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SECTIONONE  ntroduction

In early 1996, Woodward-Clyde Consultants was contracted by the King County Solid Waste
Division to conduct remedial work at the Puyallup/Kit Corner Custodial Landfill: The scope of
work includes evaluating surface water, groundwater, and landfill gas (LFG) conditions at the
landfill. Landfill gas conditions were evaluated and a landfill gas control system master plan has
been prepared and submitted to King County. In addition, Woodward-Clyde has been contracted
to design landfill gas system improvements, including expansion of the existing southern perimeter
gas system to include the eastern and western perimeter of the landfill. It is anticipated that
design of this system will be complete in early 1997 and the system expansion will be built during
the late spring and early summer of 1997.

Additional groundwater monitoring wells have been installed and groundwater conditions are
currently being evaluated by Woodward-Clyde. This evaluation includes ongoing quarterly
monitoring of wells. A summary report describing the results of this evaluation is scheduled for
completion by late spring 1997.

The effects of surface water were evaluated by investigating the performance of the landfill cover,
the extent of the refuse, refuse geometry, and the leachate conditions in the landfill, and by
studying the interaction between the landfill, surface water bodies, and shallow groundwater on
the east side and beneath the site. This evaluation included shallow groundwater because of the
interaction between surface water and groundwater, to the extent needed to understand surface
water or landfill conditions. This evaluation will complement the groundwater summary report
described above, but is not considered to be a thorough analysis of groundwater conditions. This
summary report presents the results of the surface water controls evaluation for the site.

The report is organized into ten sections. The remainder of section one provides the introduction
and background information on the site and site conditions. Section two describes surface
features and hydrology associated with the landfill. Section three describes the culvert passing
through the landfill and the qualitative evaluation of the condition of the culvert. The evaluation
of the landfill cover is provided in Section four. Section five describes the investigation of the
interior landfill conditions, especially the presence of landfill leachate. Section six provides an
analysis of shallow groundwater conditions adjacent to the landfill and interactions among surface
water, landfill leachate, and shallow groundwater. Section seven provides a semi-quantitative
hydrologic water balance of the landfill. Section eight presents the results of geographic
surveying of exploration locations associated with this investigation. The results and
recommendations are summarized in Section nine. Section ten provides a list of references.

1.1 PHYSICAL SETTING

The Puyallup/Kit Corner Custodial landfill is located in western Washington in the Puget Sound
lowlands approximately 4 miles southeast of Puget Sound. The landfill is located near the city of
Federal Way in southern King County, just southeast of the Interstate 5 (I-5) and State Highway
18 (SR-18) interchange (Figure 1-1). Interstate 5 is located approximately 250 feet west of the

" landfill and SR-18 is located approximately one-quarter mile north of the landfill. The landfill is
separated from these highways by wooded areas. Single family and multi-family residential
developments have recently been constructed on the east and south sides of the landfill.

The landfill area covers approximately 20 acres in a mound which ranges from 10 to 40 feet above
the surrounding grade. The maximum elevation is approximately 364 feet above mean sea
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Introduction SECTIONONE

level (msl). An underground gas pipeline and paved access road run generally north-south just
west of the landfill, and a water supply line runs along the landfill’s northern border. Ditches lie
along the northern border and along the access road. A perimeter road provides access around
the landfill, except along the northeast area where the fence line cuts the road off for a short
distance. Dirt roads criss-cross the landfill surface. A stream and two stormwater detention
ponds lie to the east of the landfill. The stream flows southward along the east side of the landfill
and then through a culvert beneath the southeastern portion of the landfill. The stream exits the
culvert along the south side of the landfill and continues flowing southward. Although the site is
fenced and the gate across the access road remains locked, the site has experienced trespassing
and some vandalism to the existing LFG extraction system.

The landfill mound is vegetated with grasses, Scotch broom, and blackberries. Some alder and
Douglas fir trees can be found in the central and southeastern portions of the landfill, and around
much of the landfill’s perimeter. Some areas of the landfill cover are cracked and uneven,
displaying surface depressions from differential compacti(‘)n and settling of the underlying debris.
The landfill cover was reportedly last graded in the 19708 (W. Kinney 1996). Depressions in the
cover collect and pond water during the rainy season.

1.2 CLIMATE

The landfill is located in the Puget Lowlands, an area of moderate precipitation and temperatures.
Precipitation in the area, virtually all of which occurs as rainfall, averages about 35 to 40 inches
per year. The weather pattern is dominated by the Aleutian Low Pressure System during the
winter, when average temperatures are in the low 40s (°F), and by the Pacific High Pressure
System in the summer, when average temperatures are in the low-to-mid 60s (°F). The yearly
mean temperature is about 53° F (NOAA 1991). The area averages about 228 days per year of
cloudy skies, and approximately 85 percent of the precipitation occurs during the eight-month
period between September and April (Liesch et al. 1963).

1.3 REGIONAL GEOLOGY AND HYDROGEOLOGY

The landfill is located within the southern portion of a generally north-south trending topographic
and structural depression known as the Puget Sound Lowlands, which lies between the Olympic
Mountains to the west and the Cascade Mountains to the east. The topography and sedimentary
deposits of the lowlands were formed primarily by the erosional and depositional processes of
advancing and retreating glaciers during the Pleistocene Period. Deposits in the southern
lowlands are dominantly from the last of four major periods of glaciation in the area—the Fraser
Glaciation. This period of glaciation was marked by two glacial advances, or stades—the Sumus
stade and the earlier Vashon stade.

Deposits in the southern lowlands, referred to as the Des Moines Drift Plain, are from the Vashon
stade. These glacial deposits include moraines, outwash gravels and sands, tills, and glaciofluvial
deposits from rivers and lakes which formed as a result of glacial processes. These deposits are
generally termed drift, and the glacial sedimentary sequence may be as much as 1,000 feet thick in
areas of the lowlands. In some areas, more recent erosional and depositional processes of area
rivers and streams have overprinted the glacial morphology and deposits. The recent fluvial
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deposits and Pleistocene glacial sediments are underlain by Tertiary volcanic and sedimentary
rocks.

The principal aquifers beneath the Des Moines Drift Plain occur within Vashon Advance Outwash
deposits and the pre-Vashon Salmon Springs Drift (Luzier 1969). Federal Way Water District
wells, located west of the landfill site, are likely completed within a Vashon Outwash aquifer. The
Salmon Springs Drift occurs predominately as coarse sand and gravel. Much of the drift is

densely consolidated and pore spaces are filled with fine material. Some of the drift deposits,
however, are highly permeable zones of coarse sand and gravel capable of yielding thousands of
gallons per minute to wells. Some water supply wells are completed in pre-Salmon Springs
deposits; however, not much is known about the extent of these aquifers.

Groundwater flow below the southern lowlands is corhplex, and generally moves downward from
one water-bearing zone to the next, as well as flowing laterally (Cline 1969). Groundwater in the
Federal Way area flows generally southward within a channel of the Vashon Advance OQutwash
deposits (Robinson & Noble 1987), '

1.4 PUYALLUP/KIT CORNER LANDFILL HISTORY

A 1936 aerial photograph indicates that the landfill site was undeveloped at that time, although
the sparse vegetation visible on the photograph indicates that it had likely been logged prior to
that time (Applied Geotechnology Inc. 1992). Sometime between 1936 and 1947 the site was
reportedly developed as a gravel pit (N. Fujii 1992). Landfilling at the site began in 1947. No
records exist of the volume or types of refuse placed in the landfill (D. Nyblom 1992). Landfilling
began in the northeast and continued southward, with excavation of borrow material occurring
along the south property line (W. Kinney 1996). In 1959, approximately 9.5 acres of the original
40-acre site was deeded to the State of Washington Department of Highways for construction of
I-5, and some refuse was reportedly moved from the deeded area to active areas of the landfill.

By the early-to-mid 1960s, the Puyallup/Kit Corner landfill served as the principal municipal
landfill for southwest King County. Aerial photographs indicate that the area used as landfill
more than doubled between 1960 and 1965 (Applied Geotechnology Inc. 1992). In 1965, the gas
pipeline along the western border of the landfill was installed at a depth of 3 to 5 feet. The
pipeline trench did not include any barriers to liquid or gas migration from the landfill (AGI
1994b). Also during 1965, the stream along the east side of the landfill was re-routed into a
culvert running southwest for approximately 600 feet beneath the southeast portion of the landfill.
The stream exits the culvert along the south side of the landfill. Although the northern side of the
landfill was the older fill area, it was raised and expanded in the later stages of the landfill
operations. Younger refuse was also likely placed over older refuse in the central part of the
landfill as it was expanded. The landfill ceased operation in 1967, with the total refuse thickness
estimated at 30 to 40 feet (Seattle King County Department of Public Health 1985). The landfill
was then covered by approximately four feet of locally derived soil (W. Kinney 1992).
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SECTIONTWO | Surface Features

24 TOPOGRAPHY

" The landfill was constructed by mounding refuse prior to placing final cover soils. It occupies

approximately 20 acres of land. The highest point on the landfill is at about 364 feet above msl
and the lowest point underlain by refuse is in a depression in the southeast corner of the site
(Southeast Depression) at about 316 feet above msl (Figure 2-1). The highest point of the main
landfill mound is about 42 feet above the east perimeter road near monitoring well PKC-MW1.
The south slope is the longest slope on the landfill with a total height of about 20 feet and inclined
generally flatter than about 6 horizontal to 1 vertical (6H:1V). The east slope varies from about
3.5H:1V to 4H:1V at its steepest locations. The steepest slopes are on the north side of the site
at 3.2H:1V. The west slopes vary greatly but are less than 10 feet in height and typically flatter
than 6H:1V.

The topography immediately west of the site is rélatively flat, with a high point on the northwest
end which slopes gently down towards the southwest and then drops steeply down to I-5. To the
north of the site, the ground surface slopes gently downward from west to east. The topography
east of the site is relatively flat east of the East Stream. This area is occupied by a small
intermittent stream (the East Stream), two detention ponds, and a wetland. The Southeast
Depression area is at the bottom of a steep (2H:1V) slope that rises upward about 40 feet
immediately to the south. Apartment buildings have been constructed south of the landfill near
the top of this slope. Apartment buildings have also been constructed at elevations similar to the
landfill site south of the landfill on the west side of the East Stream.

The landfill surface has a dense grass cover that is typically less than 12 inches high. Near the
middle of the top platform, deciduous and conifer trees 20 to 40 feet tall exist with thick areas of
Scotch broom on the east side. The perimeter of the landfill on the north, west, and east sides is
densely vegetated with tall deciduous trees, brush, and blackberry bushes. The south side of the
landfill also has dense vegetation, in patches, among the thick grasses. The undisturbed area
north and west of the landfill site is forested, while the south side is developed with apartment
buildings. The east side of the landfill is adjacent to a single family housing development,
wetland, and two detention ponds. General vegetation patterns on the landfill site and other site
features are shown on Figure 2-2.

2.2 SOUTHEAST DEPRESSION

A large surface depression in the southeast corner of the site occupies nearly one acre (320 feet
above msl and below) and is approximately 5 feet deep at the lowest point (see Figure 2-3). The
depression is bounded on the north by the perimeter road, on the west by the access road to well
PKC-MW4, on the east by a steep 5- to 7-foot-high slope, and to the south by the 40-foot high
2H:1V slope. The limits of the depression are roughly defined by PKC-MW16, PKC-GP16, and

 PKC-GP17. The depression is underlain by refuse with thin cover soil. The refuse ranges in

depth from about 18 feet (PKC-GP17) to 32 feet (EW-12D) below ground surface (bgs) on the”
west and east sides, respectively. Thus, refuse exists down to about 283 feet above msl in this

area, and possibly even 5 to 10 feet lower.

According to King County Solid Waste Division, the Southeast Depression was excavated for
cover soil for the main landfill and backfilled with refuse (W. Kinney 1996). - The depression
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appears to be isolated from the main body of the landfill by the south perimeter access road and
culvert. The depression has formed over time due to settlement. Additional setttement on the
order of 12 inches has occurred since the LFG extraction system on the south side of the landfill
was initiated in 1994, and was attributed to the vacuum effect and surcharge that the LFG system
has had on the unconsolidated, wet refuse. Most other settlement in this area can be attributed to
consolidation of the refuse and should be expected to continue.

2.3 EAST STREAM

The East Stream begins just north of the northern detention pond, flows south along the east side
of the landfill, and crosses the southeast corner of the landfill (See Figure 2-3). At the point
where the stream crosses the landfill it enters a 36-inch diameter corrugated metal pipe (CMP)
beginning about 40 feet east of PKC-MW1. The culvert is about 600 feet long and bisects the
southeast corner of the landfill before exiting south of PKC-MW3. The stream usually goes dry in
the late summer months (Applied Geotechnology Inc. 1992). The invert elevation at the outlet is
at about 309.2 feet msl; the invert at the inlet is roughly 6 to 7 feet higher. The stream bed
elevations near the north and south ends of the culvert are at about 315 and 308 feet msl,
respectively (AGI 1994b). These elevations indicate that the average slope of the culvert between
the north and south ends is approximately 1.0 to 1.17 percent.

Significant flows and flooding have occurred in the stream during heavy winter rainfall events,
~ resulting in periodic flooding of the Southeast Depression. Recent flooding events are discussed
in Section 4.3.

2.4 SMALL SURFACE DEPRESSIONS/PONDED AREAS

The surface of the landfill has numerous small depressions 0.5 to 2 feet deep that likely resulted
from differential settlement of the underlying refuse. Most of the depressions are found on the
west side of the landfill platform. Water temporarily ponds in these depressions during prolonged
rainy periods (Figure 2-3). Depressions on the north, south and eastern sides of the landfill cover
are typically shallow (less than 1 foot deep) and water ponded in these depressions appear to
infiltrate soon after rainy weather stops. The depressions on the west side of the landfill platform
tend to be larger (up to 40 feet in size and up to two feet deep) and hold water for longer periods
of time. The longer duration appears to be due to a dense, low-permeability layer just below the
landfill surface in this area (see Section 4.1). Two large ponded areas also were observed
southwest of the landfill south of PKC-MW2. This area was excavated in 1970 and the soil was
used to regrade depressions which developed on the landfill (W. Kinney 1996).

Significant water ponding was observed along the east perimeter road and in ditches along the
north perimeter road. These areas are affected by precipitation, and also are located in areas
where seepage from the landfill has been observed.

2.5 SURFACE SEEPS

Seepage along the landfill perimeter was observed during the current field investigations and was
investigated during previous studies at the landfill site. These investigations are discussed below.
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2.5.1 Previous Investigations

In 1984 and 1985, the Seattle-King County Department of Public Health (1985) conducted a
survey of 23 abandoned landfills in King County, including the Puyallup/Kit Corner Landfill site,
to determine if any public health problems existed at the sites. A surface water evaluation was
included in the study performed at the Puyallup/Kit Corner Landfill site. Two surface water
samples were tested at the site and checked for leachate indicator parameters including pH,
temperature, dissolved oxygen, conductivity and turbidity. One water sample was taken from the
drainage conduit on the west side of the landfill which drains into a ditch along I-5 (the West
Stream). A discoloration characteristic of leachate was observed in the water sample; however,
testing did not indicate a leachate problem, although a pH of 5.3 was measured. The second
sample was taken in the East Stream near the inlet to the CMP culvert that passes through the
landfill. Testing indicated no leachate contamination in the East Stream at that time.

The Seattle-King County Department of Public Health (1986) conducted a toxicity/hazard
assessment at the site in 1986. The Puyallup/Kit Corner Landfill was among six landfill sites that
were further investigated to identify potential hazardous conditions to human health or safety,
which included an evaluation of surface waters at the site. Three water samples (two in the East
Stream and one in pool of water near EW1) and one discrete soil sample in the stained ditch on
the north end of the landfill were tested. Samples were analyzed for U.S. Environmental
Protection Agency (EPA) Hazardous Substance List organic chemicals, EPA Priority Pollutant
metals and total cyanide, and characterized using Beckman’s Microtox bioassay procedure. The
analyses did not reveal any priority pollutant concentrations of concern and concluded that the site
surface presents no public health risk beyond background levels.

In 1992, Converse Consultants Northwest performed an assessment of surface water for the Alder
Glen Property located east of the landfill (CCN 1992). Three surface water samples were tested,
two from the East Stream and one from a drainage swale adjacent to Lot 38. The samples were
tested for analysis of priority pollutant organics and metals and Minimal Functional Standards for
Solid Waste Handling monitoring requirements listed in WAC 173-304-490(2)(c). Converse
Consultants Northwest concluded that “Water quality results do not indicate leachate-impacted
surface water at the sample locations” (CCN 1992, page 8).

On April 27, 1992, the King County Solid Waste Division sampled and tested water which
appeared to be a landfill seep from the north end of the landfill at the request of the Seattle-King -
County Department of Public Health. The sample was collected from the orange-stained area
after sufficient rainfall produced enough water in the area for an adequate sample. Typicai landfill
leachate indicator parameters were found at relatively low concentrations, except manganese.
Lead (less than 30 mg/L) was the only parameter possibly exceeding the sample hardness
concentration. The King County Solid Waste Division did not find evidence of surface water
impacts at that particular location based on the sample test results (King County Solid Waste

Division 1992).
Surface water samples were collected and tested by AGI Technologies in 1993 from the East

Stream and from a swale near the northeast corner of the landfill (AGI 1994b). The East Stream
water samples were collected near the inlet and outlet of the CMP culvert that passes through the

_ landfill, and the remaining sample was collected upstream of the landfill as a background sample.

The three water samples collected from the East Stream and one from the northeast swale were
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tested for volatile organic compounds, total dissolved oxygen, total suspended metals, chloride,
sulfate, nitrate/nitrite and ammonia, chemical oxygen demand, and total organic carbon. In
addition to analytical testing, the water samples were field screened for pH, temperature, and -
conductivity. AGI reported that all analytical test results “indicate the landfill is not impacting
surface water quality in the East Stream” (AGI 1994b, page 6-1). In addition, several seeps
around the landfill were also tested for conductivity. Results indicated conductivity of the
sampled seepage water ranging from 20 to 450 pmho/cm.

2.5.2 Current Investigation

Seepage emanating from the landfill cover was observed at a number of locations around the
landfill perimeter during the field investigation program (March and April 1996). On May 10,
1996, a survey of these seeps was performed and conductivity measurements were recorded at
selected locations where pools of water were encountered. To help distinguish seepage areas
from moist areas caused by rainfall, the survey was conducted after several days of dry weather,
preceded by several days of only light precipitation. Orange to reddish-orange staining and/or an
iridescent sheen were typically observed at the seepage locations. Generally, the seeps were
observed on the inside of the perimeter road and at the toe of the landfill slope. The areas where
seepage and staining were observed and the results of the conductivity measuremehts are shown
on Figure 2-3.

The most significant area of seepage was found on the east side of the landfill along the perimeter
road. Consistent seeps were observed from just north of PKC-MW1 to PKC-GP21, with the
heaviest seepage occurring between PKC-MW1 and PKC-MW5. Orange and reddish-orange
staining and the iridescent sheen were observed in pools of water, but mostly on the surface of the
soil and ground cover. The ground surface was very moist or had ponded water along the entire
length of this area. Conductivity measurements made in the pools of water ranged between 97
and 445 pmho/cm. These levels of specific conductance are extremely low and would not be
considered an indication of typical landfill leachate; however, dilution from rainfall may have
affected the results. ' ‘

One long seepage zone was observed on the south side of the landfill near PKC-MW?3. This zone
extended from about 100 feet east of PKC-MW3 to 150 feet west of PKC-MW3. The pools of
water were dried up at the time of our survey so conductivity couldn’t be measured, but the soil
along the toe of the slope in this area was moist, and staining of the soil and ground cover along
the north side of the south perimeter road indicated seeps in this area.

Orange staining indicated seepage on the west side of the landfill. The staining was observed
from about 50 feet south of PKC-GP19 to about 20 feet south of PKC-MWG6.

On the north side of the landfill, a zone of heavy seepage was observed near PKC-GP20. This
area was about 60 feet long, although a ditch conveyed stained water east from this area.
Conductivity measurements were as high as 422 umho/cm. A pool of water farther east, near
PKC-MW?7, had an iridescent sheen on it and a conductivity measurement of 221 pmho/cm was
recorded.

Orange staining was observed at a few spots on the landfill platform; however, the thick grasses
prevented observations from being made in most areas.
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Conductivity measurements also were performed on water samples taken from the north side of
the East Stream, at each end of the culvert. No staining was observed in these areas.
Conductivity measurements of 108 umho/cm and 117 umho/cm were recorded for the samples
taken from the stream at the east (inlet) and west (outlet) ends of the culvert, respectively.

2.6 TENSION CRACKS

An area with extensive tension cracks was observed near the southwest corner of the landfill
platform. The approximate locations of the tension cracks are shown on Figure 2-3. A
depression has resulted in this area, apparently due to settlement of uriderlying refuse. It appears
that 6 to 8 feet of settlement has occurred and long tension cracks have resulted along the east
and west sides of the depression with shorter cracks to the south. The tension cracks are up to
150 feet long. Parts of the cracks have up to 12 inches of lateral offset. The shape of the
depression indicates that a refuse geometry similar to the Southeast Depression may underlie this
area, although Mr. Walt Kinney recalls refuse depths or the order of 10 to 15 feet in this area (W.
Kinney 1996). The tension cracks were briefly described by Applied Geotechnology Inc. (1992).
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SECTIONTHREE Culvert Evaluation

One objective of this study was to evaluate the culvert that passes through the landfill in order to
determine the physical condition of the culvert and to estimate whether culvert leakage had the
potential to generate significant quantities of landfill leachate. The 36-inch diameter culvert is
about 600 feet long and is oriented in a west-southwest direction (Figure 2-2). The East Stream
flows south along the eastern boundary of the landfill before entering the culvert about 40 feet
east of PKC-MW!1 and then discharging between PKC-MW3 and PKC-MW4, Both ends of the
culvert are equipped with steel trash racks. On May 8, 1996, a geotechnical engineer from
Woodward-Clyde visually evaluated the culvert, by viewing the interior at both the inlet and
outlet, as well as inspecting the culvert at the manhole located about 180 feet from the outlet.
The entire length of the culvert was not inspected.

The creek was about 12 inches deep just inside the east end of the pipe at the time of the
observations. Both ends of the culvert appeared to be in very good condition and no debris was
observed inside the culvert within visual range of the ends (about 50 to 75 feet). No rust, holes,
or other signs of corrosion were observed at either end of the pipe. In addition, the pipe did not
show any signs of deformation along the interior as far as was observed. The outer 3 feet at the
outlet of the pipe did have several 1/4-inch diameter holes, which appeared to be punctures by a
sharp object rather than corrosion. The holes were seen on the sides and top of the exposed end
of the outlet and none were observed below the water surface. The holes likely occurred during
or after installation of the culvert. No indications of unusual odors or landfill gas were noticed at
the ends of the culvert or at the manhole during the observations.

The inside of the manhole was examined through the grate of the cover. The 2-foot diameter
cover was corroded to the rim of the manhole and could not be removed without the risk of
damaging the manhole itself. The manhole appears to be constructed out of brick and concrete
mortar. The depth to the bottom of the manhole is about 11 feet. The top of the east inlet pipe is
about 6.7 feet below the grate, which places the bottom of the pipe about 9.7 feet below the
cover. The upper 5 feet of the manhole is about 2 feet in diameter and the lower 6 feet is 3.5 to 4
feet in diameter. The mortar between the bricks appears to be deteriorating or was poorly placed
when the manhole was constructed. Several areas between bricks appeared to have no mortar
and water likely can leak through the manhole in these areas. The bottom 12 to 18 inches of the
manbhole, below the CMP pipe ends, appears to be in native soil, although it was difficult to
observe because of the flowing water.

This indicates about 1.3 feet of water swirls around in the bottom of the manhole before exiting.
Both pipes appeared to be in good condition. The inlet pipe did have significant discoloration, but
this appears to be due to rusting of the iron manhole step above the east inlet pipe which drips
down and accumulates on top of the pipe. The west pipe appears to have much more rust and
corrosion but the pipe did not appear to have any holes.

The 1986 report by the Seattle-King County Department of Public Health discussed a different
manhole which collapsed just northeast of the outlet. The collapse resulted in a hole about 8 to
10 feet in diameter and about 10 feet deep . The stream was flowing at the bottom and fill strata
was readily observed on the sides of the hole. During our site observations, this area had been
repaired and appears to have been reconstructed by adding a new CMP pipe section to the culvert
and placing small riprap over the pipe as backfill, east to the perimeter access road. No
documents or discussions related to this work were available. It is also possible that this
coliapsed area may have been a collapsed section of the CMP culvert due to corrosion that may
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Culvert Fvaluation SECTIONTHREE

have looked like a manhole. Observations made on the landfill surface above the alignment of the
CMP culvert indicate localized settlement up to a few feet deep. This may indicate settlement of
pipe backfill soils and/or corrosion of the pipe, piping of soil through the corroded areas, and
subsequent settlement. This observation, in conjunction with repairs made to the outlet end of the
culvert and possible rusting/corrosion at the manhole, suggests that the culvert may be in poor
condition along some of the buried section. The ends of the culvert may be relatively new or less
impacted to corrosive elements due to their position.

The results of our investigation indicate that the culvert was likely installed prior to placement of
refuse in that area. The culvert is likely completely buried in native or fill soils and backfilled with
clean soil. Refuse placed after installation of the culvert may be above or just north of the culvert
alignment. The King County Solid Waste Division also confirmed that the culvert was installed in
native soils in 1965 as the landfill operations progressed southward (W. Kinney 1996, AGI
1994b). Although the culvert appears to be in fair condition, leakage is expected at the existing
manhole. This leakage, and possible other leakage from deteriorated sections of pipe, is
considered significant when compared to the overall site water balance as further discussed in
Section 7. '
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SECTIONEFOUR | Landiill Cover Evaluation

41 BACKHOE TEST PITS

The cover of the landfill was evaluated by excavating test pits at selected locations across the
surface and collecting soil samples to be tested for grain size distribution. Thickness and grain
size distribution of the cover soils were measured to characterize the site for evaluating the cover
performance, for performing the Hydrologic Evaluation of Landfill Performance (HELP)
modeling, and for the water balance analysis. In.addition, test pits were excavated to determine
the extent of refuse along sections of the landfill perimeter. The extent of refuse will be used
during the design phase of the LFG system expanswn and when evaluating the CMP culvert and
Southeast Depression.

4.1.1 Cover Thickness

Twenty-three backhoe test pit locations (TP-1 through TP-23) were excavated to characterize the
thickness and material types across the landfill surface. The test pits were selected to obtain a
representative number of locations along the sideslopes, top platform, and in the Southeast
Depression. Test pits were located in the field using nearby landforms and features such as
existing well locations and access roads. Their locations are shown on Figure 4-1.

The test pits were excavated on March 11 and 12, 1996, under the direction of a geotechnical
engineer or geologist from Woodward-Clyde. The test pits were excavated through the cover
soils and about one foot into the refuse. The thickness of the cover soils varied from 1 foot near
the west side of the landfill to about 8.5 feet near the middle of the landfill. The west and north
sides of the landfill had the thinnest cover soils, varying from 1 to 3 feet thick. The cover along
the east and northeast slopes varied from 4 to 6 feet thick, and the south slope had a relatively
uniform 4-foot thickness. The thickness at the north end of the top platform ranged from 2.5 to
3.5 feet. The south end of the top platform was generally thicker than the north end, with the
cover typically ranging from 3.5 to 6 feet thick, excluding Test Pit TP-9, which was 8.5 feet thick.
The two test pits excavated in the Southeast Depression indicated that the cover was 1.5 and 3.5
feet thick. Field observations of the test pit excavations are summarized in Appendix A.

Cover soils were generally composed of poorly graded sand with silt and gravel, silty sand with
gravel, or silty gravel with sand. Gravel and sand portions each generally made up about 40 to 50
percent of the sample, while the silt pomon typically ranged from 5 to 20 percent. The'gravel
were typically subrounded, and some cobbles up to about 12 inches in diameter were observed.
Laboratory tests consisting of grain size determinations were conducted on 11 composite samples
obtained from the cover soils. The test is described and the grain size curves are presented in

Appendix D.

