w nrw v ]

MOISTURE CONTENT %, 01

. |PEPTH  soiL DESJ:RIFTION
8 {f:a') . 5o . A

SAMPLE

P S PO T P A
AT T R ‘;.“l_, e

. Dark brown( sangiy graveﬂy SILT
; F'l

= 24 = | .-
Med'i um: dense dark gray to gray, P
] silty fine SAND shghﬂy plastic S
47T attopy sy Tefusé; wood, glass,
I ' etc:., mmst : oo
b osd (F11'I) o

1
8 = i
. 2 Ld s
. ' - M N " L
: E T R . [Ee : . R
| f— 10 L E T R ) .'w--‘l-‘:'-- [ e MM s o e T
: d A LT .

' | Loose ito dense, brcwn to gray . )J
{ '}~ 12 < REFUSE: .mucky, saturated in ég;gs -a8v .
p1aces glass, plastic, etc.

L 12 4 (§Q‘]1_d‘ Waste Fﬂ’l) : W e - (

" . . : . - . .
: B ) 1 N . . . ] N , .
.|

A\

' | ' 0915 _ 4/

v 4 '— - :. , ..- . _: ey .,._ .

N e O R e - 3
Med1 urm dense ta dense, gray, sitty ' . \
2—28‘ fine SAND: saturated with refuse,KA @ \
7] glass, wadd, cloth, plastic; I )\
. : garbage odor S : )
=30 ) .o .t {S01id-Waste.Fill) < 4 - \\
: Ver'y dense gray,'mott'led 1
20 L] gravelly’ SILT moderately plastic:] . N
| clar mterbed of fine to medium A ¢ ' }
P ; P : . f
% IEYRE LSRRIt J 1 :
4 :, H PROJEﬁi i o - DATE ].U 25 88. - . HOL; NO.
]' | Trans. Stn. ImuraVements LOGGED BY _”SHE_.__ -. BH-5
Fig;u-re-ﬁ» Bow-Lake- Trans Stn i .-EL.EVA‘EiDH.—_..ML__ SHEET
U , Seatﬂe HA L ’

;;DéPTH.U a4’ . | 106t
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PROJECT: #88110-" - -

BORE HOLE.

LOG:, © =

SAMPLE

GROUND

WATER

coumﬂou'

SPT RESISTANCE

MOISTURE CONTENTY. @ ] .
Al

N b -
sand

Vér&r&éﬁée gray; mottled,
gravelly SILT: moderate1y plastic;
-2 1nterbed pf f1ne ta medium

' me )

—

L

i
H
e -
e -
— = -
e — -
e s S
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SUMMARY TEST PIT LOGS

7 TP1 10FT SW OF FIRE HYDRANT - 2119/92 L o '7
n 0.0 - 3.5 F Compact, nhve brown, coarse % ﬁne SAND and cqars_e to ﬁne GRAVET..
: — some Clayey Sﬂt, little Cobbles, SM (SOIT.. HLL) ' _
: AR R e s T -
35-70ft. .- .,;Loose, gray SAND and GRAVEL rmxed thh Refuse rags, plastlc and
' ' wood debns_. M (SO]I. HLL)

Slde-walls cavmg at six feet
- 15-inch metal water-line encuuntered at 7. D ft Water—hne dxd not show
V.7 ¢ .7 any signsof:damage. . . - e I
' Test pit termmated at 70 &

TP2 55FTSW OF FIREHYDRANT-2ig/03 =~ 3" o o

0.0-8.0ft  Loose, brown, Silty coarse to fine SAND and GRAVEL mixed with Refuse -
: " primarily wood debris consisting of tree roots, limbs and logs.- Occasional plastic.. .
and paper debns, M (SOI'L FILL)

: 8.0 - 115ft. ‘Cornpact gray, ﬁne to coarse SAND some Gravel trace 511t (NATIVE OUTWASH
T _ SAND) _

C d-mch ﬂ'uck asphalt slabs encountered near surface (0.5 )
e Test pit terminated at 11.5 f£

TP-3 SOUTH OF EMPLOYEE PARKING LOT - 219/52 |
0.0-20ft  Loose, brow.n, Silty coaree to fine SAND, some fine Gravel], SM-SP (SOIL FILL).

20-80ft Loose, dark gray, Silty SAND, some medium to fine Gravel mixed with Refuse -
wood, plastic and paper debris (REFUSE FILL).

| 80-1351t Loose REFUSE - paper, cans, glass bottles etc. Very little soil mixed with the refuse
= : (REFUSE FILL).

13.5-15.0 ft Loose, dark gray, Silty coarse to fine SAND, little Gravel, occasional glass and
plastic fragments, mixed with pockets of clean, Brays medium to fine SAND
(BOTTOM OF REFUSE FILL).



TP4 . NORTH OF EMPLOYEE PARKING LOT - 2/19/92

00308

30- EOfL

6.0-13ft

. supported ina snil rnatnx.

Loose, brown to graylsh olive green, coarse to ﬁne SA.N'D httle to some coarse to .

ﬁne Gravel; trace tn some Silt, SM (SDII. FILL)

- Very dense, dark gray,. Si]ty SAND and GRAV'EL w1th oc:as:anal glass, metaland _
- “plastic fragments “Soil is very dj.fﬁcult tor excavatemﬂ'l a b_ackhoe (REFUSE FILL)

Loose, dark gray, Silty, medium to ﬁ.ne SAN'D mlxed thh Refuse - abundant metal
cans, glass, plastic and paper debns (REFUSE 'FILL) Refuse appears to be

1.. Ll F-| - : Y

130-150f Compactto dense, gray, medium to ﬁne SAND ('NATIV-'E DU'IWASH SAND)

TP 5" W'ESTE'DGE OF SITE 2/19/92 b ,

0.0 -30 ft

3.0-50f

Sample at 2.0 feet

. ‘Slight water seepage at 3.0 ft

Moderate water seepage and minor cavmg at 13 0 ﬁ‘. .
Test p1t termmated at 15.0 ft.

e ad

R

T oose, brown, Silty coarse to ﬁne SAND tra:e Gravel. Occ:asmnal glass fragments -
(SOIL FILL). ; _ B ;

Sample at 4.0 feet.
Test pit terminated at 5.0 ft

-
Wit
-i

Dense; gray to ulwe brown, medlum to ﬁne SAND SP (NA'I'IV'E OUTWASH
- SAND). . , Son




00-251t

5 25-45f

00-201t

SUMMARY HAND-AUGER LOGS

HA-1 NORTHWEST CORNER OF SITE - 2/19/92

Loocse, brown, coarse to fine SAN'D little Silt, little Gravel, SM (SOIL FILL).

Dense, brownish-gray, coarse to fine SAND, little to ﬁne Gravel SP (NATIVE
OUTWASH SANDS).

Gravel prevents further advancement of auger at 45 ft.

- Hand auger hole terminated at 45 ft

%* HA-2 50 FEET WEST OF THE GATE VALVE - 3/9/92

Loose, brown, Silty, coarse to fine SAND, htﬂe medmm to fine Gravel, SM (SDIL
FILL). . .

Obstructions (cobbles?) prevent further advancement of auger beyond 2.0 feet.
Three separate attemnpts were made.

HA-3 WEST OF THE ACCESS ROAD - 3/5/92 o

0.0-15f

'15-3014t

Compact, brown, coarse to fine SAND, trace Silt, SP (SOIL FILL).

Compact gray, coarse to fine SAND, SP (NATIVE DUTWASH SAND). Scil is

becoming wet at 2.0 feet.

Hand-auger hole terminated at 2.0 ft.
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