The cover soils were generally easy to excavate, except for a very dense gray silty gravel with
sand to silty sand, encountered on the south half of the top platform (test pits TP-10, TP-11, TP-
12, and TP-22). This hard gray layer was typically about 1 foot thick and was generally
encountered just above the refuse materials. This layer had the appearance of recompacted glacial
till. Soil excavated from the Southeast Depression was used as cover soil for the refuse as the
Jandfill progressed southward (W. Kinney 1996). Glacial till soils removed from the Southeast
Depression were likely recompacted on the south end on the top platform, resulting in the dense,
gray, till-like layer described above.
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Landfill Cover Fvaluation SECTIONFOUR

While excavating the test pits, a portable gas detector was used to monitor landfill gas levels by
placing the instrument into the excavation near the top of the test pit. The primary purpose was
to monitor for safety of the field personnel during exploration activities. Significant landfill gas
fevels, 22 and 40+ percent lower explosive limit (LEL), were recorded in test pits TP-5 and TP-7,
respectively. Both test pits are located near the northeast corner of the landfill. Landfill gas was
not detected in any of the other test pits. Landfill gas may have been present in other test pits, but
was not detected when monitoring the air space for safety purposes. The measurements
depended on the level of gas present, wind direction, and depth of the test pit. At no time did
field personnel enter the test pits.

The refisse materials below the cover soils were observed and moisture content and degree of
decomposition were visually estimated and recorded. Newspaper was generally the best indicator
of the state of decomposition and amount of moisture. In general, refuse was composed of
typical household waste materials, including plastic containers, plastic bags, newspaper,
cardboard, clothing articles, glass, metal, wire, wood, and yard waste. Refuse materials
encountered in the test pits are described in more detail in Appendix A.

Seepage within the cover soils was observed in several test pits. Seeps were generally observed
on the central and south half of the top platform where the dense gray layer was encountered;
however, seeps in test pits TP-7 and TP-17 were also observed. ‘The seeps appear to be short-
term features related to perched water from recent heavy precipitation and likely go dry once the
rains stop for an extended period of time. This was evident in Test Pit TP-12, where significant
seepage was observed on March 11 at a depth of 2 feet, while no seepage was observed in a
hand-dug pit at the same location on May 8, 1996.

4.1.2 Refuse Limits

The extent of refuse along portions of the landfill perimeter were determined (1) for the design of
the perimeter LFG collection system, and (2) to evaluate the relationship of the refuse with the
CMP culvert and the north side of the Southeast Depression. Sixteen test pits (TP-24 through
TP-39) were excavated to determine the limits of refuse. Refer to Figure 4-1 for test pit locations
and estimated limits of refuse. The test pits were excavated on October 14 and 15, 1996, under
the direction of a geologist from Woodward-Clyde. The purpose of these test pits was solely to
determine the extent of refuse. No samples were obtained and no detailed descriptions of the
refuse or soil types were made. ’

Landfill Perimeter

Test pits TP-24 through TP-32, TP-38, and TP-39 were excavated to aid in design of the
perimeter LFG header pipe and condensate lines. Establishing the limits of refuse was important
to design a collection system which would be installed beyond the refuse thereby reducing
construction costs and settlement and long-term maintenance problems. The refuse limits
identified in these test pits all occurred within the perimeter access road, except TP-27, TP-29,
and TP-30. The limits of refuse was not determined at TP-27 because of difficulty in excavating
the refuse into the wooded area north of the perimeter road. The limits of refuse on the east side
of the landfill, south of about PKC-MWS35, appear to terminate near the west side of the perimeter
access road. North of PKC-MWS, the refuse limits were not determined in the test pits and
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SECTIONFOUR | Landfill Cover Evaluation

appear to extend east to or beyond the fence line approximately between test pits TP-29 and TP-
30. However, according to Mr. John Komorita of the King County Solid Waste Division, King
County personnel performed test explorations at the time the fence line was installed and that all
refuse is within the fence line (J. Komorita 1996). On the west side of the landfill, north of the
LFG treatment facility, the refuse appears to be east of PKC-MW10 and PKC-MW6é.

Southeast Depression and CMP Culvert

Test pits TP-33 through TP-37 were excavated to determine the geometry of the refuse relative to
the north side of the Southeast Depression and the CMP culvert. Test pit TP-32 was also used
for this purpose. Test pits TP-32, TP-34, and TP-36 were excavated directly over the CMP
culvert along the south edge of the main landfill slope. These test pits were excavated to
determine if refuse was in contact or overlying the culvert. Based on the test pit results, it
appears that the culvert was placed in native or fill soils and backfilled with granular soil. In all
three test pits the bottom of the refuse was encountered above the culvert. In TP-36, the top of
the culvert was estimated at about 8 feet deep and refuse was encountered between 2.5 and 4 feet
below the ground surface (bgs). Refuse in TP-32 was encountered from 2.5 to 3 feet deep, while
in TP-34 the refuse was encountered at about 4 feet deep and only about 0.5 feet thick. The
culvert was not encountered in any of the test pits to avoid potential damage, since the bottom of
the refuse appeared to be well above the crown of the pipe. Test pits TP-33, TP-35, and TP-37
were excavated along the north side of the Southeast Depression. The north end of the refuse
limits were established in all three test pits. The northern extent of refuse was generally close to
the top of the slope break, and refuse thickness increased rapidly to the south except in TP-37, in
which only a thin stringer of refuse was found. Refuse was encountered 0.5, 2 and 1 foot bgs in
test pits TP-33, TP-35, and TP-37, respectively.

All six test pits along this area encountered the edge of refuse for the main landfill or the
Southeast Depression. The south perimeter access road appears to be underlain by fill soil with
only minor and sporadic refuse mixed in. Results from the test pits also suggest that thin stringers
of refuse may underlie the road in some areas, but in general the two refuse bodies appear to be
separate from each other.

4.2 HELP MODEL

To aid in evaluating the water balance, a hydrologic evaluation of landfill performance (HELP)
model was performed for the landfill cover. The results of the cover exploration program
(including thickness of the cover materials, grain size distribution, and depth of vegetation) were
used in the mode! to characterize the site. The detailed results of the analyses are presented in
Appendix B and summarized below.

As shown on Figure B-1 in Appendix B, the landfill surface was divided into six sub-areas based
on the slope of the landfill surface, landfill cover permeability, thickness of the cover, and
vegetation patterns. To evaluate the permeability of the cover soils, grain size analysis were
performed on test pit samples. The results of grain size analysis (see Appendix D) were evaluated
using the program MVAKSF developed by Vukovic and Soro (1992) to estimate the permeability
of the soil layers. The MVAKSF program calculates the hydraulic conductivity from grain size
distribution using different empirical formulas proposed by ten researchers. Appendix B describes
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Landfill Cover Evaluation SECTIONFOUR

the empirical formulas used and the MVAKSF program in more detail, and Table B-1 shows the
results of the permeability analysis for the test pit samples. Based on their investigations, Vukovic
and Soro suggest that the formulae proposed by Kruegerr and Zamarinu provide results which are
most representative of field conditions. The average permeability of the sandy layer (layer 2)
obtained from Kruegerr and Zamarinu’s formulas were 1.41E-02 cm/sec and 6.38E-03 cm/sec,
respectively (Vukovic and Soro 1992). The corresponding permeability estimates for the silty
gravel layer (layer 3) were 3.78E-03 cm/sec and 1.17E-03 cm/sec.

A typical topsoil material with a permeability of 7.2E-04 cm/sec (soil type #6 in the HELP model
database) was assigned to the vegetative top soil layer (layer 1). A permeability of 5.8E-03
cm/sec (soil type #2 in the HELP model database) was assigned to layer 2, as it represented
permeability within the range obtained from Kruegerr’s and Zamarinu’s formulas. Field
observations indicated that water ponded on top of the silty gravel layer, suggesting that the
permeability of layer 3 was lower than those estimated by the MVAKSF program. Therefore, a
soil type #9 in the HELP model database, representing a permeability of 1.9E-04 cm/sec, was
assigned to layer 3.

The results of the HELP analyses show no significant variation of results obtained from the HELP
models between the six different sub-areas (Table B-3 in Appendix B). The results suggest that
the presence of dense vegetation at the landfill and the coarse grain size distribution of the cover
soils controls the infiltration rates by reducing runoff and increasing evapotranspiration. A
weighted average based on area magnitudes was used to obtain the average infiltration rates for
the entire landfill. The average percentage of precipitation infiltrating through the landfill cover
was 58.9 percent (23.0 inches/year). This represents an infiltration of approximately 83,000 cubic
feet per acre per year, or a total infiltration of 1,600,000 cubic feet (12 million gallons) per year

" for the entire landfill area.

4.3 SOUTHEAST DEPRESSION FLOODING

During our field exploration investigations at the site, a very heavy rainfall event occurred
(reportedly about 2 inches in 24 hours) on April 23, 1996. A Woodward-Clyde geologist
observed that the entire southeast depression was filled with water on April 24, 1996. The
ponded area was reportedly about 5 feet deep and covered several of the extraction well heads.
Observations the following day revealed that no water was ponded at this location and therefore
had completely infiltrated into the refuse in one day. Later discussions with Ms. Anna Leake of
King County Solid Waste Division also revealed that flooding of this area was suspected but
never observed (A. Leake 1996). Ms. Leake did note that a similar flood event occurred between
January 8 and 15, 1996. Ms. Leake mentioned that the event observed by the Woodward-Clyde
geologist flooded about half way up the control panel located near the east end of the depression
near extraction wells EW12S and EW12D. The control panel apparently shorted out and the
condensate pump located bgs also became inoperative due to the flooding. The chain link fence
around the control panel had weeds and branches several feet high tangled in the fencing. In
addition, mud was present about halfway up the control panel. The bottom of the control panel is
about 51 inches above the ground. The water depth in this area would have been about 57 inches
deep (almost 5 feet deep). ' '
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A section of the slope north of the control panel (approximately between EW12S and PKC-

MW 16) has eroded, exposing soil and gravel. Test pit TP-33, excavated in the eroded area, only
had about 0.5 feet of cover over the refuse. This is the area where floodwaters enter the
Southeast Depression after overtopping the inlet of the culvert. The access road on the west end
of the depression is about 3.5 feet above the adjacent ground surface and about 4.5 to 5 feet
above the ground surface at the control panel. The access road is covered with gravel fill and the
west side has been protected with small riprap (up to 12 inches). The riprap extends from the
west edge of the access road to the outlet of the culvert. Near the east end of the culvert, a
significant buildup of sticks and other debris was found accumulated at the bottom of the fence.
Other flood debris was seen south of the culvert within the trees.

Based ‘on our observations and our discussions with Ms. Leake, it appears that the Southeast
Depression flooded at least twice during January through April 1996. Flooding probably also
occurred on February 8, 1996, during the heavy rains that flooded many rivers and streams in
western Washington. The flooding may be due to inadequate size of the culvert, debris buildup
on the trash rack, or downstream backwater effects, which flood the exit to the culvert. It
appears that debris buildup within the trash rack may not be the main problem, but rather
inadequate sizing and backwater effects from undersized culverts downstream may be the primary
problems. Our observations after the April flood and Ms. Leake’s observations after the January
flood did not reveal any debris buildup at the inlet of the culvert. Backwater effects from the
creek below the culvert may also be a significant problem during peak flow events. Discussions
with King County Surface Water Management suggests that the culvert is likely undersized and
that all culverts along this reach of the East Stream should be at least 48 inches in diameter (D.
Althauser 1996). We understand that King County Solid Waste Division plans to relocate the
control panel to higher ground so that it will not be affected by future flooding. According to
King County Solid Waste Division, past flooding downstream of the landfill culvert caused
backwater to flood as high as the top of the fence at the property line (W. Kinney 1996). This
sort of flooding downstream of the culvert would inundate the outlet of the culvert.

Flood water overtops the east inlet pipe and appears to flow to the southwest through the fence
near the gate across from PKC-MW1. The fence acts like a sieve and strains out the sticks and
larger debris. Water flows southward about 20 feet west of PKC-MW 16 before dumping into the
Southeast Depression. The depression fills up with water until it overtops the west access road
(to PKC-MWA4), which acts as a small levee. The flooded water then reenters the stream by
flowing across the small riprap and dumping into the creek at the outlet of the pipe. This would
explain the fresh eroded area on the north slope of the depression near PKC-MW16 and the need
to protect the west access road and the area above the culvert with gravel and small riprap. The
riprap may also have been placed when the old collapsed manhole/pipe was repaired prior to this
investigation.

The capacity of the depression is about 85,000 cubic feet (640,000 gallons). When compared to
the volume of surface infiltration from precipitation through the entire 20-acre landfill, this
represents an additional 5 percent of water infiltrating into the landfill per single flood event. If
this occurs two to three times a year then 10 to 15 percent more water will be introduced into the
refuse in addition to direct infiltration threugh the cover soil by normal rainfall. Because of the
high permeability and relative thinness (1.5 to 3.5 feet) of the sandy cover soil over the refuse in
the Southeast Depression, 5 feet of water in this area could completely infiltrate into the refuse
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within about 24 hours, as was observed by Woodward-Clyde personnel. Water infiltrating before
and during overtopping the access road was not accounted for; therefore, these volumes should
be viewed as minimum estimated volumes of additional water infiltration. Actual infiltration

volumes may be higher.
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SECTIONFIVE Landfill Leachate Gonditions

Three interior gas wells (PKC-IGW1 to PKC-IGW3) were installed in the refuse between March
15 and 19, 1996, to evaluate leachate conditions. The bottom of the landfill was identified to
establish the thickness of refuse in the borings and to determine the soil materials below the
landfill. The interior. gas well borings were drilled using 13'4-inch diameter hollow stemi augers,
and the well compilations consisted of 4-inch, SDR 11, high density polyethylene (HDPE) casing
with Y4-inch machine slotted screened sections. In addition, as part of the shallow groundwater
study, three piezometers (designated PKC-MW13, PKC-MW15; and PKC-MW17) were installed
in refuse and PKC-MW 8 also encountered refuse during drilling. The piezometers were installed
between March 11 and 14, 1996. The borings were drilled using 8.5-inch outside diameter
hollow stem augers and the piezometers consisted of 2-inch, schedute 40, polyvinyl chloride
(PVC) casings and factory slotted (0.01 inch), 10-foot screen sections. Prior to constructing the
wells, a bentonite seal was placed in the bottom of the borings up to approximately the bottom of
the refuse.

The locations of the interior gas wells and shallow piezometers are shown on Figure 5-1.
Summary boring logs with the completions are presented in Appendix C. Details of the drilling
methods and monitoring completions also are presented in Appendix C.

5.1 - SUBSURFACE CONDITIONS

The borings that penetrated refuse encountered three general material types: cover soil, refuse,
and native soil. Table 5-1 summarizes the depths of the borings, thickness of materials
encountered, screened intervals, and depth to water at time of drilling.

The cover soil materials were similar to those encountered in the cover evaluation and test pit
program (Section 4.0). Cover soils in borings PKC-IGW1 and PKC-IGW3 consisted of silty
gravel with sand (GM), while PKC-IGW2 consisted of poorly graded sand with silt and gravel
(SP-SM). :

Refuse materials were generally composed of varying amounts of paper, plastic, glass, metal,
wire, rubber, cloth, and wood debris, with lesser quantities of various other materials. Little soil
was observed among the refuse. The refuse appeared to have low to moderate decomposition
(see Appendix A) with some yard debris in Boring PKC-IGW1 being highly decomposed. Cross-
section A-A' (Figure 5-2) illustrates the general geometry of the refuse based on the limited
borings. The location of cross-section A-A' is shown on Figure 5-1.

Native soils were encountered below the refuse materials in all three borings. The soils generally
consisted of very dense silty sand with gravel (SM) to silty gravel with sand (GM). The native
soils appeared to be glacial till. Typically, the sampler could not be driven to its full depth (blow
counts for the final foot were in excess of 100 blows/foot). The glacial till was not fully
penetrated in any of the interior gas wells or shallow piezometer borings. Moisture content tests
and grain size analyses were performed on the native soils from each boring to characterize the
material types. The test results are presented in Appendix D and the grain size curves are shown
on Figure D-1.
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Landfill Leachate Conditions SECTIONEFIVE

5.2 LEACHATE

Leachate (defined here as liquid in the landfill in direct contact with refuse) was encountered in
PKC-IGW1, PKC-IGW3, PKC-MW13, and PKC-MW 18 at the time of drilling, as shown in
Table 5-1 and on Figures 5-2, 5-3, and 5-4. These appear to be actual leachate levels in the refuse
rather than perched leachate levels. The depths to leachate of 13, 18, and 17 feet for PKC-IGW1,
PKC-IGW3, and PKC-MW 13, respectively, indicate that approximately 5, 17, and 18 feet,
respectively, of leachate existed in these borings at the time of drilling. No leachate was
encountered in PKC-IGW2 or PKC-MW 17 at the time of drilling. Well PKC-MW15 had
approximately 2 feet of wet refuse (paper saturated but no free water) at the bottom, but no
measurable leachate level has been recorded. Well PKC-MW 18 encountered approximately 3 feet
of saturated refuse. '

Long-term monitoring of the leachate levels is presented in Appendix E. The data indicate that
the leachate level has dropped during the spring and summer and appears to be directly related to
the wet weather season or heavy rainfall events, Therefore, highest leachate levels are likely to
occur near the end of the wet season (March to April), while the lowest leachate levels may occur
at the end of the dry season (September to October). Leachate levels measured on August 19,
1996, indicated that PKC-IGW1 had dropped about 1.5 feet since the time of drilling, and PKC-
IGW3 and PKC-MW 13 had dropped about 8 to 10 feet. Wells PKC-IGW3 and PKC-MW13
have similar leachate conditions and refuse geometries, and both exhibited very similar responses
to fluctuations in leachate levels.

The bottom of the landfill appears to have a slight bowl shape underlain by glacial till soils (see
Figures 5-2, 5-3, and 5-4). The native soils may minimize vertical leachate migration beneath the
main landfill. Based on the leachate conditions within the landfill and the observed seeps, it
appears that leachate builds up within the landfill during the winter and spring and migrates east,
where it daylights along the east perimeter road. Leachate also may migrate east beyond the
perimeter road and seep directly into the East Stream, based on the gradient of the leachate and
elevation of the stream bed. The eastward gradient appears to occur year-round, with the highest
gradient occurring in the winter. The pool of leachate that may exist in the refuse is illustrated on
Figure 5-5, which represents the highest observed leachate levels. Most of the saturated refuse is
on the central and east side of the landfill. The pool of leachate has a downward gradient to the
east and emanates from the east landfill slope in the form of seeps.

Leachate volumes appear to be directly related to rainfall amounts and infiltration into the landfill
through the cover soils. Therefore, the rainy part of the season will produce most of the leachate
within the landfill and little will be generated during the drier periods. The seasonal fluctuation in
leachate generation will have at least three impacts to the site: (1) the highest leachate levels will
probably be during mid-winter to late spring, (2) seeps emanating from the landfill cover will be
most apparent during this same period and they may not appear at the surface during the summer
and fall, and (3) potential leachate entering the stream would be greatest when leachate levels are
higher, but the impact may not be measurable due to dilution because the stream flow would also
be the greatest during this time. Previous water quality tests (AGI 1994b) may not show
measurable leachate constituents in the stream due to the time of year samples were taken,
leachate levels within the landfill, and the dilution effect the stream would have on the leachate.
As discussed in Section 2.5, several past seepage studies at the landfill indicated that the sampled
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seeps presented no public health risk and analytical results did not indicate any priority pollutant
concentrations of concern.

Occurrence of leachate in the Southeast Depression is discussed separately in Section 6.3.2.

» , Table 5-1

: SHALLOW WELL SUMMARY

| |

I

=

‘ PKC-IGW1 26 35 3.5-18 10-18 13
PKC-IGW2 31.2 2 2-16 8.5-13.5 not

- , encountered

L PKC-IGW3 435 6 6-35 11.5-32 18
PKC-MW13 38.2 6.5 6.5-34 23-33 17
PKC-MW15 26 5 5-22 12-22 not

P ! _ encountered
PKC-MW16 26 none none 12-22 not

L encountered

L PKC-MW17 26.5 4 4-21.5 11-21 " not

encountered
B PKC-MW18 26 38 3.8-7 13-23 3.8

Note: a. at time of drilling
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SEGTIONSIX Shallow Groundwater Evaluation

Shallow groundwater conditions on the east side of the landfill were assessed to determine the
relationship between the leachate in the landfill, the East Stream, the detention ponds and wetland
area, and possible shallow groundwater east of the landfill. This assessment included:

e Reviewing existing site hydrogeologic information

¢ Installing five new piezometers within and east of the landfill

e Collecting groundwater level measurements during April, May, June, August, and November

1996
e Making seepage observations
e Sampling and testing groundwater from new and e;(isting monitoring wells
e Reviewing shallow groundwater and surface water quality data

In addition, information from the three interior gas wells was used for this assessment. Based on
this information, possible interactions between leachate in the landfill and off-site surface water
and shallow groundwater bodies were made. Estimates were made regarding potential leachate .
generation and possible leachate migrating off-site to the East Stream or shallow groundwater.

Groundwater quality data will be discussed under a separate Groundwater Summary Report, to be
issued at a later date. Site hydrogeologic conditions and more detailed discussions of the deep
monitoring wells will also be presented in the Groundwater Summary Report.

6.1 PIEZOMETERS INSTALLATIONS

Five piezometers (designated PKC-MW13 and PKC-MW15 to PKC-MW18) were installed at the
site to aid in assessing the shallow groundwater conditions in the southeast area of the landfill and
the leachate levels within the southeast side of the landfill. Three piezometers (PKC-MW13,
PKC-MW15, and PKC-MW17) were installed within the landfill refuse to assess leachate
conditions in conjunction with the three interior gas wells (Section 5.0). Two other shallow
piezometers, PKC-MW16 and PKC-MW 18, were installed along the southeast and south margins
of the landfill, respectively, to assess shallow groundwater conditions within the native soils.

Well PKC-MW 14 was not drilled or installed because it was to be located on King County
Surface Water Management property between the two detention ponds. It was delayed for
permitting reasons, and while waiting, it was determined that sufficient information was gathered
from the other five piezometers to assess the shallow groundwater conditions. The locations of
the shallow piezometers are shown on Figure 5-1. Summary boring logs, piezometer completions
and details of the drilling methods are presented in Appendix C.

6.2 SUBSURFACE CONDITIONS

The three borings drilled within the refuse (PKC-MW 13, PKC-MW15, and PKC-MW17) as well
as PKC-MW18, encountered three general materials: cover soil, refuse, and native soils. Well
PKC-MW16 was drilled entirely within native soils. Table 5-1 summarizes the depths of the
borings, thickness of materials encountered, screened intervals, and water conditions present at
the time of drilling. . ,
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Shallow Groundwater Evaluation SECTIONSIX

Cross-section A-A' (Figure 5-2) characterizes the general geologic conditions below the site in an
east-west direction. Subsurface information obtained while installing deep monitoring wells and
deep gas probes at the site during the recent study by Woodward-Clyde, as well as previous
borings (AGI 1994a and 1994b), also were used to generate this cross-section. The summary
boring logs for the deep monitoring wells and deep gas probes installed by Woodward-Clyde are
included in Appendix C and their locations are shown on Figure 5-1.

Cover soils and refuse materials encountered in these borings are similar to those encountered in
the test pits (Section 4.0) and interior gas wells (Section 5.0), and therefore will not be described
in this section. The native soils encountered in PKC-MW16 generally consisted of very dense,
poorly graded sand with varying amounts of gravel, minor silt, and gravel layers. The native soils
encountered below the refuse in the other four shallow piezometer borings generally consisted of
till-like material composed of very dense, silty sand, silty sand with gravel, or poorly graded sand
with silt and gravel. The upper portions of PKC-MW16 had somewhat of a till-like appearance,
but most of the soils appeared to be of glacial outwash origin. A few grain-size analyses and
moisture content tests were performed to characterize the soil types, and the results are presented
in Appendix D.

As shown in Table 5-1, water was initially encountered in PKC-MW 18, but has since gone dry
(See Appendix E). Water measured in PKC-MW 18 likely accumulated during drilling operations
and may not be shallow groundwater. No groundwater was encountered in PKC-MW16;
however, a piezometer was installed across zones which exhibited wet soil conditions in an
attempt to measure shallow groundwater or perched water at that location. Leachate was only
encountered in PKC-MW13. A wet zone was encountered near the bottom of the refuse in PKC-
MW]15: however, no standing leachate has been measured in the piezometer. No wet or saturated
refuse was encountered in PKC-MW 17 and the piezometer has been dry since installation.
Approximately 17 feet of saturated refuse was encountered in PKC-MW13. The leachate and
refuse geometry in PKC-MW 13 was similar to PKC-IGW3, which was installed about 150 feet to
the west.

6.3 SHALLOW HYDROGEOLOGIC CONDITIONS

The shallow groundwater conditions on the east side of the site were evaluated. This evaluation
included assessing the results from the interior gas well and shallow piezometer installations,
seepage survey, geometry of refuse, and proximity to the East Stream, culvert, detention ponds,
and wetland area. Elevations of water levels or leachate at the time of drilling and through
November 19, 1996 are summarized in Table 6-1.

6.3.1 East Stream Area

Geometry

Potential impacts to the East Stream from the landfill were addressed by evaluating water
elevations of the East Stream, refuse zone and leachate levels, and observed seeps. Cross-section
.B-B' (Figure 5-3) illustrates the shallow groundwater, surface water, and leachate conditions that
exist on the east side of the landfill. As shown, refuse was encountered in borings PKC-IGW3
and PKC-MW13 between 310 to 343 feet above msl, and leachate was encountered between 310
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and 331 feet above msl. Seepage was observed on the east side of the landfill between 322 and
325 feet above msl. The bottom of the East Stream near the inlet to the culvert was surveyed at
315.1 feet above msl (AGI 1994b).

The geometry of the landfill in relation to the East Stream indicates that the bottom of the landfill
(310 feet above msl) is at least 5 feet below the bottom of the stream (315 feet above msl).
Refuse along the east side of the landfill appears to be saturated with a pool of leachate up to 17
feet deep (PKC-IGW3) and about 16 feet above the stream bottom. As shown on Figure 5-2, the
leachate level measured on August 19, 1996, had dropped about 9 to 10 feet from the level on
March 1 and was approaching the water level in the East Stream. '

Shallow Groundwater

Three borings were drilled near the east side of the landfill. During drilling, wet native soils were
encountered in all three borings: PKC-MW1 (304-309 feet), PKC-MWS5 (302-314 feet), and
PKC-MW16 (about 301-302 feet). Wells PKC-MW1 and PKC-MW 16 were drilled entirely
within native soils, while PKC-MWS5 was drilled through refuse materials. The well installed in
PKC-MWS5 was screened partially within refuse. Borings for wells PKC-MW3, PKC-MW4, and
PKC-GP-22, which were drilled on the south side of the landfill, encountered wet soil zones
during drilling (AGI 1994b). Soil in Boring PKC-MW?3 was very wet between elevations 265 and
305 feet, while PKC-MW4 encountered wet soil between elevation 307 and the bottom of the
hole at elevation 305 feet, and GP-22 encountered saturated soil between elevations 291 and 305
feet. These borings, in conjunction with the borings drilled on the east side of the landfill and
Boring PKC-MW18 (299-305 feet) drilled on the south side, suggest that there is a seasonal
perched shallow groundwater zone between approximately elevations 299 and 309 feet.

Wells PKC-MW1 and PKC-MWS5 were drilled at the toe of the landfill slope between the stream
and the landfill (AGI 1994b), while PKC-MW 16 was drilled to the south of the culvert inlet. No
shallow groundwater well was installed in PKC-MW1. Well PKC-MW16 has not had a
measurable water level since construction. Well PKC-MWS5 was screened below and within the
bottom portion of the refuse and therefore water level measurements may be directly impacted by
leachate within the refuse. Borings PKC-MW3, PKC-MW4, and PKC-GP22 were drilled on the
south side of the landfill in the vicinity of the CMP culvert outlet.

It appears that the “Upper Perched Zone” of shallow groundwater, as described by AGI (1994b),
does exist along the eastern and southeastern margins of the landfill immediately adjacent to the
East Stream, as shown on Figure 6-1. However, based on the drilling logs and observed water
levels, this shallow perched groundwater zone appears to fluctuate seasonally and may be very
discontinuous. Discontinuity occurs due to more permeable geologic materials interspersed
among less permeable materials. Recharge to the zone probably occurs by infiltration of water
from several sources: direct precipitation, wetland area, East Stream, and perched leachate within
the main landfill area. Leakage into the shallow groundwater zone likely occurs from the base of
the stream, from the wetland and stormwater detention ponds, and from saturated refuse. This
perched zone appears to diminish during dry months, especially after the base flow of the East
Stream is gone. As shown in the water level data in Appendix E, well PKC-MW4, which is
screened in this perched zone, is periodically dry when measured. All other wells screened in the
shallow perched groundwater zone have not recorded measurable groundwater levels, although
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wet or saturated soil zones were encountered during drilling (PKC-MWS3, PKC-MW16, PKC-
MW18). Well PKC-MWS5, which was screened across refuse, has continually had high water
level readings above the well screen and in the refuse zone. These readings suggest that the well
is directly impacted by leachate within the refuse. The water level in PKC-MWS5 has been
systematically dropping with the drier weather conditions from April to November 1996. This
systematic water level drop coincides with decreasing perched leachate levels within the refuse. It
is apparent that PKC-MWS5 water level measurements reflect perched leachate levels rather than
perched shallow groundwater zones associated with the East Stream. Water movement within
this Upper Perched Zone is likely to be primarily vertical, with lateral spreading occurring during
the winter months as the rate of recharge exceeds the vertical discharge capacity.

The Upper Perched Zone appears to be in direct hydraulic connection with leachate observed
within the landfill. Water levels suggest that lateral flow from the refuse provides a portion of the
recharge to this zone. Consequently, the water quality within this zone has been affected, as will
be discussed in the subsequent Groundwater Summary Report. '

6.3.2 Southeast Depression

The Southeast Depression is underlain by at least 32 feet and possibly up to 40 feet of refuse and
thin cover soil. Based on borings drilled by AGI (1994a and 1994b) estimated refuse thickness
contours can be drawn for the Southeast Depression as shown in Figure 6-2. Refuse margins for
this area were based on the settlement patterns and on the extent of refuse test pits performed on
the north side. Approximately 25,000 to 30,000 cubic yards of refuse exists in the Southeast
Depression, based on the estimated refuse geometry. A profile of this area is shown in Cross-
section C-C' (Figure 5-4). As shown, the bottom of the refuse under the main landfill to the north
is at approximately 313 feet msl. The south edge of the main landfill appears to terminate near the
culvert and the north side of the perimeter access road. Within the Southeast Depression, the
refuse appears to be directly underlain by the lower sand unit. Gas probe PKC-GP16 (AGI
1994b) and gas extraction wells EW10D and EW12D (AGI 1994a), installed by AGI, all
penetrated into the lower sand unit immediately below refuse. Although this condition was
encountered, the occurrence or potential impacts were not discussed. Leachate was observed
within the refuse while drilling PKC-GP16 and PKC-GP17 (AGI 1994b). Twenty-two feet of wet
to saturated refuse was observed while drilling PKC-GP16 (elevations 290 to 312), and about 6
feet was encountered at the bottom of PKC-GP17 (elevations 299 to 305). Measured water
levels in PKC-GP16a and PKC-GP17a (AGI 1994b) indicated leachate levels in the refuse at
about elevation 300 feet. Thus, leachate level within the refuse is generally is at similar elevations
as the surrounding shallow perched groundwater level in the native soils (elevations 299 to 309).
These elevations suggest that there is a hydraulic connection between the perched shallow
groundwater zone and the leachate in the refuse.

The refuse within the Southeast Depression is almost entirely below the elevation of the stream
bed. There should not be a concern of leachate seeping from the Southeast Depression into the
streamn, except possibly into the west end of the stream. At the west end of the culvert the stream
bed is at about 308 feet above msl, which is about 4 to 5 feet below the top of the refuse within
the depression, but about 3 feet above the highest observed leachate level within the refuse.
Based on the elevation differences, water could enter the Southeast Depression refuse from the
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culvert or the stream; however the primary source of recharge for the Southeast Depression is
likely direct precipitation or flooding due to overtoppmg of the East Stream:

Rather than leachate from the Southeast Depressmn impacting the stream, the concern is that

j water from the stream, especially on the east and south sides, may flow into the Southeast

o Depression. The Southeast Depression may act as a “sink” to perched shallow groundwater as

| well as the surface water from precipitation and flooding. Depending on the subsurface geometry,
the Southeast Depression may draw down the shallow groundwater table in its vicinity.

Conversations with King County Solid Waste Division indicate that several gas extraction wells
- and gas probes in the Southeast Depression perform erratically sometimes in the winter months
B (A. Leake and M. Mendenhall 1996). In fact, PKC-GP16 sometimes does not function due to

" inundation by water. These observations suggest that the Southeast Depression is periodically
impacted by high leachate levels, which fluctuate significantly during wet periods. Flooding
‘ \‘ would certainly be one cause of high leachate levels, and potential increased shallow groundwater

flow may also impact the wells and probes.

The primary concern with respect to the leachate within the Southeast Depression is the direct

C - contact between the refuse and the Lower Sand Aquifer. As discussed previously, this depression
not only is impacted by surface water infiltration and surface run-on from the slope to the south,
but it is also impacted by flooding, which adds significant quantities of water to the refuse. In-

. addition, if the culvert is leaking at the manhole, water may migrate into the Southeast Depression
refuse, thereby generating additional leachate. Any leachate which is generated in this refuse
could migrate into the Lower Sand Unit.
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Table 6-1

SUMMARY OF GROUNDWATER, SURFACE WATER,
AND LEACHATE ELEVATIONS

(ft msl)
PKC-IGW1 360.6 347.6-346.3 342.6-3571 342.6-347.6
PKC-IGW2 348.6 None | 332.6-346.6 None
PKC-IGW3 348.8 330.8-322.5 313.8-342.6 313.8-330.8
PKC-MW1° 322 wet to sat; 304-309 None None
PKC-MWS 325 wet to sat: 302-314 314-319 302-323.7
PKC-MW13 344.0 327-320.5 310-337.5 310-327
PKC-MW15 340.6 None 318.6-335.6 wel: 318.6-322.6
PKC-MW16" 321.8 None (wet: 301.3) None None
PKC-MW17 334.3 None 312.8-330.3 None
PKC-MW18 323.7 None 316.7-319.9 316.7-319.9
Creek Bed 315.1 - - -
(E. of CMP)
Creek Bed 308.1 - - -
(W. of CMP)
Seeps (E. side) - - - 322-325
Seeps (8. side) - - - 322
Southeast 315-318 - 283-314 283-285
Depressijon
Notes:

a.
b.

Ranges of water |evels, leachate, or wet zones encountered between time of drilling and 8/19/96.
Shallow groundwater zones as shown on AGI (1994) boring logs.
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SECTIONSEVEN | Hydrologic Water Balance

7.1 GENERAL

A water balance analysis was performed for the landfill using general water balance equations.
The landfill was divided and analyzed in two general areas: the main landfill area and the
Southeast Depression. Estimates of the following parameters were components of the water
balance analysis:

e Infiltration - calculated from the HELP model analyses

¢ Flow rates for the underlying foundation soils

e Leakage quantities for the culvert

e Volume of water due to flooding of the Southeast Depression

e Surface water runoff from the south slope into the Southeast Depression

7.2 MAIN LANDFILL AREA

Water inflow into the main area of the landfill occurs primarily due to infiltration of precipitation
which falls directly onto the cover of the landfill. Surface water runoff onto the landfill is not a
factor since the landfill is sloped down to the adjacent ground in all directions and surface water is
generally directed away from the landfill. Because the invert of the culvert is below the bottom of
the main landfill, leakage from water flowing through the culvert and manhole would not affect
the main landfill area.

Interaction between the landfill and the East Stream appear to be seasonal. The stream bed is
higher than the bottom of the refuse in the landfill, which implies possible leakage from the stream
into the refuse in this area. However, winter and summer-time leachate levels in the refuse (PKC-
IGW1, PKC-IGW3, PKC-MWS5, and PKC-MW13), indicate that there is a eastward gradient of
the leachate and that the leachate elevations are above the water level in the stream (Figure 5-3).
Hydraulic connection between the landfill leachate and East Stream through perched water levels
is expected during winter wet conditions. As the perched zones dry cut in the summer, this
connection does not exist and primary leakage from the landfill would be vertical. Since the
leachate levels are higher than the stream water level, and the leachate appears to have an eastern
gradient, the impact of the stream on the main landfill was ignored in the water balance analyses.

The main landfill area occupies 19 of the 20 acres of land underlain by refuse. The HELP model
results (Section 4.2) indicate about 12 million gallons of rainfall infiltrates into the landfill each
year. Flows through the underlying glacial till were calculated for both summer and winter
leachate levels, due to the seasonal fluctuations. Flow through the glacial till depends on the
thickness of the till, permeability, and head of leachate. Estimates based on the field exploration
programs suggest that the glacial till averages about 20 feet thick under the main portion of the
landfill. Leachate measurements in PKC-IGW3 and PKC-MW 13 indicate winter leachate
thicknesses of about 17 feet and summer thicknesses of about 9 feet.

Coupled with an estimated average hydraulic conductivity for the till of 5x107 cm/s (typically
1x10* to 1x10™° cy/s, [Freeze and Cherry 1979]), these parameters indicate that 5 to 7 million
gallons of water can flow vertically through the glacial till below the landfill each year. Therefore,
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Hydrologic Water Balance SECTIONSEVEN

it is estimated that approximately one-half of the infiltration into the landfill predicted by the
HELP model can migrate vertically. The other estimated 5 to 7 million gallons must move
laterally and either discharge to the East Stream or discharge vertically through zones where the
till is absent or exhibits a much higher permeability. Although the leachate measurements and
thickness data used in this calculation are generally accurate, the hydraulic conductivity that was
used is only an estimate based on general experience with glacial till in the area. The hydraulic
conductivity could be much higher (i.e., 1x10* cm/s) if silt percentages are much lower than seen
in the borings or if outwash deposits overlie the glacial till in areas below the refuse. The extent
of the upper outwash deposits are not fully known and may impact vertical migration rates of
leachate where present.”

7.3 SOUTHEAST DEPRESSION

The Southeast Depression was analyzed separately for several reasons: (1) the refuse appears to
be isolated from the main landfill area, (2) the top of the refuse is at a lower elevation than the
bottom of the refuse in the main landfill area, (3) glacial till or high fines content glacial deposits
are absent from below a portion of the refuse, (4) the area is impacted by flooding of the East
Stream (5) surface water impacts from the slope to the south of the depression, and (6) possible
impacts from leakage from the culvert or shallow groundwater flow from the East Stream.

Infiltration into the refuse in this area, based on the results of the HELP model, may generate
approximately 500,000 gallons of leachate annually. In addition, surface water runon from the
steep slope south of the depression would account for about 140,000 gallons of water per year. If
59 percent actually of surface runon infiltrates into the refuse, then more than 80,000 gallons of
leachate could be generated from the steep slope.

Flooding in the Southeast Depression was documented at least twice this past winter season. If
flooding is assumed to occur twice every year, and all water ponded within the depression
infiltrates directly into the underlying refuse, then 1,265,000 gallons of leachate may be generated.
This does not include water infiltrating into the refuse before or during overtopping of the access
road to PKC-MW4, while the flooding is occurring. (Thus, this is a conservative estimate.)

Leakage through culvert joints and the manhole is likely to impact the refuse in the Southeast
Depression due to the elevation of the refuse with respect to the invert elevation of the culvert.
Flow rates through the culvert were calculated from the Watershed Data Management file
compiled for the Hylebos Creek Basin study supplied by King County Surface Water
Management. The King County program modeled the East Stream down through the Evergreen
Vale Apartments and southward for upgrading of the culverts along that stretch of the stream.
Due to the proximity of the 36-inch culvert on the landfill property, the program should provide a
good approximation of the flow rates. The program modeled daily rainfall totals from 1949 to
1995 and the results indicate that an average annual volume of 2.55 cubic feet per second of water
flows through the culvert. This amounts to 601,517,664 gallons/yr. Most of this flow occurs
between October and March. Therefore, if it is assumed that 80 percent of the flow occurs in the
winter months and 20 percent in the summer, and 0.5 percent leakage occurs in the winter and 1
percent in the summer, then about 2,400,000 and 1,200,000 gallons leak through the culvert each
year in the winter and summer, respectively.
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Summing up all the estimated impacts to the Southeast Depression indicates about 5,550,000
gallons of leachate per year may be generated by water infiltrating into the refuse in this area. Of
this total, about 90 percent is due to flooding events and possible leakage through the culvert. If
it is assumed that no leakage occurs through the culvert and manhole, flooding would account for
about 68 percent of the total leachate generated in the Southeast Depression. The Southeast
Depression occupies less than one acre of the landfill (less than 5 percent of the area), but may
account for up to 32 percent of the potential leachate generation. These calculations do not
include possible leachate generation due to inflow of shallow groundwater from the Upper
Perched Zone.

Extraction wells EW10D and EW12D and gas probe PKC-GP16, drilled by AGI (1994a),
penetrated unsaturated sand of the Sand Aquifer directly below the refuse in the Southeast
Depression. The lower permeability glactal till unit underlying the main area of the landfill
appears to have been removed during excavation activities in the Southeast Depression and refuse
was placed directly in contact with the sand unit. Water which infiltrates into the refuse in the
Southeast Depression can migrate vertically downward, generating leachate, and pass directly into
the sand unit. The water quality impacts from leachate generation in this area will be summarized
in the groundwater report for the site. A report is scheduled for completion by May 1997.
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SECTIONEIGHT - Survey Data

Surveys were performed to determine the vertical and horizontal controls of all the test pits,
monitoring wells, interior gas wells, piezometers, and gas probes which were installed during this
phase of work. Stakes which identified the extent of refuse in test pits TP-24 to TP-39 were
included in the surveys. The surveys-were performed by Symonds Consulting Engineers and were
tied into the existing surveys performed at the site. Horizontal and vertical positioning were
determined for all exploration locations. The vertical position for the test pits was the disturbed
surface of the backfilled excavation. Vertical control for the borings and completions included (1)
the top of the casings, (2) the top of the monument rim, and (3) the adjacent ground surface. The
deep groundwater monitoring welis have dedicated groundwater pumps installed tn them with a.
thin metal plate secured to the top of the casings. For these five wells, the top of the metal plates
were surveyed rather than the top of the casings. The results of the surveys are presented in

Appendix F.
Settlement of the landfill may affect survey data for all wells or piezometers located within the

refuse limits. Not only will the ground surface and protective monuments settle, but there is a
possibility that the casings will also settlé, although to a lesser degree.
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SECTIONNINE Key Findings and Recommendations

Our investigations at the site identified several areas of concern which should be addressed. In
addition, we have provided recommendations to improve the performance of the cover and
mitigate possible impacts to nearby water bodies.

9.1 KEY FINDINGS

There are three primary concerns with respect to the performance of the cover system and

‘potential generation of leachate at the site: (1) flooding of Southeast Depression, (2) “windows”

or openings in the Glacial Till and refuse in direct contact with the Lower Sand under the
Southeast Depression, and (3) leachate generation and seeps. '

9.1.1 Southeast Depression - Flooding of the Area

Flooding of the Southeast Depression occurred at least twice in early 1996 and likely caused a
significant increase of water infiltration into the refuse, generating leachate. Conservative
estimates indicate that at least 5 percent of the estimated annual leachate volume is generated with
each flood event (excluding leakage from the culvert). Thus, taking into consideration the two
flooding events in addition to the other leachate generated by this area, the Southeast Depression
generated over 32 percent of the annual landfill leachate, although it occupies less than S percent
of the landfill area. This does not include infiltration of water during flooding or potential shallow
groundwater impacts. Ifall factors are considered, the Southeast Depression may account for up
to 40 percent of all leachate generation at the site during 1996.

Flooding has also damaged existing improvements to the site. The control box for the landfill gas
system and the condensate pump have both been inoperative due to flooding. Future damage to
other components of the landfill gas system also may occur if flooding continues. Flooding also
causes increased erosion to the landfill surface. No refuse has been exposed to date, but a
significant flood event could scour the thin landfill cover and expose refuse. Only about 0.5 feet
of cover soil exists over refuse in the northeast area of the Southeast Depression.

Flooding of the Southeast Depression also likely affects the performance of the landfill gas
collection system, making it less efficient and possibly- generating much more condensate due to
increased water in the refuse.

9.1.2 Southeast Depression - Refuse in Immediate Contact with Lower
Sand Unit

One of the most important observations made at the site was that Glacial Till is not consistently
present below refuse below the Southeast Depression, and refuse is in immediate contact with the
Lower Sand Unit. This is important for two reasons: leachate within the refuse can migrate
directly into the Lower Sand Unit, and no natural barrier exists under the refuse in this portion of
the landfill. This area is most likely a significant contributor to leachate and contaminant

migration below the landfill.
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Key Findings and Recommendations SEGTIONNINE

9.1.3 Leachate Generation and Seeps

As discussed previously, the HELP model results showed that about 60 percent of precipitation at
the site will infiltrate through the cover and into the refuse. Rainfall alone will produce about 12
million galions of leachate annually. This figure does not include a minimum of 1.3 million gallons
of leachate which may be generated in the Southeast Depression for two flood events per year,
3.6 million gallons due to a leaky culvert, 140,000 gallons due to runoff from the south off-site
slope, or impacts by shallow groundwater. Not only will the leachate potentially impact the lower
sand aquifer across the site, but it likely has a direct impact immediately below the Southeast
Depression area.

Significant seepage observed around the landfill perimeter, especially the east slope, suggests that
large quantities of leachate within the refuse are migrating toward the landfill margins. The seeps
appear to be most significant during the winter and spring seasons, when leachate within the
landfill is at its maximum elevation. Leachate gradients on the east side of the landfill indicate that
leachate could migrate under the east perimeter road and enter the East Stream. Potential
leachate entering the East Stream may be greatest during the winter and spring, but high flows in
the stream likely dilute the leachate constituents to undetectable levels. Insufficient information
was available to determine how much seepage from the main landfill may be migrating into the
Southeast Depression refuse. ‘

9.2 RECOMMENDATIONS

Qur investigations have identified areas for potential improvement which should be addressed and
some conditions which should be better defined. The following additional work should be
performed at the site.

9.2.1 Recommendations for Additional Investigation

Southwest Area Investigation

Settlement of the landfill surface in the southwest portion of the landfill (Southwest Depression)
exhibits characteristics similar to those seen in the Southeast Depression. The Southwest
Depression has settled up to 10 feet relative to the surrounding landfill cover. Refuse underlying
this area could be composed of very different materials prone to faster degradation rates and
greater settlement, or the refuse could be much deeper at this location. In light of the Southeast
Depression having very deep refuse in direct contact with the Lower Sand Unit, it is
recommended that the Southwest Depression be evaluated further for possible similar conditions.
Although it is anticipated that underlying glacial soils (till) are thicker to the west, potential past
excavation operations may have removed some or all of the till. The settlement pattern and
tension cracks suggest that this area has settled significantly and that the refuse bottom elevations
are likely deeper than that encountered in PKC-IGW2. If refuse conditions in the Southwest
Depression are similar to the Southeast Depression, refuse could be up to 30 to 40 feet thick. A
single exploratory boring to a maximum estimated depth of about 40 feet is recommended to
established the refuse depth in this area.
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Southeast Depression Investigation

To understand the refuse characteristics for possible mitigation purposes and more refined cost
estimates, a single large test pit excavated in the refuse in the Southeast Depression is
recommended. The test excavation should be at least 20 feet deep. This test excavation would
allow for better observations on the potential excavation problems, leachate/water conditions in
the refuse, and possible odor issues. All of these issues could significantly affect construction
costs if not known during design.

Leachate Testing

Leachate generated in the Southeast Depression should be tested to determine the strength of the
leachate and its potential impact to the Lower Sand Unit. The age of the refuse and the continued
leaching of the refuse over time due to flooding and infiltration may have diminished the strength
of the leachate. Analytical testing would determine the leachate current strength and potential
impacts could be better ascertained. Leachate samples from the Southeast Depression can be
obtained from gas probes PKC-GP16a and PKC-GP17a, and extraction wells EW-10S, EW-118,
and EW-128. It is recommended that one round of leachate sampling and analytical testing be
performed in these probes and wells during one of King County’s regular groundwater sampling
rounds. The results can be evaluated and incorporated into the Groundwater Summary Report or
in a separate technical memorandum. After reviewing the leachate analytical results in
conjunction with results from the groundwater study, determination of possible off-site
groundwater wells south or southwest of the Southeast Depression can be evaluated.

It would also be beneficial to take leachate samples from the main landfill body at this time.
Results from the main landfill would be useful in evaluating the potent1a1 reduction in or

 differences between the two refuse bodies. Samples within the main landfill body can be obtained

from interior gas well PKC-IGW3 and monitoring well PKC-MW13. Samples have been taken
from PKC-MWS5 that indicate leachate parameters in the samples; however, this well is screened
across refuse and the upper portion of the native soils below the refuse.

CMP Culven“/ManhoIe Investigation and Replacement

Based on the results of the culvert evaluation (Section 3), limit of refuse investigation (Section
4.1.2), and general site observations, it is apparent that the CMP culvert and manhole are subject
to corrosion and leakage. Observations at the manhole indicated stream water in direct contact
with native soil at all times when the stream is flowing and this condition is a definite source of
leakage although the amount is unknown. The culvert itself appears to be in good conditions at
the inlet and outlet ends, however, past collapses such as the one reported by the Seattle-King
County Department of Public Health (1986) and depressions over the culvert alignment as
observed during our investigation suggest that the integrity of the pipe is questionable in areas in
closer proximity to the landfill. The depressions in the landfill surface over the culvert may be due
to settlement of loose backfill soils and/or dué to corrosion and subsequent erosion of soil into the
pipe resulting in settlement at the landfill surface. The collapse reported by the Seattle-King
County Department of Public Health was most likely associated with corrosion of the pipe and/or
manhole or due to poor construction.
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Based on these observations, it is recommended that test excavations be performed to expose the
pipe in a few areas suspect to corrosion. The pipe should be exposed so that personnel can
readily inspect the integrity of the pipe on top and the sides, and to see if leakage is occurring
along the bottom. Test excavations would be significantly larger and deeper than the refuse limit
test pits, which identified refuse depths down to about 4 feet bgs. The top of the pipe is likely 7
to 8 feet deep, making the bottom about 10 to 11 feet bgs.

Stream water in direct contact with the soil in the bottom of the manhole at all times when the
stream is flowing may contribute significant leakage to the soil below. This condition should be
terminated. In addition, the poor construction of the manhole sidewalls likely allow water to leak
into surrounding soil. Therefore it is recommended that the entire manhole be replaced with a
water-tight manhole design, if the culvert is to be used in the future. Ifan open channel design for
the East Stream is desired to control flooding of the landfill and to stop likely leakage through the
culvert, then the culvert can be abandoned in place or be removed entirely.

Gas Probe Abandonment

After the completion of leachate testing described above, we recommend that PKC-GP17a be
abandoned. This gas probe has been screened across refuse materials and into the underlying
unsaturated sand of the lower sand unit. This construction practice enables leachate within the
refuse to be conveyed down through the monitoring casing and possibly migrate through more
permeable zones in the native soils and contact shallow groundwater zones. Although sand
around the probe is also likely quite permeable, the addition of the probe allows direct conveyance
of potential leachate into this sand unit. This gas probe should be abandoned and does not need
to be replaced, unless gas measurement within the refuse is important at this location.

9.2.2 Recommendations for Site Improvemént

‘Southeast Depression - Flood and Leachate Control

The Southeast Depression has been identified as an area of concern. Flooding, leachate
generation, and impact to the lower sand aquifer must be evaluated further. We suggest the
following work be performed in the Southeast Depression area:

« Mitigate flooding problem. Flooding of this area should be stopped in order to (1) minimize
generation of leachate, (2) avoid future damage to the landfill gas extraction system, and (3)
avoid possible erosion of the landfill cover. This should be accomplished by one of the
following:

- Rei)lacing the culvert and manhole with sizes that will convey all peak flows

- Providing an overflow pipe or lined channel to convey overflow volumes during peak
flows

- Removing the culvert and manhole (or abandon the culvert and manhole in place) and
replacing them with an open lined channel capable of conveying all peak flows

Alternatives should be evaluated fully to determine the appropriate pipe size or channel size to
prevent future flooding. This would require a hydraulic analysis of the stream above the
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culvert. The King County Surface Water Management model for the Hylebos Creek Basin
could be used for this study and for design of a new channel or pipe. Alternatives should be
designed to prevent infiltration of water into the refuse and possible surface erosion.
Therefore, open channel designs may require a liner, and pipe designs should be water tight.
Alternatives should also be capable of being incorporated with any future improvements to the
landfill, such as a cap, or excavation of refuse in the Southeast Depression, so that
unnecessary additional costs will be avoided. Additional factors, such as potential future
flooding (i.e., if a larger culvert became blocked during a flood) should be considered.

Perimeter surface water control ditches. The Southeast Depression should be bounded
with perimeter surface water drainage ditches to prevent surface water from flowing into the
depressed area, especially from the south slope. The ditch should be constructed along the
south and east slopes, and along the south perimeter road. Water collected in the ditches
should be conveyed away from and downgradient of the landfill.

Leachate control. Future leachate generation from the refuse in the Southeast Depression
should be prevented due to its proximity to the Lower Sand Aquifer. Flood prevention and

_ eliminating potential leaks from the culvert/manhole would be a major step and surface water

control will also help, but infiltration and subsequent leachate generation should be prevented
also. This can be accomplished by capping the Southeast Depression area, or excavating and
relocating the refuse materials.

Capping would likely involve a geomembrane, such as PVC, and would prevent nearly all
water from infiltrating into the refuse from the surface, but the source would not be mitigated.
Capping would not prevent possible lateral migration of water or leachate from the stream,
culvert, shallow groundwater, or main landfill from impacting the- Stiitheast Depression
refuse. Capping would also require positive drainage measures be employed to direct surface

water off-site.

Excavating and relocating the refuse would mitigate this particular source of potential leachate
generation. However, possible leachate levels within the refuse may require special
construction procedures (pumping and containment of leachate) beyond normal excavation
and relocation. Also, there is some uncertainty as to what degree this would improve the
overall groundwater conditions for the entire site. A suitable site for relocation of about
10,000 cubic yards of the excavated refuse may be the depressed area on the southwest corner
of the landfill between test pits TP-21 and TP-22. The southwest corner of the landfill can be
easily regraded and filled with refuse. . Additional refuse can be placed on the west side of the
landfill platform to regrade low spots; however, the surface may have to be raised several feet
to bury the remaining refuse. In addition to removing all the refuse from this area, the filled
depression would provide a suitable place for an open channel design for the East Stream if
the culvert is to be replaced by an open channel.

After removal of refuse from the Southeast Depression, the bottom should be sealed with a
Jlow-permeability soil to prevent potential future leachate from the main landfill area from
entering the Lower Sand Aquifer. General fill could then be placed up to the stream level.

Fill necessary to backfill the refuse excavation could be obtained from King County’s property
on the north side of the landfill or other areas on-site, or imported from off-site.
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Landfill Cover Evaluation

We recommend that all the data gathered at the site and potential implications be evaluated to
determine whether the landfill cover should be modified. Considerations for a cap should be
deferred until future remedial work, such as the expansion of the landfill gas extraction system
along the east and west sides of the landfill (scheduled for the spring of 1997), is completed.
These measures may be effective in minimizing site contamination migration from the main
landfill. The high infiltration and leachate generation quantities warrant additional ongoing
monitoring to determine the need and effectiveness of a cap for the site in the future. Although
we recommend that the Southeast Depression be capped or removed entirely at this time, we
recommend that the,main landfill be evatuated after current work is completed and the
effectiveness can be more fully evaluated. Future studies may include determining the need for a
cap, as well as costs for construction, long-term operational costs, and possibly end uses of the
site such as open space or a park due to the proximity to residential neighborhoods.

9.2.3 Recommendations for Site Monitoring

Continued monitoring and additional monitoring should be performed to better understand the
characteristics of the landfill and to provide information for the most suitable mitigation measures,
if required in the future. The following monitoring activities are recommended:

e Leachate and shallow groundwater. Long-term monitoring of shallow groundwater around
the landfill and leachate levels within the landfill should continue. Monitoring leachate levels
within the refuse could be important in further evaluating leachate generation rates and trends
with respect to the time of year and precipitation events. Monitoring should be performed at
least on a bimonthly basis.

o Southeast Depression - leachate levels. Potential leachate within the Southeast Depression
refuse should be monitored. Monthly monitoring of leachate levels in this area through the
coming winter could establish trends which would be important to evaluate the effectiveness
of possible future mitigation measures. Monitoring can be accomplished at gas probes PKC-
GP16a and PKC-GP17a, and possibly in extraction wells EW10S, EW11S, and EW12S.

e PKC-MW3A. Shallow groundwater levels have been recorded in the past in PKC-MW3a.
Monitoring of shallow ground should be continued and included in the monitoring events at

the site.
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AI'I'EIIII“(A : Landfill Cover Investigation

The landfill cover explorations consisted of excavating and sampling 23 shallow test pits (TP-1 to
TP-23) at selected locations across the landfill cover. The test pits were excavated on March 11
and March 12, 1996. The approximate locations of the test pits are shown on Figure 4-1.

The test pits were excavated under the full-time observation of a geotechnical engineer or
geologist from Woodward-Clyde Consultants. The excavation equipment consisted of a Case 580
backhoe with a 24-inch bucket, operated by personnel from Tacoma Pump & Drilling, Inc. of
Graham, Washington. When refuse was encountered, the excavations were terminated about 1
foot into the refuse. The depth of the cover soils varied from 1 to 8.5 feet, depending on the
location. Disturbed soil samples were obtained from the cover soils in each test pit excavation,
sealed in plastic bags, and returned to our office for further examination. Selected samples were
sent to a laboratory for determination of the grain size distributions.

Field personnel recorded pertinent information for each test pit, cover material type, depth to
refuse, depth to seeps (if any), and composition of refuse, including estimation of moisture and
decomposition. The following moisture and decomposition categories were used when describing

the refuse materials.

Moisture Content Scale

Dry Refuse: Rock, dirt, etc., no trace of moisture, paper will be fuzzed up

Normal: Newspaper, etc. still not noticeably wet, but normal moisture

Damp: Paper shows dampness. Lawn clippings, tree branches stiff and hold together
Wet: Paper saturated but no free water, just getting sloppy

Saturated: Mud or free water present

Decomposition Scale

Little: Newspaper readable, refuse looks new

Some: Newspaper readable, refuse intact but weathered
Moderate: Newspaper not legible, branches intact

Much: Newspaper not legible, branches had to crumble

Severe: Newspaper not legible, branches crumble easily .

The cover soils were classified in general accordance with ASTM D 2487 and/or D 2488. The
refuse depths described on the following test pit summaries represent the approximate boundaries
between the cover material and refuse. The soil cover thickness and seepage conditions depicted
are only for the specific dates and locations reported, and therefore do not necessarily represent

other locations and times.
Sixteen additional test pits (TP-24 to TP-39) were excavated to determine the limits of refuse

along the east, west, and north sides of the landfill, and along the perimeter road between the
main landfill and the Southeast Depression. The results from these test pits are discussed in

 Section 4.1.2.
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- TP-1 (Elevation 355.9 feet)

Depth (feet) Description % LEL
0-1.5 Brown, moust poorly graded SAND with gravel. $+30% gravel. -
1.5-2 Refuse: Green carpet (yams puii apart easy, backing falling off), 0

plastic bags, newspaper (dated Oct. 2, 1966). Paper is damp with
some decomposition. Paper has black edges but interior is legible.
Cardboard is legible (has plastic coating).
2-3 Gray, moist, poorly graded sand with gravel. -
No seepage encountered.
Sample obtained from cover soil.
TP-2 (Elevation 349.3 feet)

Depth (feet) Description % LEL
0-2.5 Gray, moist, poorly graded SAND with silt and gravel. +30% gravel. -
2.5+ Refuse: All refuse is very rust colored. Paper is damp and moderately 0

decomposed. Paper is stained throughout, but some of interior is
legible. Plastic toys, bags, handbags. Broken glass. Rusted cans, but
still legibte.

No seepage encountered.

Sample obtained from cover soil.

TP-3 (Elevation 343.1 feet)

Depth (feet) Description % LEL

0-5 Gray, moist, poordy graded SAND with gravel and some silt. +20-30% -
gravel.
5+ Refuse: Paper is wet and moderately decomposed. Paper is saturated 0
throughout and illegible, except large clump which was legible inside
(dated Oct. 8, 1965), outside is brown and illegible. Lots of plastic
bags, liquid soap bottles.
No seepage encountered.
Sample obtained from cover soil.
TP-4 (Elevation 356.9 feet)
Depth (feet) Description % LEL
005" Brown, moist, poorly graded SAND with silt and +10% gravel. -
0.5-3.5 Gray, moist, poorly graded Sand with £10% gravel. -
3.5+ Refuse: Paperis damp with some decomposition. Paper is brown and 0
saturated on outside, inside is very legible, moist. Plastic bags, broken
lass, antlers. Wood pieces are soft, splintered (like mulch).
No seepage encountered.
Sample obtained from 0.5 to 3.5 feet.
TP-5 (Elevation 354.1 feet)
Depth (feet) ' Description % LEL
005 Brown, moist, poorly graded SAND with silt and gravel. +40% gravel. -
0.5-2.5 Gray, moist, poorty graded SAND with silt and gravel. +40% gravel. -
2.5+ Refuse: Paper is wet and moderately decomposed. Paper edges 22
brown and illegible, inside is saturated but legible. Plastic coated (OVA 0.71.2
jacket in good condition, wood soft but intact. ppm)

No seepage encountered (some ponding on surface nearby).
Sample obtained from 0.5 {o 2.5 feet.

A‘2 Q:\954026NA\SURWEVAL APPAL8-Dec-90\SEA



APPENDIXA

Landfill Cover Investigation

TP-6 (Elevation 360.4 feet)

Depth (feet) Description % LEL
0-1.5 Brown/gray, moist, poorly graded SAND with silt and gravei to silty -
GRAVEL with sand.
1.5-2.5 Gray, moist, poorly graded SAND with silt and gravel to silty GRAVEL -
with sand. (Moderately difficult to excavate this layer).
2.5+ Refuse: Paper is wet with some decomposition. Paper inside is o
legible. Plastic bags, rusted cans, wire, rusted metai tools.
No seepage encountered.
Sample obtained from 0 {0 1.5 feet.
TP-7 (Elevation 355.7 feet)
Depth (feet) Description % LEL
0-0.5 Brown, moist, poorly graded SAND with silt and gravel to sity GRAVEL -
with sand.
1.5-3 Gray, moist, poorly graded SAND with silt and gravel. (Maoderately -
difficult to excavate this layer).
3+ Refuse: Paper is wet and moderately decomposed. Paper is brown 40+
and illegible outside, inside is legible. Lots of intact wood, glass,
rubber sole of shoe.
Seepage encountered at 0.5 feet (ponded water on surface nearby).
Sample obtained from 0.5 to 1.5 feet.
TP-8 (Elevation 355.4 feet)
Depth (feet) Description % LEL
0-3 Gray and light brown alternating layers, moist, silty SAND with gravel -
to silty GRAVEL with sand. 0-0.5 (It brn), 0.5-1.5 (gray), 1.5-2.5 (It
brn), 2.5-3 (gray).
3+ Refuse: Paper is wet with some decomposition. Paper msnde is 0
legible, but falls apart easily. Plastic toys, bags, pens. Wood wet and
intact. Carpet falls apart along yarns - no backing left.
Seepage encountered 1.5 feet below ground surface (ponded water on surface nearby).
Sampie obtained from 1.5 to 3 feet.
TP-9 (Elevation 350.1 feet)
Depth (feet) Description % LEL
0-8.5 Brown, moist, silty GRAVEL with sand. Gray layer from 1.5 to 2.5 feet. -
Seepage emanating below gray layer.
8.5+ Refuse: Paper is wet with moderate decomposition. Paper inside is 0
iliegible. Wood intact but soft, Metal cans rusted with hoies. Plastic
torn apan.
Heavy seepage at 2.5 feet (rapidly fills test pit).
Sample obtained from cover soil.
TP-10 (Elevation 345.0 feet)
Depth (feet) Description % LEL
0-3 Brown, moist, silty SAND with gravel to silty GRAVEL with sand. -
3-5 Gray, moist, silty SAND with gravel to silty GRAVEL with sand. -
5+ Refuse: Rusted tin cans, rubber tire, cloth bags. Refuse is wet with 0

some decomposition.

Seepage encountered at 3 feet.
Sample obtained from 3 to 5 feet.
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TP-11 (Elevation 343.5 feet)

Depth (feet) Description % LEL
0-2 Brown, moist, silty SAND with gravel. -
2-5 Gray, moist, siity GRAVEL with sand. {very hard to excavate this -
iayer). :
5+ Refuse: Paper is wet and moderately decomposed. Paper is brown 0
and illegible outside, inside is partially legible. Wood partially decayed,
metal is very rusted. Plastic is worn.
Minor seepage encountered at 2 feet (large ponded area on surface adjacent to test pit).
Sample obtained from 2-5 feet.
TP-12 (Elevation 349.5 feet)
Depth (feet) Description % LEL
0-2 Brown, moist, silty SAND with gravel (£40% gravel). Grass roots -
typically down to 10 to 12 inches deep.
2-3.5 Gray, moist, silty GRAVEL with sand (very hard to excavate this layer). -
3.5+ Refuse: Paper (phone book) is wet with some decomposition. Phone 0
book is iegible inside, but falls apart easily. Wood looks good, clothes
look almost new, plastic falls apart easily.
Seepage encountered at 2 feet (ponded water on surface nearby).
Sample 12a cbtained from 0 to 2 feet, 12b from 2 to 2.5 feet.
TP-13 (Elevation 342.8 feet)
Depth (feet) Description % LEL
04 Brown and gray, moist, poorly graded SAND with silt and gravel. -
+40% gravel. Gray layer from 0.5 to 1.5 feet.
4+ Refuse: Paper is wet/saturated with moderate to much decomposition. 0
Paper is illegible outside, and nearly illegible even inside. Thick cotton
cloth falls apart easily. Intact plastic trash and apple bags. Copper
wire.
No seepage encountered.
Sampie obtained from cover soil.
TP-14 (Elevation 335.3 feet)
Depth (feet) Description % LEL
0-5.5 Gray, moist, poorly graded SAND with silt and gravel. +40-50% -
gravel.
5.5+ Refuse: Paper is damp to wet with some decomposition. Paper is 0
easily legible when parted. Rusted tin cans, tire chains. Unbroken
glass bottles.
No seepage encountered.
Sample obtained from cover soi.
TP-15 (Elevation 334.8 feet)
Depth (feet) Description % LEL
0-6 Gray, moist, poorly graded SAND with gravel. 10 to 20% gravel. -
Extremely rapid caving of sidewalls.
6+ Refuse: Damp with some to moderate decomposition. Heavily rusted 0

tin cans and wire. Plastic hags.

No seepage encountered.
Sample obtained from cover soil.
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TP-16 (Elevation 334.8 feet)

Depth (feet) Description % LEL
04 Gray, moist, poorly graded SAND with gravel. £10 % gravel. Caving -
of test pit sidewalls.
4+ Refuse: Damp with some decomposition. Wire, green rubber hose. 0
Plastic garbage.
No seepage encountered.
Sample obtained from cover soil.
TP-17 (Elevation 331.9 feet)
Depth (feet) Description % LEL
04 Brown, moist, poorly graded SAND with silt and gravel. +30 to 40% -
gravel.
4+ Refuse: Paper is wet/saturated with some decomposition. Paper is 0
illegible outside with moderate decomposition, but inside is easily
readable, although falls apart easily. Rusted tin cans. Glass bottles.
Plastic is good condition.
Moderate seepage encountered 1 foot below surface.
Sample obtained from cover soil.
TP-18 (Elevation 331.1 feet)
Depth (feet) Description % LEL
04 Brown, moist, poorly graded SAND with silt and gravel, +35 to 45% -
gravel. ‘
4+ Refuse: Paper is wet/saturated with some to moderate decomposition. 0
Paper is illegible outside with moderate decomposition, but inside is
easily readable, although falls apart easily (dated Aug. 14, 1966). Very
rusted tin cans. Glass bottles. Plastic is in fair condition. Wire.
No seepage encountered.
Sample obtained from cover soil.
TP-19 (Elevation 316.9 feet)
Depth (feet) Description % LEL
0-1.5 Gray and brown, moist, poorly graded GRAVEL with silt and sand. -
Gray layer from 0.5 to 1.5 feet.
1.5+ Refuse: Refuse is wet. Plywood is soft. Very rusted metal and wire. r 0
Glass bottles and plastic bags. Little to no paper.
No seepage encountered.
Sample obtained from cover soil.
TP-20 (Elevation 315.5 feet)
Depth (feet) Description % LEL
0-3.5 Gray and brown, moist, poorly graded GRAVEL with silt and sand. -
Gray layer from 1 to 2 feet. )
3.5+ Refuse: Refuse is very wet with moderate decomposition. Most of 0

refuse appears black (looks burnt, but is not). Very strong oil odor.
Very rusted metai and wire. Glass bottles. Paper is slightly legible on
inside when pulied apart.

No seepage encountered.
Sample obtained from cover soil.
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TP-21 (Elevation 337.7 feet)

Depth (feet) Description % LEL
0-2 Brown, dry to moist, silty GRAVEL with sand. Gray layer from 1 to 2 -
feet (hard to excavate - on old access road).
2 Refuse: Paper and cardboard has normal moisture with only some 0
, decomposition. Easily read print on paper (dated 1965). Wood
branches not decomposed. Plastic.
No seepage encountered.
Sample obtained from cover soil.
TP-22 (Elevation 345.9 feet)
Depth (feef) Description % LEL
0-3 Brown and gray, moist, silty GRAVEL with sand. Gray layer from 2 to -
3 feet (hard to excavate in gray layer).
3 Refuse: Paper damp to wet with some to moderate decomposition. 0
Some paper is very decomposed while some is very legible. Olympia
- | beer can rusted at seams. Wire, plastic.
Heavy seepage encountered at 1.5 feet.
Sample obtained from cover soil.
TP-23 (Elevation 350.0 feet)
Depth (feet) . Description % LEL
0-1 Gray, moist, silty GRAVEL with sand. -
1 Refuse: Paper and cardboard is wet to saturated with some to 0

(

moderate decomposition. Can read some print on paper {Jan. 2, 1966
date). Tin cans very rusted with many holes.

No seepage encountered.
Sample obtained from cover soil.
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APPENDIXKB Hydrologic Evaluation of Landfill Performance

B.1 MODEL DESCRIPTION

The U.S. Environmental Protection Agency (EPA) Hydrologic Evaluation of Landfill
Performance (HELP) model was selected to model infiltration through the landfill. This appendix
presents a description of the hydrologic model, the model methodology, simplifying assumptions
inherent in using the HELP model, the data requirements, and the model application. For a
detailed discussion of the theory, the reader is referred to the model documentation (EPA 1994).

B.1.1 Hydrologic Model

This hydrologic model is based on the relationship between precipitation, evapotranspiration,
surface runoff, and soil moisture storage. The water added by precipitation will either evaporate
directly back to the atmosphere from the soil surface, be utilized by plants through transpiration,
wet a dried soil to field capacity, drain through surface runoff, or infiltrate into the subsurface.
(Field capacity is the maximum moisture content which a soil or solid waste can retain in a
gravitational field without producing continuous downward percolation.) A brief description of
these processes and the factors that influence them is provided below.

B.1.1.1 Infiltration

A fraction of the precipitation will infiltrate into the soil. Infiltration rate depends on soil type,
vegetation cover and slope. It is also affected by climatic factors that affect soil moisture content
(e.g., precipitation, temperature, and humidity).

The infiltration fraction of precipitation is the principle contributor to leachate generation for a
landfill. Other contributors include the water of decomposition, the initial moisture content of the
solid waste and contact with the groundwater table. All of these parameters/contributors are
assumed to be negligible compared to the infiltration fraction of precipitation. It is reasonable and
appropriate to not consider water of decomposition and initial moisture content of the solid waste -
when estimating the percolation rates. This analysis approximates vertical percolation through the
landfill and does not account for groundwater intrusion into the waste material.

B.1.1.2 Evapotranspiration

Evapotranspiration, the combined evaporation from soil surfaces and transpiration from plants,
represents the transport of water from the soil to the atmosphere. The amount of available water
present in the soil that is lost to the atmosphere depends on soil type and vegetation. It is also
affected by climatic factors that affect soil moisture content {e.g., precipitation, temperature and
humidity).

B.1.1.3 Surface Runoff

Surface runoff represents the fraction of precipitation that flows off the area of concern. The
amount of surface runoff will depend upon many factors, including the intensity and duration of
the storm, the antecedent soil moisture condition, the permeability and infiltration capacity of the
cover soil, the slope of the potential runoff surfaces, and the amount and type of vegetation cover.
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B.1.1.4 Soil Moisture Storage

Soil moisture storage capacity represents water that can be held in the soil. Soil moisture storage
depends on soil type, soil structure, field capacity and depth of the soil layer. The total amount of
water stored in the soil at field capacity consists of two components. First, hygroscopic water is
water tightly bound to the soil particles that cannot be removed by plants. It is synonymous to the
water content below the wilting point. Second, avatlable water is water that can be removed by
evapotranspiration and it is synonymous to the water content that is above the wilting point and
below field capacity.

B.1.1.5 Percolation

Percolation represents water that exceeds the soil's storage capacity and flows to the water table.
When the water content is above the field capacity, percolation results. The amount of
percolation is determined by soil moisture. '

B.1.2 Model Methodology

The HELP program models the effects of hydrologic processes including precipitation, surface
storage, runoff, infiltration, percolation, evapotranspiration, soil-moisture storage and lateral
drainage using a quasi-two-dimensional deterministic model. Section B.1.2.1 briefly describes the
equations and methods used to calculate each of these processes. A discussion of the
mathematical representation of each of these processes is beyond the scope of this document.

The data required to model these processes are presented in Section B.1.2.2.

B.1.2.1 Model Assumptions

The HELP mode! computes runoff by the Soil Conservation Service (SCS) runoff curve number
method. Evapotranspiration is computed by a modified Penman method. Percolation is
determined by applying Darcy's Law for saturated flow with modifications for unsaturated
conditions. Lateral drainage is computed analytically from a linearized Boussinesq equation
which is corrected to agree with the range of design specifications used for hazardous waste
landfills. The model performs sequential daily analysis to determine runoff, evapotranspiration,
percolation and lateral drainage, and calculates the daily, monthly and annual water budget. This
model will not account for lateral inflow and surface run-on.

B.1.2.2 Data Requirements

The HELP model requires climatic data, soil characteristics, and design specifications. Climatic
input data consists of daily precipitation, mean monthly temperatures, mean monthly solar
radiation values, leaf area indices, evaporative zone depth and winter cover factors. Soil -
characteristics include porosity, field capacity, wilting point, hydraulic conductivity, water
transmissivity evaporation coefficients, and SCS runoff curve number. Design specifications
consist of the number of layers and their descriptions including layer type, thickness, slope and
lateral distance to a collection drain. It allows for synthetic membranes to be used as a cover
and/or liner.
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B.1.3 Model Application

The HELP model (Version 3.01) was used to estimate the infiltration rate through the
Puyallup/Kit Corner Landfill cover system. The climatic data, soil characteristics and design
assumptions used in the HELP model are presented in Section B.1.3.1. The model results are
presented in Section B.1.3.2.

B.1.3.1 Site-Specific Characteristics and Assumptions

To account for variation in vegetation, cover slope, and soil cover materials at the site, the landfill
was divided into 6 areas as shown in Figure B=1. The HELP analysis was performed for the each
area separately. The results of all the areas were used to get an estimate of the rate infiltration
into the landfill cover at the site,

The number and type of soil layers representing the cover section for HELP mode! analysis were
estimated from the results of the test pits and laboratory analysis of soil samples. Field
observations indicated that the landfill cover consists of a 1-foot-thick vegetative soil layer
(layer 1) overlying a sandy layer (layer 2). Test pit observations in areas A-3 and A-4 indicated
presence of a very hard, gray, silty gravel layer (layer 3) underlying the sandy layer.

To evaluate the permeability of the sandy layer and silty gravel layer, grain size analysis were
performed on test pit samples. The results of grain size analysis were evaluated using the
program MVAKSF developed by Vukovi’c and Soro (1992) to estimate the permeability of the
soil layers. The program MVAKSF calculates the hydraulic conductivity from grain size
distribution using difference empirical formulae proposed by ten different researchers. Based on
their investigations, Vukovi’c and Soro suggest that the formulae proposed by Kruegerr and

' Zamarinu provide results which are most representative of field conditions. Table B-1 shows the
results of the permeability analysis on test pit samples. The average permeabilities of sandy layer
(layer 2) obtained from Kruegerr and Zamarinu’s formulae were 1.41E-04 m./sec (1.41E-02
cm/sec) and 6.38E-05 m/sec (6.38E-03 cm/sec), respectively. The corresponding permeability
estimates for the silty gravel layer (layer 3) were 3.78E-05 m/sec (3.78E-03 cm/sec) and 1.17E-05
m/sec (1.17E-03 cm/sec).

The HELP model database provided default soil type data providing information about field
capacity, wilting point, and permeability required for the HELP analysis. A default soil type was
chosen for each layer in the cover system using the test pit observations and the results of
permeability analysis. A soil type #6 in the HELP model database, representing typical top soil
material with a permeability of 7.2E-04 cm/sec, was assigned to the vegetative top soil layer. A
soil type #2 in HELP model database, with a permeability of 5.8E-03 cm/sec, was assigned to
layer 2, as it represented permeability within range obtained from Kruegerr and Zamarinu’s
formulae. Field observations indicated that water ponded on top of the silty gravel layer,
suggesting that the permeability of layer 3 was lower than those obtained from MVAKSF
program. Therefore, a soil type #9 in the HELP model database, representing a permeability of
1.9E-04 cm/sec, was assigned to layer 3.

The thickness of the soil layers was estimated by averaging the observed thickness in test pits
located in each area. Vegetation in the area was considered dense and consisted of tall grass or
trees. An evapotranspiration depth of 18 inches was assigned to areas with tall grass and an
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evapotranspiration depth of 24 inches was assigned to the areas with trees. The slope of the
landfill length of surface drainage path were estimated from topographic map of the landfill
(Figure 2-1). Table B-2 provides a summary of the assumptions used in the HELP model for each
designated area.

The HELP model contains extensive weather information data from weather stations throughout
the United States. Weather data from the Olympia, Washington weather station was most
applicable for this analysis and was used in the HELP modeling. The precipitation data of
Olympia was scaled to represent the 39 inches of precipitation observed at the Puyallup/Kit
Corner Landfill area (Applied Geotechnology Inc. 1992).

B.1.3.2 Model Results

The results of the HELP analyses are presented in Table B-3. As seen from the table, there is no
significant variation of results obtained from the HELP models for different areas. The resuits
suggests that the presence of dense vegetation at the landfill controls the infiltration rates by
reducing runoff and increasing evapotranspiration. A weighted average based on area magnitudes
was used to obtain the average infiltration rates for the entire landfiil. As seen from Table B-3,
the average percentage of precipitation infiltrating through the landfill cover was 58.86% (22.96
infyear). This represents an infiltration of 83,000 cf/acre/year, or a total infiltration of 1,600,000
cf/year for the entire landfill area.
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o Table B-1

UYALLUP KIT CORNER LAND

_ ) - FILL

PERMEABILITY ESTIMATED FROM GRAIN SIZE DISTRIBUTION DATE

Case Test Pits USCS [ D10 | D60 Coefl. of | 5
Classification® mm mm | Uniformity [ TIAZEN _ SLICHTER TERZAG crmeabllity (m/sec)*
Layer -1 (Sand layer) G BEYER SAUERBREI _KRUEGERR  KOZENY _
1 |TP-l, TP-2, TP3  [SP-SM a1lo | 2483 2257 o L 7R-US 1 22K-05 1 77E-05 7 28E-05 5 18E-05 ZUNKER __ ZAMARINU TSIR
2 |TP4,TP5, TP SP-SM _ 0040 | 4750 | 11825 T9IED6  ).56E-06 22506 457008 iy 136E-04 5.59E.06 | 4.0
3 |TP.6, TP8.TP-23  [GM ooig | sso| 32956 | 155E06  304E-07 433E-07 255E-07 anEse o SLOOEML: ¢ ITE06 6.82E06 5.32K.05 1Tl
4 |TP9,TP-10 oM 0.032 | 7.870 §42.56 5.16E-06 1.01E-06 1.45E-06 143506 3 E-06 624E05 1 625.06 682506 3.49E-D5 1.49E-04
s |TP-11,TP-12 M no1g | 4750 267 6l 1 55E-06 3 B4E-07 433807 3 83E-07 4T2E 06’ ’ ) GOI8S ;1o RFIR-05 S0SE06 2.01E-05 I RTE-08
6 [TP-13,TP-14 SP-SM 0052 | 5.650 | 10928 1.31E05  2.58E-06 36TE-06 7.90E-06 by 6.09E-05 1.61E.06 36IE 323E-05 1A9E-04
7 |Tp-15. TP-16 sp o160 | D783 | 490 JGUEd T ASE-05 1 28604 2 29E.04 3‘3‘95'05 W L2 LA 113 71B-06 $00E.08 LOTE0S  Jult0t
8 |TP-17,TP-]¥ SP-SM 0.070 | 5.033 9 2 408-05 4.72E-06 6.T3E-05 1.85E-05 4 2E-04 - 4.12E-04 7.25E-05 9.19E-05 doEs 1.73E-04
9 |TP-19, TP-20 GP-GM ulln | 8872 6K 44 ¥ 24E-08 1 62E-05 231E-05 6 49E.05 E.‘7?13,'05_ O AR sk 4GB0 9-508:06 2.86E-04 1 79104
10 1?-21,1?-22 GM 0032 | 6467 | 19932 j :ftla-gg :,om-oa 1 45E-D6 1 38106 1‘235-05 _ ;_,3154)4 6.35E-06 14TE-05 ;-;::ros 1 82E-04
verage H3li- 13E-05 ot BEE-05 - . 9.12K88: - g .24E.05 305K
J 1 B5E-05 4.02E03 5.29E-05 1.41E-04 fﬁ?ﬁﬁ? - f’?gm ALUE08 g.gqig.‘o’;
Layer -2 (Silty gravel Layer) 62E-05 6.38E-05 [EF 00N
11 Te-12B (Mg ailue YO 937 52 5 SeE-07 1 09E-07 1 56E-07 -1 38E-07 8.30E-07 378
30E- .7BE-05 S.00E-07  205E '
.O0E- 2 05K-06 LI7K-05 28
- L-05 Jadjtin

® Bascd on so1l lab classification

++ Permeability values calculated using MVASKE program (Vukow'c and Soro, 1942)
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Table B-2
HELP MODEL ASSUMPTIONS FOR PUYALLUP KIT CORNER LANDFILL

Layer -1 - Layer 2- k| Layer 3- k
Average Total |Average Depth to k = 7.2E-04 cm/sec = §.8E-03cm/sec = 1,9E-04

Area . Vegetatlon (Root Drainage
No. acres Test pits Depth {In Seepage laver (R Thickness (R Thickness (ft Depth Surface Slope Leneth (R
A-l 3 TP-23 30 - 12 13 0 Trees (24") 20.0% 50
A2 4 | TP, TP-5, TP-T 36 - LS 24 0 Tall Grass (18") 3.5% 200
A3 s |10, TP-11,TP-12 59 34 12 22 25 Trecs (24") 3.5 200
A-4 3 TP-8, TP-22 36 18 12 6 13 Tall grass (18") 3.5% 100
AS 4 |17, TP-18, TP-21 48 . 2 36 0 Tall Grass (18") 15 0% 50
3 l P19, TP-20 30 - 12 18 0 Tall Grass (18" 3.0% 50

[N \'l‘i-‘nllthN\:\l’.‘(l\-‘l'”l. K15 Lable A2



RESULTS OF HELP MODEL ANALYSES FOR PUYALLUP KIT CORNER LANDFILL

Table B-3

No. Areca Total Precipitation
A-1 (ac’;CS) i;l ;i:)%s : 1()00’30% i'(‘)cg TSRM-O” 2 iﬁ:l?g: tmnsPirtzo" ____Infiltration
: : 4 0.02% 16.14 A1.39% .;;g«;s 580? 5
A-2 4 39.00 100.00% 0.01 0.01% 15.93 40.84% 23 : f %
A3 5 39.00 100.00%. 0.00 0.00% TRT — 22':3 59.06%
o ; s R 001 0.02% 15.89 40.75% 23-0: e
A-5 4 39.00 100.00% 0.01 0.04% 15.93 40.84% ’ 23.00 59.21%
aa : LA 100.00% 0.01 003% | 1593  40.84% 23.04 o
: 3
Total* __ 20 39.00 100.00% 0.01 0.02% 16.01 41.05% 22.96 :: .:: :
: T

* Weighted total based on arca magnitudes

():\‘)54()2(;N:\\Al‘.\'1\-'l'|El...\'l 8 Table A-?
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. T A S S B R U S S S NS S S S
THICKNESS = 18.00  INCHES
...... PETTeeRwrrwwewwewesewrs T UL LT LL L bl ldoldedlole POROSITY = 0.4370 voL/voL
i bbb PP PR — an FIELD CAPACITY = 0.0620 VOL/VOL
O il bl bbb ddebod ke WILTING POINT = 0.0240 voL/voL
an *h INITIAL SOIL WATER CONTENT = 0.1727_VOL/VOL
- HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE - EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC
o HELP MODEL VERSION 3.01 (14 CCTOBER 1994) -
- DEVELOPED BY ENVIRONMENTAL LABORATORY >
wa USAE WATERWAYS EXPERIMENT STATION i
- FOR USEPA RISK REDUCTION ENGINEERING LABORATORY b
" e GENERAL DESIGN AND EVAPORATIVE ZONE DATA
i P 'TIT a2l WARANRAAANAARRS® V  ememesssmcastc s cE NS s eS SN s CaEssssdw—mmm--ea
b ETR——  biabdedode bbbk leialakuisiuinialel e NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # & WITH AN
EXCELLENT STAND OF GRASS, A SURFACE SLOPE OF 20.%
PRECIPITATION DATA FILE: ~ C:\HELPI\PYLP2.D AND A SLOPE LENGTH OF 0. FEET.
TEMPERATURE DATA FILE: Eg{“;t;§§$§t§22013 SCS RUNOFF CURVE NUMBER a 64.40
SOLAR RADIATION gﬁTGATA- P P YLP2 D11 FRACTION OF AREA ALLOWING RUNOFF = 90.0  PERCENT
EVAPOTRANSPIRATI L AP 070 AREA PROJECTED ON HORTZONTAL PLANE = 1.000 ACRES
SOIL AND DESIGN DATA FILE: C:\HELPI\PY1.O03 EVAPORATIVE ZONE DEPTH = 24.0  INCHES
OUTPUT DATA FILE: C:\ . INITIAL WATER IN EVAPCRATIVE ZONE = 4.631 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 10.680 INCHES
%a¥$¥Atxg;gﬂo;AgggpoRArxvz STORAGE = 1.308 INCHES
= 0.000 INCHES
TIME: 13:17 DATE: 5/29/1996 INITIAL WATER IN LAYER MATERIALS = 5.696 INCHES
TOTAL INITIAL WATER = 5.696 INCHES
TOTAL SUBSURFACE INFLOW = 0.00  INCHES/YEAR
TITLE: Puyallup Kit Corner Landfill  YAaga ft )

NOW WATER WERE
H STURE CONTENT OF THE LAYERS AND S
NOTE: [HégangzglAS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER

NUMBER 6
MATERTAL TEXTURE K2 00 ~ 1nchES

0.4530 vOL/VOL

0.1900 VOL/vOL

0.0850 VOL/VOL

0.2156 VOL/VOL
0.720000011000E-03 CM/SEC

THICKNESS
POROSITY

FIELD CAPA?;;Y
WILTING PO
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD.

Hwun

COND.
NOTE: SATURATED HYDRAULIC CONDUCTIVITY 1§ MULTIPLIED BY 5.00

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

10N LAYER
PE 1 - VERTICAL PERCOLAT
m MATERIAL TEXTURE NUMBER

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATICN DATA WAS OBTAINED FROM
SEATTLE WASHINGTON

MAXIMUM LEAF AREA INDEX

= 5.00
START OF GROWING SEASON (JULIAN DATE) = 126
END OF GROWING SEASON (JULIAN DATE) = 287
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 6%.00 X%
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %

NOTE: PRECIPITATION DATA FOR SEATTLE
WAS ENTERED FROM AN ASCII DATA F

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY
COEFFICIENTS FOR SEATTLE

WASHINGTON
ILE.

GENERATED USING
WASHINGTON

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP  APR/OCT MAY/NOV JUN/DEC
39.10 42.80 44.20 48.70 5500 e0.20
64.80 64.10 60.00 52.50 4% .80 2?:53

PY1.0UT 5-29-96 1:17p

Page 1 of 3
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SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR SEATTLE WASHINGTON

STATION LATITUDE = 47.50 DEGREES

NOTE:

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

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
EcleiTaIon T T
o o3 4% RO OME 4B
sm.orviaiols 191 et L1 oB 0 0
RUNOFF
ToraLs o0 g0 2 o0 o4 o.0m
sw.oEviATIoNs 0000 0001 0.000- 2000 D400 G000
EVAPOTRANSPIRATION
Tromls oot 17 2 3L L8R 13
sw.oeviTions D003 4% 0240 0418 ST G
PERCOLATION/LEAKAGE THROUGH LA!E?__?
T sasle Lo Loms 0o Gl 0705
sw.oeviaTions  L3lE1 1azel DT Gt o139 00U
AVERAGE ANNUAL TOTALS & {STD. DEVIATIONS) FOR YEARS 1971 THROUGH 1990
= cu. FEET PERCENT
PRECIPITATION 300 ¢ Tsiosey 14157941 100.00
RUNOFF 0.007 (¢ 0.0305) 25.83 0.018
EVAPOTRANSPIRATION 16.143  ( 1.4141) 58599.22 41.3%90

PERCOLATION/LEAKAGE THROUGH 22.
RCOLATION/LEA 2.83360 ¢ 4.34924) 82885.969 58.54393
CHANGE IN WATER STCRAGE 0.01% ( 0.8147) 68.04 0.048

e dr e dede e e ok dedeolr e dr sk e e e e e ok ke e R e e e e de e e A e e de e dde dr e e e e e e e R A R R R R AR R A A e ok

PYL.OUT 5-29-96 1:17p

Page 2 of 3 -
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lainiaeiieniaieiel ipfulainalelaieininininio jaluialeiaiaialaiainiaiiiote jolabelalaiuieioloioloioielaiiniaieininteinbaine FRRARRRRI IR RS ek e e e s e o e ol s ek s A o s ke o ol e koo e ek
PEAK DAILY VALUES FOR YEARS 1971 THROUGH 1990 FINAL WATER STORAGE AT END OF YEAR 199
------------------------------------------------------------------------------------------------------------ R 1990
JackEsy e T LAYER C(INCHES)  -ovoupvoly
PRECIPITATION 2.48 9002.400 1 ) "5-'}653 "(-)-éé;"
- .2258
RUNOFF 0.134 487.9757 2 3.3615 0.1868
PERCOLATION/LEAKAGE THROUGH LAYER 2 1.536051 5575.86377 SNOW HATER 0.000 -
SNOW WATER 2.65 9621.7881 ek ek e e ok ook e e e o e ok ol e
il bbb b
Whkdr Rk
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2602
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0480
S
3

PY1.OUT 5-29-96 1:17p
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DROLOGIC EVALUATION OF LANDFILL PERFORMANCE
IHIY'IELP MODEL VERSION 3.01 {14 OCTCBER 1994}
DEVELOPED BY ENVIRONMENTAL LABORATORY

USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

- . 4
PRECIPITATION DATA FILE: C:\HELP3\PYLP.D

TEMPERATURE DATA FILE: C:\HELP3\PYL;.B?"3
SOLAR RADIATION DATA FILE: C:\HELP3\PYL -1
EVAPOTRANSPIRATION DATA: C:\HELP3\P‘{LP.10
SOIL AND DESIGN DATA FILE: C:\HELP3\PY2.D ¢
OUTPUT DATA FILE: C:\HELP3\PY2.0U

13:18 DATE:  5/29/1996

-TOTAL INITIAL WATER

kR RirhdikkARw

TITLE: Puyallup Kit Corner Landfill {xnazx A-2

se v e e e sk e ol A kedihh WA Nk R

SNOW WATER WERE
: OISTURE CONTENT OF THE LAYERS AND
NOTE: lNéB&QthDlgS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

E 1 - VERTICAL PERCOLATION LAYER
e MATERIAL TEXTURE NUMBER

THICKNESS

POROSITY

FIELD CAPA?§¥Y

WILTING PO

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. C

LAYER 2

N LAYER
PE 1 - VERTICAL PERCOLATIO!
m MATERIAL TEXTURE NUMBER

6
42.00  INCHES
0.4530 VOL/VOL
0.1900 voL/voL
0.0850 VOL/VOL

0'22501ggbévg§ CM/SEC

OND . 0.72000001 -
Y 4.90
: DRAULIC CONDUCTIVITY IS MULTIPLIED B

NOTE: SA;ggA;ggTHEHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

24.00  INCHES
0.4370 VOL/VOL
0.0620 voLsvoL
0.0240 voL/voL
0.1743 vOL/vOL
0.579999993000E-02 CM/SEC

GENERAL DESIGH AND EVAPQRATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 6 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 3.%
AND A SLOPE LENGTH OF 200. FEET.

SCS RUNOFF CURVE NUMBER 62.40
FRACTION OF AREA ALLOWING RUNOFF $0.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES

EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE

18.0 INCHES
3.697 INCHES
8.058 [INCHES

LOWER LIMIT OF EVAPORATIVE STORAGE 1.164 INCHES
INITIAL SNOW WATER 0.000 [INCHES
INITIAL WATER IN LAYER MATERIALS 6.884 INCHES

6.884 INCHES
0.00  IMCHES/YEAR

RA RN

TOTAL SUBSURFACE INFLOW

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
SEATTLE HASHINGTON

MAXIMUM LEAF AREA IMDEX = 4.00
START OF GROWING SEASON (JULIAN DATE) = 126

END OF GROWING SEASON (JULIAN DATE) = 287
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %

NOTE: PRECIPITATION DATA FOR SEATTLE

S
WAS ENTERED FROM AN ASCII DATA FILE. HASHINGTON

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR SEATTLE WASHINGTON

NORMAL MEAMN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV

______________________________ JUN/DEC
39.10 42.80 44.20 48.70 55.00  60.20
64.80 64.10 60.00 52.50 44,80 2?:58

pY2.0UT 5-29-96 1:19%p

Page 1 of 3
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SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR SEATTLE WASHINGTON

STATION LATITUDE = 47.50 DEGREES

NOTE:

PRECIPITATION
" TOTALS 6.38  4.82 3.56 277 139 0.93
0.54 0.77 1.48 3.69 5.86 6.79
STD. DEVIATIONS 1.91 1.64 1.13 0.75 0.77 0.51
0.48 0.47 0.90 1.29 2.29 1.50
RUNOFF
“ToTALS 0.000 0.000 0.000 ©0.000 0,000  0.000
TOTAL 0,000 0.000 0,000 ©0.000  0.005  0.000
. 0.000  0.000 0.000 ©0.000  0.000  0.000
STD. DEVIATIONS 07000 0.000 0.000 0.000  0.021  0.000
EVAPOTRANSP IRATION
""""""""" 0.911  1.139  2.175  3.220  1.662 1319
TOTALS 0,583  0.562  1.388  1.294  0.500  0.777
0.109 0.135  0.218  0.414  0.543  0.725
STD. DEVIATICNS 0539 0.317 0.728 0.301  0.092  0.079
PERCOLATION/LEAKAGE THROUGH LAYER 2
"""""""""" 55570  4.2243 2.0719 0.9668 0.4152  0.1793
TOTALS . p1035 0.0690 0.0499 0.1415 3.7395  5.5154
1.4533 1.3298 0.9503 0.5937 0.1654  0.0481
STD. DEVIATIONS 0.0179 ©0.0083 0.0048 0.2635 2.3539 1.5628
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1971 THROUE! 1792,
"""""""""""""""""" INCHES CU. FEET PERCENT
PRECIPITATION 39.00 ¢ 5.058) 141579.1 100.00
RUNOFF 0.005 ¢ 0.0213) 17.53 0.012
EVAPOTRANSPIRATION 15.929 ( 1.4156) 57823.64 40.842

PERCOLATION/LEAKAGE THROUGH 23.033
R LAYTLES 35 ( 4.35046) 83611,055 59.05606
CHANGE IN WATER STORAGE 0.035 ¢ 0.9034) 126.85 0.090

wrde e de e e e e o e i e e e o e ol el e e e e e dr e e de e e dr e e et ek e e de e s dr e ek e e e el e A R R kR ke AR R AR

PYZ.00T 5-29-96 1:19

Page 2 of 3
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........................................................................

FINAL WATER STORAGE AT END OF YEAR 1990

_(INCHES) (OO FT . LAYER (INCHES) {VOL/VOL)
PRECIPITATION 2.48 9002.400 'l " 2.8320 “0.2360
RUNOFF 0.095 3448818 2 47506 0'197
. .1979
PERCOLATION/LEAKAGE THROUGH LAYER 2 1.783633 6474 .58643 SNOW WATER 0.000
SNO” ”ATER 2_65 9621.7881 titiitttttti*t*ttttiitt**t*itiii**tl**tttitttti*ii*ti**t*iti*ttt
RR R ARRR AR R IN KA RN I AN R ke Rtk dede sk A A RAWRA RN AR ARk
MAXIMUM VEG. SOIL WATER (VOL/VOL) T TR
MINIMUM VEG, SOIL WATER (VOL/VOL) 0.0565
pY2.0UT 5-29-96 1:19p Page 3 of 3 o
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OGIC EVALUATION OF LANDFILL PERFORMANCE
H;gfgLMgDEL VERSION 3.01 (14 OCTOBER 1994)
DEVELOPED BY ENVIRONMENTAL LABORATORY

USAE WATERWAYS EXPERIMENT STATION "
FOR USEPA RISK REDUCTION ENGINEERING LABORATOR

i
*k
L2
i
L2
i
i
L1l
ek

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:

C:\HELP3\py!p2.D4
C:\HELP3\pylp2.D7

SOLAR RADIATION DATA FILE: C:\HELP3\pylp2.D13

EVAPOTRANSPIRATION DATA:

C:\HELP3\pylp2.D11

SOIL AND DESIGN DATA FILE: C:\HELP3\py3.D10

OUTPUT DATA FILE:

TIM

C:\HELP3\py3.0UT

E: 16: 7 DATE: 5/29/1996

J1TLE: Puyallup Kit Corner Landfill fnea A-3

RE
NT OF THE LAYERS AND SNOW WATER WE
M ]Négénggg13;U:§A§?$T§TEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER

NUMBER 6
MATERIAL TEXTURE MM 00  ncHES

0.4530 VOL/VOL
0.1900 VOL/VOL
0.0850 votlxgt
INITIAL SOIL WATER CONTENT 06383?1335é-03 CM/SEC
EFFECTIVE SAT. HYD. COND. 0.720 B AR
:SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 5.
NOTE: SACOR ROOT CHANNELS IN TOP HALF OF EVAPORA 5

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT

LAYER 2

N LAYER
PE 1 - VERTICAL PERCOLATIO
Y MATERIAL TEXTURE NUMBER

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

22.00  INCHES

0.4370 voL/voL

0.0620 voL/voL

0.0240 voL/voL

0.1211 voL/voL
0.579999993000E-02 CM/SEC

nn

LAYER 3

........

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER ¢

THICKNESS = 25.00 INCHES
POROSITY = 0.5010 voL/voL
FIELD CAPACITY = 0.2840 voL/voL
WILTING POINT = 0.1350 voL/voL
INITIAL SOIL WATER CONTENT = 0.5010 voL/voL
EFFECTIVE SAT. HYD. COND. =

0.190000006000E-03 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

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

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # & WITH AN
EXCELLENT STAND OF GRASS, A SURFACE SLOPE OF 3.%
AND A SLOPE LENGTH OF 200. FEET

SCS RUNOFF CURVE NUMBER

57.90
FRACTION OF AREA ALLOWING RUNOFF 90.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES

EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

24.0 INCHES
4.631 INCHES
10.680 INCHES
1.308 INCHES
0.000 INCHES
17.776 INCHES
17.776 INCHES
0.00  INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
SEATTLE WASHINGTON

MAXIMUM LEAF AREA INDEX

= 5.00
START OF GROWING SEASON (JULIAN DATE) = 126
END OF GROWING SEASON (JULIAN DATE) = 287
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 4
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 x
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 *
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %

PY3.0UT 5-29-96 4:08p

Page 1 of 3
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NOTE:

NOTE:

SEATTLE

PRECIPITATION DATA FOR ;
ASCI1 DATA FILE.

WAS ENTERED FROM AN

WASHINGTON

TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR SEATTLE WASHINGTON
NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
39.10 42.80 44.20 48.70 55.00 60.20
64.80 64.10 60.00 52.50 44.80 41.00
NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR SEATTLE WASHINGTON
STATION LATITUDE = 47.50 DEGREES
"*"fi*ttttt"'tttttt*ttttii*tt*tti!titt't'iiﬁ-w ----- *hwwdkkok Wk R kiR wk e i

JAN/JUL
PRECIPITATION
TOTALS 6.38  4.82 3.56 277
830 o077 1.8 3.69
STD. DEVIATIONS 191 1.66 1.3 073
378 o4r 090 129
RUNOFF
TOTALS 0.000 0.000  0.000  0.000
0.0900 0,000 0.000  0.000
STD. 1 0.000 0.000  0.000  0.000
OEVIATIONS 0-090 0l000 0.000  0.000
EVAPOTRANSPIRATION
omis 0.918  1.147  2.181 321
0-350  0.696  1.257  1.330
STD. T1OM 0.1090 0.136  0.240  0.418
REZISTIEeS 0-302 o391 0.611  0.276
PERCOLAT [ON/LEAKAGE THROUGH LAYER 3
e 25172 4.1237  1.9439  0.8381
JERRES 33043 0.0040 0.0120 0.2437
: s 15666 1.3349 0.8917  0.4763
S0 TR AT 130495 ol0088  0.0151 0.4248

e

——— py3.UT 5-29-96 4:08p

0.0689
5.6089

0.05%4
1.5829

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

AVERAGES 0.0565 0.0468 0.0191 0.0087 0.0039 000
0.0000 0.0000 0.0002 0.0024 0.0434 gfossg
STD. DEVIATIONS 0.0169 0.0173 0.0088 0.0050 0.002
’ ! ' .0020 O.
0.0001 0.0001 0.0002 0.0037 0.0253 u.ggg?

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

______ !9??5?__ CU. FEET PERCENT

PRECIPITATION 39.00 ¢ 5.058) 14;;;6:;‘_ ;66:66---
RUNOFF 0.001 ( 0.0063) 5.13 0.004
EVAPOTRANSPIRATION 16,143 ( 1.4141) 58599.22 41.390
PERCOLATION/LEAKA

oo LAYEé GE THROUGH 22.84549 ( 4.38918) 82929.109 58.57440
AVERAGE HEAD ACROSS TOP .

gt 0.020 ( 0.004)
CHANGE IN WATER STORAGE 0.013 ¢ 0.7536) 45.61 0.032

t*ﬁlﬂiiiQtititttittiiﬁl*ﬂt'**!-***iii*ii*f*i*ttttitittittt*t*tﬁttittttttt**t***
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S S e S s T o N e S S T wuos Sli S  Swl S v BE tBti S eSO S o
FATRERRETEET ENRAARAAARARARABARARAAREEERTEEEE ol EHRNRRERERAERRARERE AT AR AR d AR AR AN ERERN T AN AN ARtk kR kA NN
PEAK DAILY VALUES FOR YEARS 1971 THROUGH 1990 FINAL WATER STORAGE AT END OF YEAR 1990
------------------------------------------ (INCHES) (CU. FT.3 LAYER CINCHES) (VOL/VOL)
PRECIPITATION “2.68 9002.400 1 2.7093 0.2258
RUNOFF ' 0.028 102.5380 2 2.7927 0.1269
PERCOLATION/LEAKAGE THROUGH LAYER 3 2.092966 T597.46777 3 12.5250 0.5010
AVERAGE HEAD ACROSS LAYER 3 0.629 SNOW WATER 0.000
2.65 9621.7881 e L L e PPy
SNOW WATER . AARR RN RN AN TN TR A A AT e 03 oA A oo ol o ok e o e o o 6 e e o vk ke e ok e e e e e e e e e
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2617
MINIMUM VEG. SOIL WATER (voL/voL) 0.0480

PY3.0UT 5-29-96 4:08p
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co] [T I SN B A oo T ST RS S A Y VR S SRV A .
THICKNESS = 6.00  INCHES

--------- SRR R AR RE R R AR TR AR RS PORGSITY S 0.4370 voL/voL

AR SRAAA RS nERA SRERE A i FIELD CAPACITY = 00620 voL/voL

- T bl WILTING POINT = 0.0240 VOL/VOL

b e INITIAL SOIL WATER CONTENT =  _ 0.1173 VOL/VOL

- HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE w EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC

MODEL VERSION 3.01 _ (14 OCTOBER

p N EVELOPED BY ENVIRONMENTAL LABORATORY -

ax USAE WATERVAYS EXPERIMENT STATION .

e £OR USEPA RISK REDUCTION ENGINEERING LABORATORY - ven 3

L 1

W Rw Rk wR ERAANR
* WRARTArRR TR RN N
AhdhkAEFRAAARAER

‘ ) : : LP.D4
PRECIPITATION DATA FILE: C:\HELP3\PY
TEMPERATURE DATA FILE: C:\HELP3\PYLP.g:3
SOLAR RADIATION DATA FILE: C:\HELP3\PYLE.D11
EVAPOTRANSPIRATION DATA: C:\HELPB\PYk )
SOIL AND DESIGN DATA FILE: C:\HELPI\PY4.
OUTPUT DATA FILE: C:\HELP3\PY4.0UT

TIME: 14:52 DATE: 5/29/19%96

TITLE: Puysllup Kit Corner Landfill

SNOW WATER WERE
: STURE CONTENT OF THE LAYERS AND
NOTE: INéS&QbTEgIAS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

YER
TYPE 1 - VERTICAL PERCOLATION LA
UMBER 6

MATERIAL TEXTUEE N BER 10 © IncHES
0.4530 vOL/VOL
0.1900 VOL/VOL
0.0850 VOt;xgt

0,2249 VO
BT il e o o RS e

: SATURATED HYDRAULIC CONDUCTIVITY IS MULTI AN

NOTE:! FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE .

!

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT

nunun

LAYER 2

N LAYER
1 - VERTICAL PERCOLATIO
TYpEMATERIAL TEXTURE NUMBER

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 9

18.00  INCHES

0.5010 voL/voL

0.2840 voL/voL

0.1350 voLsvoL

0.5010 voL/voL
0.190000005000E-03 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 6 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 3.%
AND A SLOPE LENGTH OF 100, FEET.

SCS RUNOFF CURVE NUMBER

INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

0.000 INCHES
12.421 INCHES
12.421 [INCHES

0.00  INCHES/YEAR

= 64.20
FRACTION OF AREA ALLOWING RUNOFF = 90.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 18.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 3.403 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 8.058 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.164 INCHES -

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
SEATTLE WASHINGTON

MAXIMUM LEAF AREA INDEX

= 4.00
START OF GROWING SEASON (JULIAN DATE) = 126
END OF GROWING SEASON (JULIAN DATE) = 287
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 ¥
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %

PY4.0UT 5-29-96 2:52p

Page 1 of 3
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WASHINGTON

NOTE: PRECIPITATION DATA FOR SEATTLE
WAS ENTERED FROM AN ASCII DATA FILE.
NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR SEATTLE WASHINGTON

NORMAL MEAM MONTHLY TEMPERATLRE (DEGREES FAHRENHEIT)

JANSJUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
39.10 42.80 44.20 48.70 55.00 60.20
64.80 64.10 60.00 52.50 44.80 41.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING

SEATTLE WASHINGTON

= 47.50 DEGREES

COEFFICIENTS FOR
STATION LATITUDE

kv vrdede s deale o o ek e o de o o e e i e e e e ke o kR wiek ik HhR Rk R ARk kArkd ARt niy ARRAERNTN

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1971 THROUGH 19390

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

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

PRECIPITATION
""""""""" 638 4.82 356 277 139 0.93
TOTALS 0.54 0.77 1.48 3.69 5.86 6.79
. ATIONS 1.91 1.64 1.13 0.75 0.77 0.51
STD. DEVIATION 0.48 0.47 0.90 1.29 2.29 1.90
RUNOFF
“rotALs 0.000 ©0.000 0.000 0.000  0.000  0.000
0.000 ©0.000 0.000 0.000 0.006  0.000
0.000 0.001 0.000 0.000  0.000  0.000
STO. DEVIATIONS 0000 0.000 0.000 0.000  0.029  0.000
EVAPOTRANSPIRATION
""""""""" 0.912  1.141 2.175  3.198  1.593  1.34
TOTALS 0'584 0.563  1.396  1.306  0.903  0.778
; 0.110  0.136 0.222 0.423  0.527  0.727
STD. DEVIATIONS 0.540  0.321 0.732 0305  0.091 0.079
PERCOLATIONILEAKAG? THROUGH LA!EE__%
"""""""""""" “.961 4.0335 1.8190 0.5006 0.0813  0.009%8
TOTALS g.ggoo 0.0000 0.0000 0.7120 4.7020 5.7371
5913 1.3947 0.8602 0.3428  0.1206 0.0440
STD. DEVIATIONS &_3300 00000 0.0000 0.9090 2.3812 1.6106

AVERAGES 0.0566 0.0469 0.0192 0.0056 0.0008 0.00
. . . . .000
0.0000 0.0000 0.0000 0.0074 0.0513 0.3603
STD. DEVIATIONS 0.0149 0.0161 0.0093 0.003% 0012
0.0000 0.0000 0.0000 0.0094 3:0238 g:g?gg

e e ol e o ok ok o e o i vk e o e O e o T e e Ok e ol i s ok v ok o e o o e e e e o g ol e e o e e A A T v e

RRRNEARAREE R AN AT RRRETRRRR AR RN TN RE RN R Ak ki ik drdk kb dd ke d wr ik w

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1971 THROUGH 1990

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

______ INCKES CU. FEET PERCENT
PRECIPITATION 39.00 ¢ 5.058)  141579.1  100.00 -
RUNOFF 0.007 { 0.0288) 24 .47 0.017
EVAPOTRANSPIRATION 15.892 (¢ 1.4180) 57688.57  40.747
PERCOLATION/LE :

RCOLATION/LEAKAGE THROUGH  23.09146 ( 4.40416)  83821.984  59.20505
AVERAGE HEAD ACROSS TQP u

ERAGE HERD, 0.021 ¢  0.004)
CHANGE IN WATER STORAGE 0.012 ( 0.6592) 44,03 0.031

ititi*ti*i**iitit*t*ii"iiiiit*i***iiiititt*ttt*tt**i***t**ttt*tiitt****t*tﬂi*t

PY4.OUT 5-29-96 2:52p
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SOR T S L S O R
e B T iniainkaloialalalaiielaiainintsinii et e etk ot s e s v e o v e e i o o o e A e ke e e e ke b
PEAK DAILY VALUES FOR YEARS 1971 THROUGH 1990 L FINAL WATER STORAGE AT EKD OF YEAR 1990
T ey e e el T
PRECIPITATION "’;’:’:;3 ------- 5665:;56" 1 "5:';3:-55; "6:5586_
RUNOFF 0.126 456.3805 2 0.8136 0.1356
PERCOLATION/LEAKAGE THROUGH LAYER 3 2.282994 8287.26855 3 9.0180 0.5040
AVERAGE HEAD ACROSS LAYER 3 0.597 SNOW WATER 0.000
SNOW WATER 2.65 pez1.7881 bbb
MAXIMUM VEG. SOTL WATER (VOL/VOL) 0.2796
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0577

PY4.0UT 5-29-96 2:52p

Page 3 of 3 R
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- 5 — el o= cem s - T - ~— —-— N PN — _ - r i ; B
A Tt Ot T A N NPt S S SO S N o SNk SO S S s T s NN SR S U N S My
""""""" A m et sk e ek AR POROSITY = 0.4370 VOL/VoL

------ b, 'lll'"ln—-----—--I"--"-"——""""H'---------——--l-:-u-n"u- FIELD CAPACITY = 0.0620 VOL,VOL

. R o WILTING POINT - 0.0240 VOL/VOL

- ** INITIAL SOIL WATER CONTENT = 0.1773 voL/voL

ke - v

*n HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE e EFFECTIVE SAT. HYD. COND. 057959033 aase 5 ssec

*H HELP MODEL VERSICN 3.01 (14 OCTCBER 1994) x*

*a DEVELOPED BY ENVIRONMENTAL LABORATORY a

** USAE WATERWAYS EXPERIMENT STATION -

e FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 6 WITH A

GOOD STAND OF GRASS, A SURFACE SLOPE OF 15.%

ANTHEY LI

PREGIPITATION DATA FILE:  CHELPRVPYLP-04 AND A SLOPE LENGTH OF  50. FEET,
TR TURE DA TR ¢ E \IELPRAPYLP.D13 SCS RUNOFF CURVE KUMBER = 67.50
SOLAR RADIATION DATgAgigE: gikuELps\PvLP:D11 FRACTION OF AREA ALLOWING RUNOFF = 90.0  PERCENT
EVAPOTRANSPIRATION DATA: C:\MELPIAPYLP.B0 AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
SOIL AND DESIGN DATA FILE: C:\HELESAPYZ-DID EVAPORATIVE 2ONE DEPTH = 18.0  INCHES
OUTPUT DATA FILE: : : INITIAL WATER IN EVAPORATIVE 20NE = 3.697 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = B.058 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.164 INCHES
IN R = D.000 INCHES
TIME: 14354 DATE:  5/29/1996 INITIAL WATER IN LAYER MATERIALS = 9.0B1 INCHES
TOTAL INITIAL WATER - 9.081 INCHES
TOTAL SUBSURFACE INFLOW = 0.00  INCHES/YEAR
. i -5
TITLE: Puyallup Kit Corner Landfill Anoor B EVAPOTRANSPIRATION AND WEATHER DATA
NOTE: EVAPOTRANSPIRATION DATA WAS UBTAINED FROM
SEATTLE WASHINGTON
F THE LAYERS AND SNOW WATER WERE
NOTE: INITIAL MOISTURE CONTENT OF e PROGRAM. MAXIMUM LEAF AREA INDEX = 4.00
COMPUTED AS NEARLY STEADY-STATE VALUES START OF GROWING SEASON (JULIAN DATE) = 126
END OF GROWING SEASON (JULIAN DATE) =~ = 287
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
LAYER 1 AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 X
________ AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 70.00 %
\PE 1 - VERTICAL PERCOLATION LAYER AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %
MATERIAL TEXTURE NUMBER 6
THICKNESS = 0.4530 VOL/VOL
POROSITY z 0.1900 VOL/VOL NOTE: PRECIPITATION DATA FOR SEATTLE WASHINGTON
FIELD CAPACITY z 00850 VOL/VOL WAS ENTERED FROM AN ASCI1 DATA FILE.
N
¥£%;§AL 5°§kT“AL$g CEQLE"T z 0.7286%%3?1%83£Y8§ CM/SEC
NOTE T SAYURATED HYDRAULIC ?gugggT5X{IYoésEﬂgtg;§#{sg oTNE 0 NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
TR - ERANNELS COEFFICIENTS FOR  SEATTLE © WASHINGTON
NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
LAvER 2 JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV JUN/DEC
-------- 39.10 42.80 4.20 4870 55.00  60.20
FyPE 1 - VERTICAL PERCOLATION LAYER 64.80 64.10 60.00 52.50 44,80 41.00
L TEXTURE NUMBER
MATERIA Page 1 of 3

PY5.0UT 5-29-96 2:54p



NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENE

COEFFICIENTS FOR SEATTLE

STATION LATITUDE

WASHINGTON

= 47.50 DEGREES

RATED USING

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

PERCOL
FROHAI;?EéLE%KAGE THROUGH 23.00009 ( 4.29799) 83490.312 58.97078

CHANGE IN WATER STORAGE 0.05% ¢ 1.1056) 213.78 0.151

*!**titiitit*tiiiiil'*ﬂ*ﬁ*tiiii*t*ﬁitiii*****iii***tiii*iit*i*i***t*ti*t*******

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
PRECIPITATION
TOTALS 6.38 4.82 3.56 .77 1.39 0.93
0.54 0.77 1.48  3.60  5.86 6.79
STD. DEVIATIONS 1.91 1.64 1.13 0.75 0.77 0.5
0.48 0.67 0.90 1.29  2.29 1.90
RUNOFF
TOTALS 0.000 0.002  0.000 0.000  0.000  0.000
0-000 0,000 0.c00 0.000 0.012  0.000
STD. DEVIATIONS 0.000 0.007 0.000  0.000  0.000  0.000
0-000 0.000 0.000 0.000  0.054  0.000
EVAPOTRANSPIRATION
TOTALS 0.911 1.13%9 2.175 3.220 1.662 1.319
D385  o0.562 1.388  1.29%  0.900  0.777
. DEVIATIONS 0.109 0.135 0.218  0.414  0.543  0.725
st 1AT 0-339  0.317 o0.728 0.301 0.092  0.079
PERCOLATION/LEAKAGE THROUGH LAYER 2
TOTALS STei70 Ti.3ose  2.2678 11018 0.5188  0.2843
3:3705 01228 0.0886 0.0910 3.0472  5.3553
) TIONS 13748 1.3666 1.0160 0.5890 0.2026  0.0712
STO. DEVIATION 3984 0.0150 0.0088 0.0821 2.3455 1.5856
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1971 THROUGH 1990
"""""""""""""""""""" INCHES CU. FEET PERCENT
PRECIPITATION 39.00 (¢ 5.058) 141579.1 100.00
RUNOFF 0.014 ( 0.0540) 51.34 0.036
EVAPOTRANSPIRATION 15.929 ( 1.4156) 57823.64 40.842
PYS.OUT 5-29-96 2:54p Page 2 of 3 o
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..................................................................

(INCHES) (CU. FT.}
PRECIPITATION --é:lé ------- ;665:;66--
RUNOFF 0.217 787.2486
PERCOLATION/LEAKAGE THROUGH LAYER 2 2.195793 7970.72852
SNOW WATER 2.65 9621.7881
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2894
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0565

FRERNERARRE IR AR R bk kRN E R EARARRER AR TR ARNAA A AR EAANRARNNRE

FINAL WATER STORAGE AT END OF YEAR 1990

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

Ee!gs (INCHES) (voL/voL)

1 T 2.8320 T0.2360

2 7.4271 0.2063
SNOW WATER 0.000

ddrkdedbrkdkdrirddedrdeordeded ik dedr e drde e dr ok de sk e
WARWIRARAEN RN ek dedode b h

*hEENRARARR
tittt*tt!**Iti*lit****tﬁii*!ﬁ'iii*i*iiiiiii*I*iﬁ*l**‘ii*ttit**it**ti::::::::::

PY5.0UT 5-29-96 2:54p
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULY

SOIL DATA BASE USING SOIL TEXTURE # 6 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 3.%

PRECIPITATION DATA FILE: c:\uELps\pvtp-g; AND A SLOPE LENGTH OF  50. FEET,
TEMPERATURE DATA FILE: cE\HEtggtple-D13 SCS RUNOFF CURVE NUMBER = 65.70
SOLAR RADIATION DATA FILE: g;}HELP3\§¥lEZD11 FRACTION OF AREA ALLOWING RUNOFF = ~ $0.0  PERCENT
EVAPOTRANSPIRATION DATA:  — C:AMELESNRY oy AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
SOIL AND DESIGN DATA FILE: C:\HELFA\PYS-O/o EVAPORATIVE ZONE DEPTH = 18.0 _ INCHES
QUTPUT DATA FILE: c:\ pYé. INITIAL WATER IN EVAPORATIVE ZONE = 3.697 [INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 8.058 INCHES
» LOER LINIT OF EVAPORATIVE STORAGE = 1.164  INCHES
INITIAL SNOW WATER = 0.000 INCHES
TIME: 16: 8  DATE: 5/29/1996 INITIAL WATER IN LAYER MATERIALS = 5.792 INCHES
TOTAL INITIAL WATER = 5.792 INCHES
TOTAL SUBSURFACE INFLOW = 0.00  INCHES/YEAR
TITLE: Puysllup Kit Corner Lendfill Aneo A-6 EVAPOTRANSPIRATION AND WEATHER DATA
NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
SEATTLE WASHINGTON
: THE LAYERS AND SNOW WATER WERE
NOTE: INITIAL MOISTURE CONTENT OF DY THE PROGRAM. MAXIMUM LEAF AREA INDEX ‘ = 4.00
COMPUTED AS NEARLY STEADY-STATE VALUES START OF GROWING SEASON (JULIAN DATE) = 126
END OF GROWING SEASON (JULIAN DATE) = 287
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
LAYER 1 AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 75.00 %
________ AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 69.00 %
AVERAGE 38D QUARTER RELATIVE HUMIDITY = 70.00 X
TYPE 1 - VERTICAL PERCOLATION LAYER AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 79.00 %
MATERIAL TEXTURE NUH?SROO & INCHES
THICKNESS - 0.4530 VOL/VOL .
POROSITY = 0.1900 vOL/VOL NOTE: PRECIPITATION DATA FOR SEATTLE WASHINGTON
F[ELDNEA;G?;}Y = D= 0850 VOL/VOL WAS ENTERED FROM AN ASCII DATA FILE.
WAITIAL SOIL WATER CONTENT = 0.2250 VOL/VOL  w/sec
EFFECTIVE SAT. HYDﬁASE¥%-Cousucgi3§$30?21;ULT!pLIED BY 4.90
NOTE: SATURATED HYD VAPORATIVE ZONE. NOTE: TEMPERATURE-DATA WAS SYNTHETICALLY GENERATED US
FOR ROOT CHANNELS IN TOP HALF OF E COEFFICIENTS FOR  SEATTLE WASHINGTON
NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
LAYER 2 JAN/JUL FEB/AUG ~ MAR/SEP  APR/OCT  MAY/NOV JUN/DEC
-------- 39.10 42.80 44.20 @.70  55.00  e0.20
\oE 1 - VERTICAL PERCOLATION LAYER 64.80 64.10 60.00 52.50 44.80 41.00
TEXTURE NUMBER
MATERIAL Page 1 of 3 R

PY6.0UT 5-29-96 4:09p

SR B St A S O GO M A O OOy U LT T T U L
THICKNESS = 18.00_ INCHES

PRPP— FP— IR PRSP — PR TOROSITY = 8.0 INGHES

--------- P Gkttt FIELD CAPACITY = 00620 VOL/VOL

B PRS- - FIER capacir : SA2R VA

- ) e INITIAL SOIL WATER CONTENT = . 0.1718 VOL/VOL

- HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE " ERTECTIVE SAT. HYD. cOMD. | = 0.5 BVOLINOL e

wn HELP MODEL VERSION 3.01 (14 OCTOBER 1994) * 799999

* DEVELOPED BY ENVIRONMENTAL LABORATORY -

* USAE WATERWAYS EXPERIMENT STATION -

" FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
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NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR SEATTLE

STATION LATITUDE

WASHINGTON

= 47.50 DEGREES

~ TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

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

TOTALS

STD. DEVIATIONS

JAN/JUL

0.000
0.000

0.000
0.000

0.711
0.583

0.109
0.539

e v v e e e el AR Rk ik ik *

FEB/AUG MAR/SEP
4.82 3.56
0.77 1.48
1.64 1.13
0.47 0.90
0.001 0.000
0.000 0.000
0.004 0.000
0.000 0.000
1.139 2.175
0.562 1.388
0.135 0.218
0.317 0.728

PERCOLATION/LEAKAGE THROUGH LAYER 2

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

TOTALS

STD. DEVIATIONS

6 41775 1.9792

0.0709 0.0459  0.0331
1.5026 1.3272 0.9141

1 0.0064 0.0038

APR/CCT MAY/NOV

2.77 1.39
3.69 5.86
0.75 0.77
1.29 2.29
0.000 0.000
0.000 0.009
0.000 0.000

0.000 0.040

3.220 1.662
1.294 0.900
0.414 0.543
0.301 0.092

0.8782 0.3470
0.2207 4.0407

0.5481 0.1586
0.3905 2.3379

JUN/DEC

0.000
0.000

0.000
0.000

1.319
0.777

0.725
0.079

0.1298
5.5831

0.0407
1.5603

ki kA SRR RN AR wedrdedrde sk o

Renhk kN

AEARAETNREAARIARN

PRECIPITATION
RUNOFF
EVAPOTRANSPIRATION

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

39.00 ¢ 5.058
0.010 ¢ 0.0401)

15.929 ¢ 1.4156)

PY6.0UT 5-29-96 4:09p

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

141579.1 100.00

35.61
57823.64

0.025
40.842

PERCOLA
o IA?:éLEAKAGE THROUGH 23.03842 (  4.35443) 83629.461 59.06%907

CHANGE IN WATER STORAGE 0.025 ( 0.8303) 90.35 0.064

ARRRNRAR AR AR RN A sy s e Sede i de i A i R T A T AT AR Pk e s e it de e ek A AR
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PEAX DAILY VALUES FOR YEARS 1971 THROUGH 1990 FINAL WATER STORAGE AT END OF YEAR 1
_____________________________________________________________________________________________________________ R 1990
_(INCHES) - (CU. FT.) LAYER C(INCHES)  voLvoL)
PRECIPITATION 2.48 9002,400 1 " 2.8320 0.2360
. .2360
RUNOFF 0.168 609.3522 2 3.4574 0.192
. . 1
PERCOLATION/LEAKAGE THROUGH LAYER 2 1.681919 6105.36523 SNOW WATER 0.000
SHOW WATER 2.65 9621.7881 WRERERRRARRARAREREA RN AN AN AR AR ok ik "k
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2906 T
MINIMUM VEG. SOIL WATER {(VOL/VOLY 0.0565
:
PY6.OUT 5-29-96 4:0% Page 3 of 3 2



APPENDIXC

Field Investigation

Woodward-Clyde @
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APPENBIXC Field Investigation

The field exploration program consisted of drilling and installing five deep groundwater wells
(PKC-MWS$ through PKC-MW12), two deep multilevel gas monitoring probes (PKC-GP23 and
PKC-GP24), five shallow piezometers (PKC-MW13, PKC-MW 15 through PKC-MW!18), and
three interior gas monitoring wells (PKC-IGW1 through PKC-IGW3). The exploration locations
are shown on the Site and Exploration Plan (Figure 5-1). The explorations were advanced and
the wells and probes installed under the direction of a geotechnical engineer and/or geologist from
Woodward-Clyde Consultants. All drilling and installation services were performed by Tacoma
Pump & Drilling Company, Inc. of Graham, Washington, under subcontract to Woodward-Clyde
Consultants between March 11 and April 12, 1996. The borings were located approximately in
the field by pacmg/tapmg distances from nearby surface features. The explorations were later
surveyed by Symonds Consulting Engineers using traditional and GPS survey equipment. The
survey data is summarized in Appendix F.

At each boring location, sampling was performed using a 2-inch outside diameter split-spoon
sampler driven with a standard 140-pound hammer. A 3-1/2 inch O.D. split-spoon California
sampler was typically used in an attempt to obtain larger samples when drilling through coarse-
grained soils such as gravel. The larger shoe opening would allow more gravel to pass into the
sampler. Samples were obtained by driving the sampler 18 inches into the soil with a hammer
free-falling 30 inches. The number of blows required for each 6 inches of penetration is recorded.
This resistance or blows for the last 12 inches (blows per foot) provides a measure of the relative
density of granular soils and the relative consistency of cohesive soils. Ifthe high penetration
resistance encountered in the very dense soils precluded driving the total 18-inch sample interval,
the penetration resistance for the partial penetration is entered on logs as follows: if the
penetration is greater than 6 inches and less than 18 inches, then the number of blows is recorded
over the number of inches driven; 30 blows for 6 inches and 50 for 3 inches, for instance, would
be recorded as 80/9". The blow counts are shown on the boring logs at the respective sample
depths.

. The soils encountered during drilling were visually classified in the field by the engineer or
geologist in general accordance with the Unified Soil Classification System (USCS). The soil
samples were collected by the Woodward-Clyde engineer or geologist, placed in plastic bags, and
transported for observation and laboratory testing. The field classifications were checked in our
office after laboratory testing had been completed. The laboratory test results are summarized in
Appendix D.

In addition, pertinent information including soil sample depths, stratigraphy, and groundwater
occurrence were recorded. The drilling operation was also monitored for indication of various
drilling conditions, such as hard drilling and soft drilling. Sample rods were monitored for
indications of groundwater. Groundwater was accurately measured in all three borings while
hollow stem auger techniques were used. Drilling stopped for a short time until water levels
stabilized and then they were measured. Methane and hydrogen sulfide were also monitored
during drilling activities.

A key to the symbols and terms used on the boring logs is included on Figure C-1. Summary
boring logs are presented on Figures C-2 through C-16. The stratigraphic contacts shown on the
individual boring logs represent the approximate boundaries between soil types. The actual
transitions between soil units may be more gradual or abrupt. The soil and groundwater
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Fieldl Investigation - APPENBIXC

conditions depicted are only for the specific dates and locations reported, and therefore are not
necessarily representative of other locations and times.

The following sections summarize informaticn and equipment used for the different explorations.

Deep Monitoring Wells

The monitoring wells were constructed in accordance with the regulations described in WAC
173-160, Minimum Standards for Construction and Maintenance of Wells. The borings were
drilled between March 21 and April 15, 1996, and the monitoring wells were installed between
March 25 and April 12, 1996.

The borings were advanced using a Foremost DR24 air rotary drill rig which advanced 8-inch
diameter steel casing by rotation methods. The drill bit consisted of a 7-7/8 inch tricone button
bit equipped with 2-inch hole for inhole sampling purposes. A 7-7/8 inch drag bit with 3-inch
inhole sampling capabilities was also used to expedite 3-inch sampling requirements. The five '
deep groundwater monitoring wells were advanced to depths between 128 and 196.5 feet below
the ground surface (bgs).

The monitoring wells were installed using a cable tool drill rig. The wells were constructed using
new flush-threaded, 4-inch, schedule 80 PVC casings and screens. The well screen consisted of
factory-slotted (0.020-inch) pipe designed specifically for use in groundwater monitoring wells. A
threaded end cap was attached to the bottom of each well screen, and the pipe was placed into the
boring through the inside of the casing. No glues, chemical cements or solvents were used to
assemble the well construction materials. A clean, nongraded sand filter pack was placed into the
annular space around the well screen from the bottom of the boring to approximately 2 to 4 feet
above the top of the screened interval. A bentonite plug (3/8-inch chips) of at least 3 feet in
thickness was placed above the sand pack, and a seal of bentonite-cement grout was installed
from the top of the bentonite plug to grade level (concrete at surface). Flush-to-grade well
monuments were used along the paved access road for PKC-MW8, PKC-MW9, and PKC-
MWI11. Wells PKC-MW10 and PKC-MW 12 were constructed with 8-inch diameter steel
standpipe monuments protected by three 3-inch bollards. All monuments were cemented in place.

Following construction, the monitoring wells were developed by surging and overpumping.
Approximately ten well volumes of fluids and sediment were bailed from each well. Waters
produced during well development were placed into DOT-approved-55 gallon closed-top steel
drums (17H). The development water was transported to the central staging area on the north
side of the landfill within the fenced boundary.

The boring logs for the deep monitoring wells are presented on Figures C-2 through C-6.
Following each boring log is a monitoring well construction log summarizing the details of each
well completion.

Shallow Piezometers

The borings were drilled and shallow piezometers installed between March 11 and 14, 1996. The
borings were advanced using a Mobile B-61 HDX hollow stem auger drill rig equipped with 4-1/4
inch I.D. auger and an 8-1/2 inch carbide bullet with spade drill bit. The five shallow piezometers
were advanced to depths between 26 and 38.2 feet bgs. Borings PKC-MW13, PKC-MW15,
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APPENDIXC _ Field Investigation

PKC-MW17, and PKC-MW 18 were drilled through refiuse. Boring PKC-MW16 was the only
shallow piezometer boring not drilled through refuse. No boring was performed for PKC-MW1I14.

The shallow piezometers were constructed using new flush-threaded, 2-inch, schedule 40 PVC
casings and screens. The well screen consisted of factory-slotted (0.010-inch) pipe designed
specifically for use in groundwater monitoring wells. A threaded end cap was attached to the
bottom of each well screen, and the pipe was placed into the boring through the inside of the
hollow stem augers. No glues, chemical cements or solvents were used to assemble the well
construction materials. A 2 to 4 foot bentonite plug (3/8-inch chips) was placed at the bottom of
all the borings prior to constructing the piezometers. A clean filter pack composed of 10/20 silica
sand was placed into the annular space around the piezometer screen from about 0.5 to 1 foot
below the bottom of the casing to approximately 2 to 3 feet above the top of the screened
interval. A bentonite seal (3/8-inch chips) was installed from the top of the sand pack to grade
level (concrete at surface). All of the shallow piezometers were constructed with 8-inch diameter
steel standpipe monuments, locked, and protected by three 3-inch bollards. All monuments were
cemented in place. Compression caps (J-plugs) were installed on all the piezometer casings. The
casing were later fitted with slip caps and labcocks for gas monitoring purposes.

The boring logs for the shallow piezometers are presented on Figures C-7 through C-11.

Multi-level Gas Probes

The deep multi-level gas probe borings were drilled from March 11 to 15, 1996 and the probes
were installed between March 18 and 21, 1996, Drilling, sampling, and installing of the deep
multi-level gas probes utilized the same drill and installation rigs and sampling equipment as
described above for the deep groundwater wells. The multi-level gas probes were drilled to
depths of 124.5 and 124 feet, for PKC-GP23 and PKC-GP24, respectively.

Five gas probes were installed in each boring, with each probe having a specific screened interval.
The probes are labeled A through E, with A being the shallowest screened interval and E being
the deepest screened interval. The multi-level gas probes were constructed using new flush-
threaded, 3/4-inch, schedule 80 PVC casings and screens. The screen consisted of factory-slotted
(0.020-inch) pipe. A threaded end cap was attached to the bottom of each gas collection screen,
and the pipes were installed into the boring through the inside of the casing. No glues, chemical
cements or solvents were used to assemble the probe construction materials. A clean filter pack
consisting of pea gravel was placed into the annular space around the probe screen from about
one foot below each screened interval to about 2 feet above each screened interval. A bentonite
plug (3/8-inch chips) of about 5 feet in thickness was placed above and below each screened
interval within the boring. The multi-level gas probes were completed by attaching a labcock to
the top of each probe, identifying each probe, and installing a 12-inch diameter steel standpipe
monuments protected by three 3-inch bollards. Both monuments were cemented in place and
locked for protection. '

The boring logs for the multi-level gas probes are presented on Figures C-12 and C-13.
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Field Investigation "~ APPENDIXC

Interior Gas Wells

The three interior gas wells were drilled and installed within reuse of the main landfill body
between March 15 and 19, 1996. The borings were advanced using a Mobile B-61 HDX hoilow
stem auger drill rig equipped with an 8-1/2 inch LD. augers and a 13-1/2 inch carbide bullet drill
bit. The three interior gas wells were advanced to depths between 26 and 43.5 feet bgs. All three
borings were drilled through refuse.

The interior gas wells were constructed using new butt fusion welded 4-inch, SDR 11, HDPE
casings and screens. The well screen consisted of machined 1/4-inch pipe designed specifically for
the gas collection within the refuse. An end cap was butt-fusion welded to the bottom of each
well screen, and the pipe was placed into the boring through the inside of the hollow stem augers.
No glues, chemical cements or solvents were used to assemble the well construction materials. At
least 7 feet of bentonite plug (3/8-inch chips) was placed at the bottom of the borings prior to
constructing the interior gas wells. A clean filter pack composed of “-inch gravel was placed into
the annular space around the well screen from about 0.5 feet below the bottom of the casing to
approximately one foot above the top of the screened interval. A bentonite seal (3/8-inch chips)
was installed from the top of the gravel pack to grade level (concrete at surface). All of the
shallow piezometers were constructed with 8-inch diameter steel standpipe monuments, locked,
and protected by three 3-inch bollards. All monuments were cemented in place. Compression
caps (J-plugs) were installed on all the interior gas well casings. The casing were later fitted with
slip caps and labcocks for gas monitoring purposes.

The boring logs for the interior gas wells are presented on Figures C-14 through C-16.
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Project: Puyallup / Kit Corner Landfill Key to Log of Boring
Project Location: King County, Washington -

Project Number: 954026NA Sheet 1 of 3
SAMPLES 5
g g g
=4 « - o a
8 . g legl 5 (2 MATERIAL DESCRIPTION _ |5 E »| REMARKS AND
Q w o
u;ng 8?_’ E g gg Lg) gg, w r=2¢ 5| FIELD / LAB TESTS
- Z2 fjoox| @ |03 ES
i Dense, moist, brown, SILTY SAND (SM).
PID = O ppm.
[sofid line denotes observed contact between strata or
. .abrupt change in soil typel
[dashed line denctes inferred contact between strata or |
gradational change in soil type]
1 a0 34 Sample collected in 3-inch-diameter 16 LL=45, PI=10
California split-spoon sampler. MC=22
SA=32
Y 2 85 37 Sample collected in 2-inch-diameter Standard . 70
\ Penetration Test {SPT) split-barrel sampler.
N o
3 | 100 | Push Sample collected in Shelby tube. 7 Hard drilling.
Grab sample. 50
0 |[50/6" Grab sample collected where there ' 0
was no recovery from driven sampler.
Perched wateryZ
Groundwater level measured during drilling X
(51| [€] [o] [17]

'COLUMN DESCRIPTIONS

|I] Elevation: Elevation (in feet) referenced to Mean Seal Level (MSL).

EI Depth: Distance (in feet) below the ground surface. ‘
E] Sample Type: Type of soil sample collected at depth interval depicted; symbols explained above.
E Sample Number: Sample identification number.

E] Percent Recovery: Percentage of sample recovered for given sample interval; blank if not recorded.
@ Sample Blows/foot: Number of blows required to advance driven sampler 1 foot, or distance indicated,

using a 140-ib hammer with a 30-inch drop. " * " indicates blow count for initial
6-inch seating interval of sampling only.

Graphic Log: Graphic depiction of subsurface material encountered; symbols explained
on Sheet 2 of Key.

Material Description: Description of subsurface material encountered, including USCS soil designation.

% LEL: Percentage Lower Explosive Limit (LEL).
Well Completion Log: Graphic depiction of well construction; symbols explained on Sheet 3 of Key.

Remarks and Tests: Comments or observations regarding drilling/sampling made by ‘driller
or Woodward-Clyde Consultants' field personnel. Field and lab test results
are presented in abbreviated format; see Sheet 2 of Key for abbreviations used.

1

-

HE RN

GENERAL NOTES

1. Soil classifications are based on the Unified Soil Classification System (USCS} and include consistency or
relative density (where standard blow count correlation is possible), moisture, and color. Field descriptions
may have been modified to reflect results of laboratory tests.

2. Descriptions on these boring logs apply only at the specific boring locations and at the time the borings were
advanced. They are not warranted to be representative of subsurface conditions at other locations or times.

. . Figure C-1
TI/25/6 Template: TWL1IK Proj (D; KEV Powt: KEYWL1J Woodward-CIyde Consultants e -



Project: Puyallup / Kit Corner Landfill Key to ILOg of Boring
Project Location: King County, Washington

Project Number: 954026NA Sheet 2 of 3

ABBREVIATIONS FOR TEST RESULTS LISTED IN
“REMARKS AND HHD / LAB TESTS" COLUMN

MC=22 Moisture content, test result in percant
DD=105 Dry density, test result in pcf

LL=45 Liquid limit, test result in percent

Pl=22 Plasticity index, test result in percent
SA=32 Sieve analysis, percent passing No. 200 sieve
WA =99 Wash analysis, percent passing No. 200 sieve
HYD H{rdrnmeter analysis

PERM Permeability or flexible-wall hydraulic
conductivity test, test result (k) in cm/sec

PID=0 Photoionization Detector reading, in parts per
million

UNIAED SOIL CLASSIRCATION SYSTEM
SYMBOL VERSUS CORRESPONDING GRAPHIC LOG

SILT - ML

/ Lean (low-plasticity) CLAY - CL
Elastic SILT - MH
7/} Fat thigh-plasticity) CLAY - CH
y

A Lean to fat CLAY - CL/CH

. SILTY CLAY - CL-ML

. Well-graded GRAVEL - GW
Poorly graded GRAVEL - GP
CLAYEY GRAVEL - GC
SILTY GRAVEL - GM
Well-graded SAND - SW
Poorly graded SAND - SP
CLAYEY SAND - SC

SILTY SAND - SM

Well-graded GRAVEL with CLAY - GW-GC
Well-graded GRAVEL with SILT - GW-GM
Poorly graded GRA_VEL with CLAY - GP-GC
Poorly graded GRAVEL with SILT - GP-GM

SILTY, CLAYEY GRAVEL - GC-GM
Well-graded SAND with CLAY - SW-SC

Well-graded SAND with SILT - SW-SM

Poorly graded SAND with CLAY - SP-SC

Poorly graded SAND with SILT - SP-SM

SILTY, CLAYEY SAND - SC-SM

J30y

. Figyre Cc-1

. ‘
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Project: Puyallup / Kit Corner Landfill
Project Location:-

Project Number:

. : Key to Log of Boring
King County, Washington

954026NA ‘ ' Sheet 3 of 3

SYMBOLS USED IN WHL COMPLETION LOG

CONCRETE

BENTONITE-CEMENT GROUT

BENTONITE CHIPS

BENTONITE PELLETS

SAND PACK

PEA GRAVEL

SLOTTED PIPE IN SAND PACK

PIPE END CAP

SLOUGH

N

T1725/96 Template; 1WLIJK Proj 10: KEY Point: KEYWL1J WOOdward-CIYde Consultants

ga Figure C-1
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Project:
Project Location:

Puyallup / Kit Corner Landfill
King County, Washington

Log of Borlng PKC-MW 8

A—
11/25/38 1WL1J PKCLF

Woodward-Clyde Consultants

Project Number: 954026NA Sheet 1 of 4
Date(s) 4/5/96 and 4/8/96 g39ed 4. McKenna ghocked D. Haddock
Drillin : Drill Bit ot Surface
Methc?d Air Rotary Size/Type 7-7/8-inch tricone button bit Elevation (feet) 302.4
Drill Rig - i -
T;'pen'g Foramost DR24 g{;lled Tacoma Pump & Drilling E?ifl?dn(‘f;g;g 128.0
Depth to Ground-  First  |Completion; 24 Hours | Hammer Weight/ Sampler
water (feet, bgs) | 106.5 | 100.4 | 99.6 | Drop (Ibsfin. 140730 Tvos SPT
Diameter of Diameter of Type of Screen 5
Hole linches) & Well linches) 4 Well Casing  Schedule 80 PVC Perforation  0-020-nch slot
Type of - Type of  Bentonite chips 103.9-96.7 ft, bentonite-cement grout 96.7-1 ft,
Sand Pack 10/20 Colorado Silica Seal(s) concrete 1 ftl;o surface g
Comments Frontage Road
SAMPLES 5
< = ko
S R = 8 s N
8, £ 8 les| 5 |8 MATERIAL DESCRIPTION _, | 3Eo| REMARKS AND
83 2813 €88 : |8o I |23 FELD /1AB TESTS
w [*=4 =1 S o -
= o ez |8 ® |68 R Ao
e % Very dense, dry to moist, medium dark brown, SILTY Started driiling at
. GHRAVEL with SAND (GM); ~60-70% fine to coarse, 1000 hrs on 4/5/96.
angular to subrounded gravel consisting of quartzite,
300 1 basalt, highly altered diorite, metaconglomerate, and
green metasedimentary clasts, fine- to coarse-grained
) sand.
5—
-295 ]
b i—lncreasing fine gravel.
10 P 7 I e e EEE R LR e
B 1 . Very dense, dry to moist, medium to light brown,
4 ‘AL GRAVELLY SILT with SAND to SILTY GRAVEL with
" [ SAND (ML/GM); fine to coarse, subangular to subrounded
| 590 h . s gravel, fine-grained sand with some coarse grains.
1 ‘w—Becomes grayish brown.
15
285 ]
] 0
20
280 |
1 -;—Increasmg silt, decreasing sand content
25—
L 276 | N S O
. Very dense, moist, grayish brown, poarly graded GRAVEL
2 with SILT and SAND (GP-GM); fine to coarse, subangular
1 to subrounded gravel, some rounded cobbles, fine- to
30 coarse-grained sand.

Figure C-2
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Project:
Project Location:

Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-MW 8

i Sheet 2 of 4
Project Number: 954026NA . ‘
SAMPLES _5
g 15 H /
0 . - o
5 £ g |ggl $ |2 MATERIAL DESCRIPTION _, | 5 E »| _REMARKS AND
58 88|y €83 = ‘ém \ © |2 35| FIELD / LAB TESTS
w o 3| o .
- 3(‘}' £z || @ |63 : ES
. | Very dense, moist, grayish brown, SILTY GRAVEL with
1+ SAND (GM); fine to coarse, subangular to subrounded E
gravel, some rounded cobbles, fine- to coarse-grained
| 270 sand.
J Y] Perched water table
iy . - measured at 34 ft at
35— ; :‘-L——Increasing sand content. _ ' -1 ;ift?:gr;:)sr !’Znhtflgs after
| 265 1 “Very dense, moist to wet, brown, poorly graded GRAVEL |
] with SAND (GP}; “90% fine, subrounded to rounded 4 ; .
gravel, coarse-grained sand with some medium grains, Iz Driller pulled drill stem
g \trace silt. 2 d out - very wet, muddy.
40 Very dense, wet, brown, SILTY GRAVEL with SAND i
{GM); fine, subrounded to rounded gravel, coarse-grained
i _sand. -
Very dense, wet, brown, poorly graded GRAVEL (GP});
1 ~89% fine to coarse, subangular to rounded gravel .
-260 consisting of diorite, granite, andesite, basalt, schist, and
1 marble(?), trace medium- to coarse-gramed sand, trace
silt.
45— =
] b Very dense, moist to wet, brown SILT {ML)}, with Water coming out of
—Z o ooz 1] ~10% coarse-grained sand to fine gravel; occasional E cyclane; intact silt chunks
—2565 : [.4:| lenses of brown and gray, medium- to coarse-grained in cyclone are only
\ =11 sand. E slightly moist inside.
0 (7501 .
50 - : .
\: 5 | 100|100/4 Very dense, moist, orange, SILTY GRAVEL with SAND _40% of sample slough;
: (GM); “60% fine gravel, with some coarse gravel and 5 silt around most sand
coarse-grained sand. grains and gravel; dry
1 . ‘ - inside intact silt chunks.
—250 $) ‘—Becomes light brown; increasing sand content, fine- Very slow drilling -
1 to coarse-grained. 1 50-55 ft.
] % &% Very dense, moist, brown, poorly-graded GRAVEL with i
55 % Veryd b ly-graded GRAVEL with 0
®: g‘, SILT and SAND {(GP-GM); “60-95% fine to coarse,
Hyly subrounded to rounded gravel, medium- to coarse-grained
1 ¥ isl sand with trace fine grains; varying proportions of
—245 v coarse-grained sand and fine gravel. i
i"
g . : -
60— 3 5; il
] 2 § ]
8y
‘SL
240 3y
T ] ‘an T
] 2y i
. : ‘5
65— -l 4
3
] % 4
J & ]
—235 2
70

N ———————
11/25/36 1WL1J PKCLF

Woodward-Clyde Consultants

\ Fig_;ure c-2
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Project:
Project Location:

Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-MW 8

hee—————
11/25/96 tWL1J PKCLF

¢

Woodward-Clyde Consultants

Project Number: 954026NA Sheet 3 of 4
SAMPLES S
< = %
S . |- 8 a
8. E£_| Bles| 5 |2 MATERIAL DESCRIPTION _ |3 E | REMARKS AND
g:g g%ls €83 £ |8, @ |28 S| FIELD / LAB TESTS
L= N =] -~ [ .
70 & zlédd| m [GS i ®
- Very dense, moist, brown, poorly graded GRAVEL with Y
g 9 SILT and SAND (GP-GM); “60-95% fine to coarse, .
:' subrour_!ded to ropnded _gravel. rr!edium- to coarse-grained
L 230 4 sand with trace fine grains (continued).
75— 2 i
i Very dense, moist, brown, poorly graded SAND (SP), fine-
J | to medium-grained, with ~10% coarse, subangular to -
225 subrounded gravel, trace silt. : (¢} Enqlg,%grir‘ﬂing for 4/5/96
4 D i B . at rs.
£— ecreasing gravel content (occasional clasts) Resumed driling o
J L 1 4/8/96 at 1000 hrs.
80— - _
220 | [ 1
85— - ]
-215 | [ 1
90— - .
L 210 b ‘—-Slightly increasing gravel content to “5%. 1 Driller noted more gravel.
95— — |
r—Becomes very moist. b
205 ] I .
] I 1 o
100‘%}5 ‘—Becomes grayish brown. - SA=3
\
200
1 i Becomes wet. ) Water observed on
J L ! . outside of casing during
drilling.
106+ i T 1- to 2-in. chunks of gray
i ' : ; e _ silt in cyclone.
r—g?::gles gray, with occasional chunks of gray silt; no ; Water Lvel measured at
L - ) E 106.5 ft bgs at 1140 hrs
—-195 on 4/8/96.
110

Figure C-2




Project: Puyallup / Kit Corner Landfill Log of Boring PKC-MW 8
Project Location: King County, Washington ' ‘
: . Sheet 4 of 4
Project Number: 954026NA ,
SAMPLES 5
g 5 5
o . > a
8 S | ©lgs S e MATERIAL DESCRIPTION , |5 Ew| REMARKS AND
38 §§ 2 £|88] 2 ‘ém : @ |23 5| FHELD / LAB TESTS
W Y b o [t .
110 ~.2 |88 & |68 ® :
s Very dense, wet, gray, poorly graded SAND (SP), fine- to
medium-grained; occasional chunks of gray silt
{continued).
190
115 i
-185 ]
] o 3
120 i
180 ]
125 -
176 ] -
4 L Bottom of boring at 128.0 feet. J I;ng?‘d drillir‘r‘g}ealg 6
' 7S on N
" 130 - =
170 |
135 L : A
165 I
140 - -
-160 ) ]
145 | - .
155 I
150 .
a Figure C-2
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Project: Puyallup / Kit Corner Landfill

Project Location: King County, Washington

Project Number: 954026NA

CONSTRUCTION LOG
FOR MONITORING WELL
IN BORING PKC-MW 8

Location Cable tool rig, using tremie pipe

Date(s) Installed 4/12/96

Installed By Tacoma. Pump & Drilling

Observed By

J. McKenna Total Depth (ft bgs)

128.0

Method of Installation

Cabl\e-tool rig, using tremie pipe

Screened Interval 185.3 - 195.3 ft MSL

Completion Zone

Sand Aquifer

Remarks

Metal plate mounted to top of riser bipe for groundwater sampling purposes.

NOTE: DIAGRAM IS NOT TO SCALE

Boring Diameter:

8 inches

Strap-on Centralizer(s) at:

<€—Ground Elevation:

Elevation of Top of Metal Plate:

epth of Riser Below Ground Surface:

301.82 ft MSL

0.58 ft

302.40 ft MSL

Type of Surface Casing:

[

Vaa'aa'a’a’a’s’ va'ata'a'e's's

LAXX LT EXT A A AL AL

Steel flush-mount surface monument

Type of Surface Seal:

Concrete

}——Flevation of Surface Seal:

301.4 ft MSL

ID/Type of Riser Pipe:

Nominal 4-inch threaded Schedule 80 PVC

Type of Backfill:
Bentonite-cement grout

Elevation of Seal:

205.7 ft MSL

Type of Seal: :

AN

Enviroplug coarse bentonite chips

194-195 ft MSL
185-186 ft MSL

Elevation of Top of Filter Pack:

=—Flevation of Top of Screen:

198.5 ft MSL
195.3 ft MSL

Type of Filter Pack:

10/20 Colorado Silica

ID/Type of Screen:
4-inch Schedule 80 PVC

Screen Slot Size:
0.020-inch

[ ¢——Flevation of Bottom of Screen:
€——Elevation of Bottom of Plugged Blank Casing: 185.2 ft MSL

185.3 ft MSL

Type/Depth of Seal Below Well:

//44

None

Borehole Backfill Below Well:
Slough to total depth

- .
Pamed 11725795, - oo Temer et~ Woodward-Clyde Consultants e

Bottom of Borehole: .. ... .. .

174.4 ft MSL

‘Figure C-2




Project:
Project Location:

Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-MW 9

11/25/96 1WL1J PKCLF

Woodward-Clyde Consultants

Project Number: ~ 954026NA Sheet 1 of 5
4
Date(s) 4/1/96 - 4/4/96 5o09ed  J. McKenna Ghecked D. Haddock
Drilling s Drill Bit = P Surface
Method Air Rotary Size/Type 7-7/8-inch spade bit {4 teeth} Elevation {feet) 334.9
?;i::leRig Foremost DR24 g"j""d Tacoma Pump & Drilling g?iflaeldo(?g;?l 186.0
Depth to Ground-  First  {Completion| 24 Hours | Hammer Weight/ Sampler e
water (feet, bgs)i 132.5 - - Drop (Ibsfin.) 140/ 30 Tw:uap SPT and California
Diameter of Diameter of Type of Screen
Hole finches) & Well (inches) 4 Well Casing  Schedule 80 PVC Perforation  0-020-inch slot
Type of . Type of  Bentonite chips 182.2-180 ft, 172-167.6 ft, 135.5-130.5
Sand Pack  10/20 Colorado Sifica Seal(s)  ft; bentonite-cement grout 130.5-1 ft; concrete 1 ft to surface
Comments Frontage Road, 400 ft south of PKC-MW11
SAMPLES b
g g 8
2 . > I+ Q
8_ £ glesl 5 |2 MATERIAL DESCRIPTION , |5 Ew| REMARKS AND
5% §§ 2 E|88 3 |8, ' @ |23 8| FELD / LAB TESTS
(1] 2 =81 © il
s o £ 2 |d2]| @ [63 ® Can |
. - Very dense, dry to moist, brown, pootly graded GRAVEL Started drilling on 4/1/96.
R ®: with SILT and SAND (GP-GM); “50% gravel and )y
vy subrounded to rounded cobbles {consisting of
1 @ ~20% basalt and andesite clasts), fine-grained sand.
~ >
—330 5 ; *
1 . : D i bbl
X ' ] { eoreasing cobbles. 4- to 7-in. intact clumps
1 Y §—Becomes maist to wet; “80% subangular to of sandy silt in cyclone.
305 - subrounded gravel, fine-grained sand with occasionat
10 2 0 50/0.6" ._ : coarse grains. No clay according to field
E ~ hydrometer test; water
Y clear after 10 min.
‘" r—Becomes moist.
—320 16— X Gravel becomes finer ("50% fine gravel, . ,
3 .” v ~30% coarse gravel and cobbles). ::gs:mg:‘: of silt and
—315 20 rryh <344
4 0 |RO/4 -,
_ :
8
3 »,
-310 25 e e __ N . -
5 < Very dense, moist, brown, poorly graded GRAVEL with Very difficult drilling
] g SILT and SAND to poorly graded SAND with SILT and 25-29 ft; abundant rocks.
GRAVEL (GP-GM/SP-SM); ~“50% fine, subrounded gravel
L .S with some coarse, subangular clasts, consisting mostly of
a_ltered \_lolcanics and metamorphics with some basatt,
) Jine-grainedsand. Siit blowing profusely out
1 Very dense, moist, light brown, SILTY GRAVEL to of cyclone,
GRAVELLY SILT {GM/ML).
305 30
Figure C-3

¢




Project: Puyallup / Kit Corner Landfill
Project Location: King County, Washington

Log of Boring PKC-MW 9

. Sheet 2 of 6
Project Number: 954026NA _
SAMPLES 5
¢ 3 3
2 . < - a
® . £ g |est 5 |8 MATERIAL DESCRIPTION _, |3 E | REMARKS AND
g% 88ls £ |88 2 |E, @ (28 8| FIELD / LAB TESTS
w = [m Py = S _° e
30 e z|8c| 8 (68 ®
g 0 _1BO/1"* Very dense, moist, light brown, SILTY GRAVEL to
1 I GRAVELLY SILT (GM/ML)} (continued). .
300 35-pmr— T
T ’ T Ended drilling for 4/1/96
__________________________________________________________ at 1615 hrs.
Very dense, moist, orange-brown, poorly graded GRAVEL 0 Resumed drilling on
1 with SAND {GP); ~70% fine to coarse, subrounded to - 4/3/96 at 0850 hrs.
rounded gravel {consisting of “60% basalt and andesite
clasts), fine- to medium-grained sand, trace silt. b
295 40T ton e 7
: |
— e —
290 45 3 i Gravel becomes angular to subrounded. Possibly more gravel:
J J difficult to determine in
cyclone.
1 1
] ¢ 4
285  50: " Very dense, moist, orange-brown, SILTY GRAVEL with .
J 10 40 70 SAND (GM); fine to coarse, subangular gravel, Very fast, easy drilling to
N ] about 80 ft.
N\ .
1 h
"F280 55— o ad®
11 = 41 Very dense, moist, orange-brown, GRAVELLY SILT with
-]+ SAND (ML), “10-20% fine to coarse, subangular to g
f “1 subrounded gravel, fine- to medium-grained sand.
1 40 . ,
Ahl |
) * [
i RS
275 .60‘@ 12| 0 |50/ || |1 ]
cler J
il Very dense, moist, brown, poorly graded SAND with
—270 65— - GRAVEL (SP); medium- to coarse-grained sand, -
13 ~20% fine to coarse, subangular to subrounded gravel,
b trace siit.
] "Very dense, moist, brown, poorly graded SAND (SP), fine- |
R to medium-grained, with occasiona! gravel. ’ E
265 70_@ 14 0

Aa

igure c-3

11/25/96 1WL1J PKCLF

Woodward-Clyde Consultants &




Project: Puyallup / Kit Corner Landfill '
Project Location: King County, Washington

Log of Boring PKC-MW 9

250 85—y

240 95—@71 3

245 90BN T5 o [0

Very dense, moist, brown, poarly graded GRAVEL with

SAND (GP); ~50% mostly fine, subrounded to rounded i
gravel consisting of roughly equal proportions of basalt,
diorite, granite, and green sedimentary clasts, fine- to 1
medium-grained sand, trace silt.

' VL—Becomes ~“80% fine to coarse, subangular to 1

subrounded. gravel, with fine-grained sand and silt;
trace medium- to coarse-grained sand.

by VL—Becomes moist to wet. 1

r—Becoﬁes “90% mostly fine gravel, occasional 1
cobbles, coarse-grained sand.

" "Very dense, moist to wet, brown, poorly graded SAND |
with GRAVEL (SP); coarse-grained sand, ~30% gravel. —

Very dense, moist to wet, brown, poorly graded GRAVEL

sand, trace silt.

with SAND (GP); “60% gravel, medium- to coarse-grained -

Project Number: 954026NA Sheet 3 of 5
SAMPLES s
< - = 5
S R > 8 -
g £ Bleel 5 |2 MATERIAL DESCRIPTION _ |3 E o| _REMARKS AND
%E §§ = §g g [~ 3 w 2O 5| FIELD / LAB TESTS
— >~ 3 - [
70 E Z|dg| o |63 &
J 15 | 10 [80/0" Very dense, moist, brown, poorly graded SAND {SP), fine-
E to medium-grained, with occasional gravel (continued).
260 75— \ .
] ""Very dense, moist, brown, poorly graded SAND with |
E GRAVEL (SP); fine- to medium-grained sand with E
! occasional coarse grains, ~30% mostly fine, subangular .
265 80BN —F 5 [mEel. to subrounded gravel, trace silt. I

Hard, slow drilling.

235 100 0. 175/67" : T One cobble-size andesite
1 \ VL—-Decreasing gravel content. E :rr:\tplr:fovemd in
1 " Very dense, moist to wet, brown, poorly graded SAND | Driller noted abrupt
1 with GRAVEL (SP); fine- to medium-grained sand, 1 change to very easy
“40% fine, subrounded to rounded gravel, drilling.
230 105 0 -
—225 110 i
a Figure C-3

——
11/25/96 1WL1J PKCLF

Woodward-Clyde Consultants L




Project: Puyallup / Kit Corner Landfill Log of Boring PKC-MW 9
Project Location: King County, Washington oot 4 of 5
Project Number: 854026NA Sheet 4 o
SAMPLES 5
3 T3 £
5= 5 (28] £ | MATERIAL DESCRIPTION L |sEs| REmarks anp
a% 8%|zs E |83 2 |5, @ |23 5| FELD 7 LAB TESTS
me o« o k>4 —
110 e 2|82 = {63 ®
B2 0 B/4.5°1 Very dense, moist to wet, brown, poorly graded SAND
g - (SP), fine- to medium-grained, with ~10% fine to coarse
gravel.
7 r"'—Decreasing gravel content.
. 1 i 0
—220 1156 —‘—Occasional fine to coarse gravel. -
—215 120 — =
J L
—210 125 - -
4 I
-205 130—m 57 ‘—Becomes wet. 1
1 A 4 Awater level measured at
J = 774132.5 ft bgs at 0800 hrs
[ /|on 4/4196.
—200 135— -
Ended drilling for 4/3/96
d at 1615 hrs.
Resumed drilling on
J 4/4{96 at 0930 hrs.
L 195 140t i oo iiiiiiieeaeaias
140 23 Very dense, wet, brown, poorly graded SAND with SILT SA=39
{SP-SM), fine- to medium-grained.
=190 145
185 150 -
T Figure C-3

11/25/36 1WL1J PKCLF

Woodward-Clyde Consultants &g



Project: Puyallup / Kit Corner Landfill Log of Boring PKC-MW 9
Project Location: King County, Washington

Project Number: 954026NA _ Sheet 5 of b
SAMPLES G
: 3 <
= -~ il - o
8§, £_.| BlEgl 5 (L MATERIAL DESCRIPTION |5 E »| REMARKS AND
28 gole £ |88 2 [s @ (2SS FIELD / LAB TESTS
wE a2ls 5 |58| o |89 . |
150 - Z | m Qa -3
Sl Very dense, saturated, brown, poorly graded SAND with e,
E L SILT (SP-SM), fine- to medium-grained {continued). 1
] "Very dense, wet, gray, poorly graded SAND (SP), fine-to | . Sand is denser; color
—180 155 medium-grained. 4 = change very abrupt,
o I. distinct.
24 .
J , i
160 r—gi:t::;:?a{ soft, gray silt chunks, 0.5 to 1 inch Occasional small (0.5- to
] : g 1.5-in.) chunks of stiff,
dry, gray silt with sand
. R observed 160-176 ft.
J _ .
170 1(55—m T3 4
165 170 .
1 1o
-160 175 4
b r—Abundant 1- to 2-inch lengths of wood. E Driller noted drilling as if
J R through gravel, but only
wood in cyclone.
b "L—More abundant, larger pieces of wood. 1
—165 180 —‘—Abundant chunks of hard, gray clay, 1 to 5 inches = SPT at 182 ft not
diameter. : collected; sloughing sand
) in sampler,
Finished drilling at
BN 26 [ 100 [ 40/6" ¥/ 1230 hrs on 4/4/96.
% 27 | 100 [85/10” / ] Hard, wet, gray CLAY {CH). ] Re-entered barehole on
/ 4/5/96 to collect Shetby
P L . J tube sample. :
28 | 100 | Push ’ MC=31
150 185 /_ 4 WA =99
7 ‘ PERM k=1E-08
4 L Bottom of boring at 186.0 feet. ]
] L .
-145 190

ga Figure c-3

TR Woodward-Clyde Consultants &



Project: Puyallup / Kit Corner Landfill

Project Location: King County, Washington
Project Number: 954026NA

CONSTRUCTION LOG
FOR MONITORING WELL
IN BORING PKC-MW 9

Location Cable tool rig, using tremie pipe Date(s) Installed 4/5/96 and 4/9/96
Installed By Tacoma Pump & Drilling Observed By J. McKenna Total Depth {ft bgs) 186.0
Method of Installation  Cable-tool rig, using tremie pipe

Screened Interval 186.1 - 196.1 ft MSL Completion Zone Sand Aquifer

Remarks Metal plate mounted to top of riser pipe for groundwater sampling purposes.

NOTE: DIAGRAM IS NOT TO SCALE

————Elevation of Top of Metal Plate:

<«€——Ground Elevation:

epth of Riser Below Ground Surface:

334.45 ft MSL

0.48 ft

334.93 ft MSL

Type of Surface Casing:

Steel flush-mount surface monument

Type of Surface Seal:

=
30545000 0084-04040 00

l—Elevation of Surface Seal:

Concrete

333.9 ft MSL

ID/Type of Riser Pipe:

Boring Diameter:

8 inches

———Flevation of Seal:

Nominal 4-inch threaded Schedule 80 PVC

Type of Backfill:
Bentonite-cement grout

204.4 ft MSL

Type of Seal:

Strap-on Centralizer{s) at:

195-196 ft MSL
186-187 ft MSL

Enviroplug coarse bentonite chips

g——FElevation of Top of Filter Pack:
¢——Elevation of Top of Screen:

199.4 tt MSL
196.1 ft MSL

Type of Filter Pack:
10/20 Colorado Silica

ID/Type of Screen:
4-inch Schedule 80 PVC

Screen Slot Size:
0.020-inch

f——FElevation of Bottom of Screen:
.{——Flevation of Bottom of Piugged Blank Casing: 186.0 ft MSL

186.1 ft MSL

Type/Depth of Seal Below Well:

D7/

Bentonite 167.3-162.9, 154.9-152.7 ft MSL

Borehole Backfill Below Well:

Pea gravel to 167.3 ft MSL, slough
162.9-154.9 and 152.7-148.9 ft MSL

s Tireeeerr P Temprwes - Woodward-Clyde Consuitants

Bottom of Borehole: ..

148.9 ft MSL

ga Figure C-3
w




11725796 1WL1d PKCLF

Woodward-Clyde Consultants
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Project: Puyallup / Kit Corner Landfill .
! yaliup . : Log of Boring PKC-MW10
Project Location: King County, Washington
Project Number: 954026NA Sheet 1 of 5
Date(s) Logged Checked
Drilled 3/21/96 - 3/22/96 By 0o J. McKenna g D. Haddack
Drilling - Drill Bit . . Surface
Method Alr Rotary Size/Type 7-7/8-inch drag bit Elevation {feet) 345.1
Drill Rig Drilled T Total Depth
Type .Foramost DR24 By Tacoma Pump & Drilling Drilad "geﬂ 166.5
Depth to Ground-  First  {Completion! 24 Hours | Hammer Weight/ Sampler e
water {feet, bgs); 144.0 - - Drop (Ibs/in.) 140 /30 Typep SPT and Catifornia
Diameter of Diameter of Type of Screen
Hole finches) 8 Well inches) 4 Well Casing  Schedule 80 PVC Perforation  0-020-nch slot
Type of Type of Bentonite chips 149.6-146 ft, bentonite-cement grout 146-1 ft,
Sand Pack  10/20 Colorado Silica Seal(s}  concrete 1 ft to surface
Comments Wast-central edge of tandfill
SAMPLES S
< - B k]
0 . =] a .
B 5 glesl 5 (2 MATERIAL DESCRIPTION _ |$E | REMARKS AND
3t 2%Ble £l83 £ |& © |28 3| FIELD / LAB TESTS
o, ola E (©° v L& J ]
wE oS¢ 5158 o 2o ° o
0 = Z2 || m [Oa . -
345 y | Very dense, moist, gray to brown, SILTY SAND with [{Started drilling at
. E L GRAVEL {SM); medium- to coarse-grained sand, ~20% 0815 hrs on 3/21/96.
<13 coarse gravel consisting of basalt and biotite-bearing
b E T granite.
‘ -; .
1 :S{
-340 5 1| 0 [75/4° 0 PID = 0.0 ppm
] & ‘L—Sand becomes coarse-grained.; "25% fine gravel with
| : some coarse clasts, . ’
-335 10 2 | 0 |ss/57 B 0 | PID = 0.0 ppm
B 3 '
b Sand becomes medium-grained with some coarse
grains; decreasing gravel content to ~10%, consisting
-330 15— 4 | 40 100,8-l mostly of basalt with few granitic clasts. 0 FID = 0.0 ppm
1 v;——-Sand becomes fine- to medium-grained; increasing
gravel content to “40%, some cobbles, consisting
7 mostly of andesite and basalt with some granitic
| clasts.
-325 20 5l 0 hoopte | Very dense, maist, gray to brown, SILTY SAND with 0 PID = 0.0 ppm
4 GRAVEL to poorly graded SAND with SILT and GRAVEL
(SM/SP-SM); fine- to medium-grained sand, “40% coarse,
1 subangular to subrounded gravel consisting mostly of
bas_ait with some diorite. EA
1 228 Driller noted easy drilling.
b - Decreasing gravel content to ~25%. %% '
' 7
320 25 g T 5 100 22 '
i 2.5"* %5
K2R
P
. 4%
_________________________________________________________ k2
4 Very dense, moist to wet, gray to brown, SILTY SAND B
(SM}, fine to coarse-grained, with fine to coarse gravel
] [ consisting of andesite, diorite, and basalt.
30
Figure C-4




Project:
Project Location:

Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-MW10

Project Number: 954026NA Sheet 2 of 5
SAMPLES _5
c F E
9 - - <) a.
8 £ | 5lgg| € g MATERIAL DESCRIPTION L |5 Eo| REmaRks anp
25 2%le 82|l 2 |8 W |25 S| FIELD / LAB TESTS
= Q o|la E 0 -
WE Oof|% S 5ol & |EF o
30 - Z |ax| o |Oa o
315 —Z 1 0 1 100/ Very dense, moist to wet, brown, pootly graded GRAVEL 0 PID = 0.0 ppm
0.5 with SAND (GPJ; fine to coarse, subrounded gravel end E s/ hard drill
cobbles consisting of quartzite, basalt and andesite, trace ow, hard drifling.
silt.
8 o 4 0
-310 35 9_[ 10 [100/0" )& a'e: Sample 9 is single cobble;
i | andesite with hornblende,
plagioclase, and altered
4 4 green mineral.
1 7 No cobbles, but
1 q [ Gravel becomes mostly fine, subangular to 1 noticeable grinding during
40 . by subrounded; no cobbles. dr"‘"'gg' abundant rock
_ 4 — shards.
305 10 1 0 100/ 0 PID = 0.0 ppm
1.57¢ ¢ ]
300 45 11 o
12 | 50 | 50/6 Very dense, moist to wet, brown, well-graded GRAVEL Lack of recovery
1 {GW):; “95% fine to coarse, angular to subangular gravel 1 suggests many
and cobbles, trace medium- to coarse-grained sand. cobble-size clasts.
R &—Decreasing gravel to “75%, fine {subrounded) to 1
coarse (angular) clasts; increasing fine- to
T coarse-grained sand, with trace siit. h
13 . -an. o Jd 0 PID = 0.0 ppm
205 50 14 | 95 Aone ; hlncreasmg gravel content to ~80-100%. Sample 14 is single
E (B SR m e e m e oo cobble with fresh
Very dense, moist to wet, brown, poorly graded GRAVEL surfaces; sand likely
E with SAND (GP); “60% mostly fine gravel, fine- to g washed out of sampler.
coarse-grained sand, trace silt.
290 55 15 1 o Gravel observed to have
| ] clean, fresh surfaces.
Very dense, moist to wet,’brown, SILTY SAND with
_2g5 60 s T o GRAVEL to SANDY SILT with GRAVEL {(SM/ML); -
fine-grained sand, ~30% fine gravel.
| 4- to 5-in. cohesive silt
] SILT (ML), with occasional coarse-grained sand to J chunks coming out of
fine gravel. cyclone.
_ 651 | | | 0 B eceeeeme oo —
280 Very dense, moist to wet, brown, SILTY SAND (SM,
1 fine-grained, with “10% coarse-grained sand to fine
gravel.
] "Very dense, moist to wet, brown, poorly graded SAND |
4 with GRAVEL (SP); coarse-grained sand with some g
20 medium grains, ~30% fine, subrounded gravel, trace silt.

a

S
1172596 1WL1J PKCLF

Woodward-Clyde Consultants G§

Figure c4




Project Location:

Project: Puyallup / Kit Corner Landfill .
King County, Washington

Log of Boring PKC-MW10

Project Number:  954026NA Sheet 3 of 5
SAMPLES S
g 2| 8 3
- - B o~ a
g £ Blegl 5 |8 MATERIAL DESCRIPTION , | 5 E o| REMARKS AND
L rd L 4
2% 88l €188 2 |a i 12 G5 | FIELD / LAB TESTS
[ o o
Wwe O 3 ] o Lo °
70 - 2 |lac] @ [©a >
275 17 | 0 1100/4"* Very dense, moist to wet, brown, poorly graded SAND Sand in cyclone (inferred
1 with GRAVEL (SP}; coarse-grained sand with some from characteristic
medium grains, ~30% fine, subrounded gravel, trace silt sound}.
b (continued).
270 75 18 r—-Becomes moist, with decreasing gravel content. 0 Easy drilling.
] |
= 80
265 19 | 40 100 Very dense, moist, brown, poorly graded SAND (SF),
- medium- to coarse-grained, with occasional fine to
coarse, subrounded gravel, trace silt.
] I ¢—Becomes coarse-grained.
1—260 85 20 —r-No gravel. SA—4
255 90 \‘ 21 | 25 | 50/4" - __} Tan clay grading into to gray clay (CL).
A Occasional gray clay
chunks in cyclone.
250 95— 22 r—chomes grayish brown, medium- to coarse-grained,
with occasional fine to coarse gravel.
i Driller reported
] L characteristic "sound” of
gravel.
R B Ended drilling for 3/21/96
at 1430 hrs.
h drilli
Very dense, moist, grayish brown, well-graded SAND gfggg%dmrbggooars_
246 100—@ 33 0 Vo3 with SILT and GRAVEL {SW-SM); “40% mostly fine, Two broken rocks in
subrounded gravel with occasional coarse, subangular to sampler
1 subrounded clasts up to 1-1/2 inches. pler.
Composite Sample
MW10-23 +24:
SA=6
240 105—§;2 2 i i3 Coarse-grained sand and fine gravel become angular. Very difficult drilling.
1 Driller reported slightly
] easier drilling.

110

—
11/25/96 1WL1J PKCLF

Woodward-Clyde Consultants

Aa
-w

Figure C-4




Project: Puyallup / Kit Corner Landfill
Project Location: King County, Washington

Log of Boring PKC-MW10

A

A —
11/25/36 TWL1J PKCLF

_ , heet 4 of 5
Project Number: 954026NA She f
SAMPLES 5
g 5 H
S - > 8 a :
B £ 3 leg| 5 |8 MATERIAL DESCRIPTION _ |5 E o| REMARKS AND
5% §§ g2 E|88| =z |58, i |2 G S| FIELD / LAB TESTS
[TV RS -~ S =} —
110 F 2|82 m |68 ®
-235 BN 25 |0 [50/2"* W% Very dense, moist, grayish brown, paorly graded SAND o PID = 0.0 ppm
4 with GRAVEL (SP); coarse-grained sand, “40% fine to -
coarse, subangular to subrounded gravel, trace silt.
BE e ]
230 1154 | . | |  &g& -7 ittt =
Very dense, moist, grayish brown, poorly graded GRAVEL
with SAND {GP); ~70% fine to coarsa, subangular to -
subrounded gravel, medium to coarse-grained sand.
4 r-*Gravel becomes coarser, more rounded, with 1 .
3 occasional cobbles, consisting of diorite, quartzite, Ill;asz?vt:dm fine sand
225 120 27 1 a0 | 7576 and basalt with altered green rind. E .
Very dense, moist, grayish brown, poorly graded SAND 4
{SP), medium- to coarse-grained, with occasional coarse
gravel, trace silt. -
220 125 -
_215 1303y 28 | 25 |so/i1" Very occasional gravel, no silt. = Two clasts in sampler:
.'\\ , ] diorite, basalt.
—210 135_@ 29 L—No gravel. -
4 !
| L o T S T B T o i 3 B e —
205 14 J 30 | 60 | 60 Very dense, moist to wet, grayish brown, poorly graded SA=6
-% SAND with SILT (SP-SM), fine- to medium-grained. E
_ h 4 Water table at 144 ft at
§ Becomes gray. = 1230 hrs on 3/22/96.
| 200 145 -
r—Becomes dense, wet. b ZE
150 - i

Figure C-4

Woodward-Clyde Constitants 42




Puyallup / Kit Corner Landfill
King County, Washington

Project:
Project Location:

Log of Boring PKC-MW10

e

J

r185 160—@ 29

Dense, wet, grayish brown, poorly graded SAND (SP),

Project Number: 954026NA Sheet 5 of 5
SAMPLES ‘S

c - © .
ge] - i 2

B £ g leg] 5 |8 MATERIAL DESCRIPTION , | Ew| REMARKS AND
2% I €188 & |8, @ |285| FIELD / LAB TESTS
W v [ ® L=} —

150 e 2|82 = |68 , R
195 J 31 40 [2:HI]  Dense, wet, grayish brown, poorly graded SAND with Sampler saturated. ,
-% SILT (SP-SM), fine- to medium-grained {continued).

-190 155 [~ 0 PID = 0.0 ppm

Very clean sand observed

1125736 YWL1J PKCLF

fine- to medium-grained, with trace silt. mst‘:&fciflme

180 165K 33 | 50 13 r—Becomes medium dense.

] Bottom of boring at 166.5 feet. Finished drilling on

3/22/96.

175 170 -
170 175 B
_165 180— -

4 L
150 185-] -

190 -
e aa Figure C-4
Woodward-Clyde Consultants ‘




Project: Puyallup / Kit Corner Landfill

Project Location: King County, Washington
Project Number: 954026NA

CONSTRUCTION 'LOG
FOR MONITORING WELL
IN BORING PKC-MW10

Location Cable tool rig, using tremie pipe

Datsls) Installed 3/25/96

Installed By Tacoma Pump & Dirilling Observed By

M. Sydow - Total Depth (ﬁ bgs}

166.5

Method of Installation  Cable-tool rig, using tremie pipe

Screened Interval 183.2 - 193.2 ft MSL Completion Zone

Sand Aquifer

| Remarks Maetal plate mounted to top of riser pipe for groundwater san{pling purposes.

NOTE: DIAGRAM IS NOT TO SCALE ¥y

Elevation of Top of Metal Plate: 347.15 ft MSL

4,—Height of Riser Above Ground Surface:

<«€—Ground Elevation:

2.02 ft

345.13 ft MSL

Type of Surface Casing:
Above-ground steel monument

Type of Surface Seal:

¢——Flevation of Surface Seal:

Concrete

344.1 ft MSL

ID/Type of Riser Pipe:

Boring Diameter:

8 inches

Nominal 4-inch threaded Schedule 80 PVC

Type of Backfill:
Bentonite-cement grout

r———FElevation of Seal:

199.1 ft MSL

Type of Seal:

Strap-on Centralizer(s) at:

192.1-193.1 ft MSL
183.1-184.1 ft MSL

Enviroplug coarse bentonite chips

-f————FElevation of Top of Filter Pack:
l¢————Flevation of Top of Screen:

195.5 ft MSL
193.2 ft MSL

Type of Filter Pack:
10/20 Colorado Silica

ID/Type of Screen:
4-inch Schedule 80 PVC

Screen Slot Size:

0.020-inch

-———Elevation of Bottom of Screen:

Elevation of Bottom of Piugged Blank Casing:

183.2 ft MSL
183.1 ft MSL

Type/Depth of Seal Below Well:

None

Borehole Backfill Below Well:
Slough to total depth

Printed 11/25/96;  Prj: PKCLF; Templ: 1WELLB Woodward-CIyde Consultants e

Bottom of Borehole: . .. ...

178.6 ft MSL

Figure C-4




Project:

Project Location:

Puyallup / Kit Corner Landfill
King County, Washington

- Log of Boring PKC-MW11

Project Number: = 954026NA Sheet 1 of 5
Date(s) - Logged Checked
Drilled 3/25/96 - 3/26/96 B99°¢  J. McKenna » D. Haddock
Drilling f . Drill Bit . Surface
Method Air Rotary SizefType 7-7/8-inch drag bit Elevation (feet) 354.2
Drill Rig Drilled - Total Depth ’
Type Foremost DR24 By Tacoma Pump & Drilling Drilled (feet} 171.0
Depth to Ground-  First  |Completion| 24 Hours  ; Hammer Weight/ Sampler
water {feet, bgs}; 152.8 - - Drop {Ibsfin.) 140/30 Type SPT
Diameter of Diameter of Type of Screen .
Hole {inches) 8 Well {inches) 4 Wepll Casing Schedule 80 PVC Perforation 0.020-inch slot
Type of e Type of  Bentonite chips 154.4-147.5 ft and 3-1 ft, bentonite-cement grout
Sand Pack 10/20 Colorado Silica Sealls)  147:5-3 ft; concrete 1-0 ft g
Comments East side of Frontage Road, near fire hydrant
SAMPLES s
g 8 8
= - > o) [=}
s, £ s |egl %5 MATERIAL DESCRIPTION , |5 E 2| REMARKS AND
g§ §'§ 2 E 38 2 w 20 5| FIELD / LAB TESTS
[ V9 %= - = [e]
o F 2 || @ R ol
Very dense, dry to moist, brown, poorly graded SAND Started drilling on
with SILT and GRAVEL {SP-SM); fine- to medium-grained 3/25/96 at 1250 hrs.
sand, "40% fine to coarse, subrounded gravel.
350
5- 1 0 [s0/1*"* 0 PID = 0.0 ppm
Very dense, dry to moist, brown, poorly graded SAND
345 with GRAVEL to poorly graded GRAVEL with SAND
(SP/GP); fine- to medium-grained sand, ~40-50% coarse,
10@ > o subrounded gravel, trace silt. Hammer bauncing.
1
| "Very dense, dry to moist, brown, SILTY GRAVEL with |
| 340 R SAND (GM); ~60% fine, angutar to subangular gravel
K consisting mostly of andesite and basalt, with some
15—+ 3 [ 10 (75737 ] diorite and trace quartz, coarse-grained sand, some 0 PID = 0.0 ppm
J silt/clay chunks. Fresh surfaces on gravel;
possibte sampled cuttings
m from drill bit.
4 Intact siit chunks in
T cyclone at 16.5 ft bgs.
-335 i
20— -1 Gravel becomes fine to coarse, subangular to .
(\] § | 30 | 251 subrounded, consisting mostly of basalt with some 80% gravel in sampler.
T quartz and diorite clasts, fine- to medium-grained
| sand.
330 ) ]
25 -1 - Increasing gravel content to ~75%, fine-grained sand.
E\ 6 Q0 [75/1°* ; I !
d ] i
1 “"Very dense, dry to moist, brown, poorly graded GRAVEL |
J with SAND (GP); "60% fine to coarse, subangular to
subrounded grave| consisting mostly of basalt with some
|_325 g chert, quartzite, and highly weathered granite/diorite,
fine-grained sand, trace silt.

30

e ——
11/25/96 1WL1J PKCLF

Woodward-Clyde Consultants
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Project: Puyallup / Kit Corner Landfill Log of Boring PKC-MW11
Project Location: King County, Washington 2of §
. Sheet 2 0
Project Number:: 954026NA
[
SAMPLES S
5 N H
2 - . <]
8 £ g5 legs] 5 |8 MATERIAL DESCRIPTION 4 |FEw REMARKS AND
58 S8|= 2|83 2 [& @ [2 55| FIELD / LAB TESTS
o® Aol & S| o al © 2 g’ °
30 F Z |loac| o |93 o~
Y 7 | 25 .. Veery dense, dry to moist, brown, poorly graded GRAVEL
with SAND (GP); “60% fine to coarse, subangular to 8
subrounded, fine to coarse gravel consisting mostly of
1 basalt with some chert, quartzite, and highly weathered 1
granite/diorite, fine-grained sand, trace silt {continued). )
= » e 3 ® Gravel becomes finer, angular, with some weathered 1, _
320 35 8 28 17515 9.7 andesite clasts, fine- to medium-grained sand. | Y PID = 0.0 ppm
i
—315 BN 9 ("0 [75/1°°F Very dense, dry to moist, brown, poorly graded SAND
40 with GRAVEL {SP); fine- to medium-grained sand, fine, —
angular gravel, trace silt.
—310 i ]
45—y T P R e .
10 1 10 {75/37° 5 Very dense, dry to moist, brown, well-graded GRAVEL
1 with SAND (GW): fine to coarse, subangular to R
subrounded gravei, fine- to medium-grained sand.
] | “Vety dense, dry to moist, brown, SILTY GRAVEL with |
E SAND (GM); fine gravel, fine-grained sand. -1
305
50 A 25/8" 3 i
11 L 16 Very dense, moist., brown, poorly graded SAND {SP),
E medium-grained, with occasional gravel. E
-300 ] “Very dense, moist, brown, SILTY SAND (SM), |
55— 7 fine-grained, with occasional gravel. —
| 1o PID = 0.0 ppm
E g Ended driliing for 3/25/96
. at 1715 hrs,
. L—Increasing gravel content, . gfgg;fg‘?éd C:fgg}lgso;‘\
. al rs.
—295 ] i
60 KN30 Il K 'L—Becomes fine- to medium-grained. N Gravel content
b B p undetermined due to
grinding by bit.
—280 i Decreasing gravel content. Driller noted easy drifling.
5 14 R
| "Very dense, moist, brown, SILTY SAND to SANDY SILT |
-85 E +  (SM/ML), fine-grained sand with some coarse grains, 1
20 1 some clay, occasional gravel.
ga Figure C-5




Project: Puyallup / Kit Corner Landfill LOQ of Borin g PKC-MW11
Project Location: King County, Washington ‘
Project Number: 954026NA Sheet 3 of 5
SAMPLES 5
¢ T3 i
= - =] o.
8. & B |& ofa s 1e MATERIAL DESCRIPTION L lsE REMARKS AND
58 S8le 283 2 |8 @ 1238 S| FIELD 7 LAB TESTS
ol al|S 5|58 & |82 "
 Z |ax m Oa -
70 1=1.H{ Very dense, moist, SILTY SAND to SANDY SILT (SM/ML),
p ‘|4 fine-grained sand with some coarse grains, some clay, J
1 _occasional gravel {continued).
. F > SILTY SAND (SM). .
] B p
J ; . J Intact chunks of claye
-280 i :} SILTY GRAVEL {GM). . silt in cyclone. vey
75—
15 Very dense, wet, brown, poorly graded SAND (SP), 0 PID = 0.0 ppm
1 medium- to coarse-grained, with occasional fine gravel, E
trace silt.
1 CLAY to SILT (CL/ML). 1
Poorly graded SAND with SILT and GRAVEL (SP-SM). Eggl;f:sﬂ:’::é;’;‘;
-275 possible gravel lens.
80—+ - Increasing gravel content to ~10-20%, consisting of -
16 30 | 80/8 diorite and basalt.
—270 ] i
85— r—Decreasing gravel to ~10%, fine to coarse, .
subrounded to rounded clasts.
: | With clay chunks, 1 to 2 inches diameter. ) géi?:ﬁ:&tz?asoéﬁgﬂnﬂ'
265 cyclone; possible clay
90 \‘ 17 [ 60 | 75/4" . \ayer.
] Driller noted hard drilling,
—260 | i
95—&1 8 =
g Very dense, moist, brown, well-graded GRAVEL with g d drill
SAND (GW]; “75% fine to coarse, subrounded to rounded Hard drilling.
| 255 ;" gravel, medium- to coarse-grained sand, trace silt.
100y 75 20 [ 502" s 1o PID = 0.0 ppm
-250 ] “"Very dense, moist, brown, poorly graded GRAVEL with |
105— SAND (GP); ~75% mostly fine, subrounded to rounded — _
20 gravel, medium- to coarse-grained sand, trace siit. 0 PID = 0.0 ppm
] "Very dense, moist, brown, well-graded GRAVEL with |
245 L SAND (GW); “75% fine to coarse, subrounded to rounded -
B gravel, medium- to coarse-grained sand, trace silt.
110 Fi C-5
&La igure C-

112896 1WL1J PKCLF
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Project: Puyallup / Kit Corner Landfill » Log of Boring PKC-MW11
Project Location: King County, Washington .

- 1 e *
Project Number: 954026NA Sheet 4 of 5
SAMPLES §
=) . .2 o [=3
& £ B |g sl 5 MATERIAL DESCRIPTION | E of REMARKS AND
38 BElgs E (33| = @ |2 33| FIELD / LAB TESTS
we a¢-|s S laa| o 9
110 - Z |jacc 53] -3
J J 21 | 10 | 95/9° Very dense, moist, brown, well-graded GRAVEL with
N SAND (GW): “75% fine to coarse, subrounded to rounded
gravel, medium- to coarse-grained sand, trace silt
1 {continued}. h
J J
240 ] "Very dense, moist, brown, poorly graded GRAVEL with |
115 SAND to poorly graded SAND with GRAVEL (GP/SP); T ; ;
B 22 “50% mostly fine, subrounded to rounded gravel, gf.'l'l'.ef noted easier
. medium- to coarse-grained sand, trace silt. . rifing.
] Very dense, moist, orange-brown, poorly graded SAND
1 {SP), medium-grained, with occasiocnal coarse-grained 1
sand to fine, subrounded gravel, trace fines.
—235 i i
12013 23 | 50 | 75/5° |} Lens of “50% coarse gravel. 7 3-in. lens of sandy coarse
N p gravel in sampler.
230 A )
125 _
1—-225 T ]
130 N] 24 | 60 [ 753 7]
—220 i i
135 7o PID = 0.0 ppm
215 i
1401 25 1 60 7'5,5.. T Decreasing gravel content to <1%. -
AN J
—210 1 :
145+ B
| 1 hﬂecomes moist to wet, with “10% fine to coarse E E; 2;
205 150 gravel. . ' 7 7%

Iigﬂre C-5

11/25/96 TWL1J PKCLF WOOdward'C|yde conSUItants e



Project:
Project Location:

Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-MW11

11/26/36 1WL1J PKCLF

Project Number: 954026NA Sheet 5 of 5
SAMPLES 5
g 5 ]
2 - i o - a
® £ Bles| 5 |2 MATERIAL DESCRIPTION | S E | REMARKS AND
E'g §§ 2 E 88 2 a_ w 2 S| FIELD / LAB TESTS
W =] = 2 - o g
15; £ Z|acd] @ |68 ®
J 26 | 60 50 Very dense, moist to wet, poorly graded SAND (SP), 55 2:
-% +  medium-grained, with ~10% fine to coarse gravel, trace E A Y
siit {continued). :55 %
) i ' !‘ -4 77 Driller noted top of casing
J .'; Becomes wet. — 77 Z7qwet, oozing mud; water
24 [ /4table estimated at
R + g 771 V/7/1152.5 ft at 1630 hrs on
200 155 ) e 44 K36/96.
— '?—r—Becornes medium- to coarse-grained, with <1% fine - R P .
gravel, trace sift occurring as chunks 1 to 3 inches l g;:; n. silt chunks in
h [ diameter. 0 r’ID _'0 0
= 0.0 ppm
—195 T I 1
1603 27 | 75 hoon 1" ¢—Snd becomes fine- to medium-grained. = SA=5
190 ’
165 - 4
185 i i T !
B | Top half of sample likely
1701 28 {100 | 75/5" heaved sand (low blow
N count)
E L Bottom of boring at 171.0 feet. ] Finished drilling on
. 3/26/96 at 1800 hrs.
—180 1 i E
175 - ]
-175 ! |
180 B .
—-170 i r
185 = _
' B r s
-165 ]
190 : ; "
' L Figure C-5
Woodward-Clyde Consultants



Project Number: 954026NA

Project: Puyallup / Kit Corner Landfill - CONSTRUCTION LOG
Project Location: King County, Washington - FOR MONITORING WELL

IN BORING PKC-MW11

Location Cable tool rig, using tremie pipe

Date(s) Installed 4/2/96 - 4/3/96

Installed By Tacoma Pump & Drifling

Observed By J. McKenna Total Depth (ft bgs) 171.0

Method of Installation  Cable-too! rig, using tremie pipe

Screened Interval 186.7 - 196.7 ft MSL

Completion Zone Sand Aquifer

Remarks Metal plate mounted to top of riser pipe for groundwater sampling purposes.

' NOTE: DIAGRAM IS NOT TO SCALE

Elevation of Top of Metal Plate: 353.63 ft MSL
epth of Riser Below Ground Surface: 0.61 ft

A<—Ground Elevation: 354.24 ft MSL

Boring Diameter:

8 inches

. Strap-on Centralizer(s) at:

195.2-196.2 ft MSL
187.2-188.2 ft MSL

e ¢ Type of Surface Casing:
Steel flush-mount surface monument

Type of Surface Seal:
1 ft of concrete, 3 ft of bentonite chips

l———Flevation of Surface Seal: 351.2 t MSL

ID/Type of Riser Pipe:
Nominal 4-inch threaded Schedule 80 PVC

Type of Backfill:
Bentonite-cement grout

« Elevation of Seal: 206.7 ft MSL
% Type of Seal:
% Enviroplug coarse bentonite chips
¢—Elevation of Top of Filter Pack: 199.8 ft MSL
{———Flevation of Top of Screen: 196.7 ft MSL

Type of Filter Pack:
10/20 Colorado Silica

Panted 11725798, Ppreir vemprwiis - Woodward-Clyde Consultants

ID/Type of Screen:
4-inch Schedule 80 PVC
Screen Slot Size:
0.020-inch

levation of Bottom of Screen: 186.7 ft MSL
-——Flevation of Bottom of Plugged Blank Casing: 186.6 ft MSL

Type/Depth of Seal Below Well: -
None

Borehole Backfill Below Well:
Slough to total depth

Bottom of Borehole: ... ... .. ..183.2 ft MSL

Xa Figure C-5
w
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Project:
Project Location:

Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-MW12

Project Number: 954026NA Sheet 1 of 6
Date(s) - Logged Checked ]
Drilled 3/27/96 - 3/29/96 By J. McKenna By D. Haddock
Drilling Drill Bit . Surface
Methaod Air Rota!:y Size/Type 7-7/8-inch tricone button bit Elevation (feet) 357.8
Drill Rig Drilled e Total Depth
Type Foremost DR24 By - Tacoma Pump & Dirilling Driliad (fget) 196.5
Depth to Ground4  First  Completion| 24 Hours | Harnmer Weight/ Sampler
water (feet, bgs}! 156.1 - - Drop {lbsfin.} 140/ 30 Type SPT
Diameter of Diameter of Type of Screen
Hole {inches) Well {inches) 4 Well Casing Schedule 80 PVC Perforation 0.020-Inch slot
Type of " Type of  Bentonite chips 192-184.6 ft, 175-169.1 ft, 154,9-148.3 ft, 22-1 ft;
Sand Pack  10/20 Colorado Silica Seallss  bentonite-cement grout 148.3-22 ft; concrete 1-0 ft
Comments Northwaest of fandfill, 330 ft north of Access Road
SAMPLES 5
- k=,
S -] 2
2 - 5] =
g, £ | 5|e8] § |2 MATERIAL DESCRIPTION  |5Eo| REmARKS AND
235 59| E va 2 Q. =] 2 G S| FIELD / LAB TESTS
ws o g‘.. 5158 2 g9 o 1
 Z |lax om a3 o~ é
0 N — - ' o9 ) —
Moist to wet, brown, SILTY SAND with GRAVEL {SM). E s :g;;;tz;isdﬂ"mg on
| ] o ¢ PID = b.O ppm
] . . i Clay chunks in cyclone,
| 355 ] | With occasional clay chunks.
’ ] Ground rock clasts in
5 T et L T P LT — cyclone include green
1 0 y5/1.8 Very dense, dry to moist, brown, SANDY SILT with serpentine(?), dark basalt;
E GRAVEL to SILTY SAND with GRAVEL {ML/SM); fine- to R no clay according to field
coarse-grained sand, ~15% fine to coarse, subrounded hydrometer test.
1 gravel consisting of green serpentine{?) and dark basalt. 1
-350 i 4
| | "Very dense, dry to moist, brown SILT with GRAVEL (ML); | ¢
10 5 IR Y ~20% fine to coarse, angular to subrounded gravel and - -
occasional cobbles, trace coarse-grained sand. Coarse sand may be' from
4 ; ] J cobbles broken by bit
{rock shards in cyclone).
—345 J J
7 r L——Gravel becomes mostly fine, rounded to subrounded 1 .
- . with some coarse, subangular clasts; increasing Bltb%:mdmg likely due to
15 3 & [BO/1"* o fine-grained sand with some coarse grains. T copbles.
- N I I b v5 S et m i mmmm e am—m—e—m————— X
Very dense, dry to moist, brown, poorly graded GRAVEL Ended drilling for 3/27/96
with SAND (GP); “80% coarse, angular gravel consisting - at 1730 hrs.
| 340 mostly of basalt with quartzite, diorite, and green Resumed drilling on
N sedimentary clasts, medium- to coarse-grained sand, trace - 3/28/96 at 0810 hrs.
silt. : Difficult drilling; rock
B shards in cyclone.
W
20BN "% 1 0 [7am" 7]
] 1 Hard drilling, bit grinding;
J i ¢ zamostly rock shards in
cyclone, so likely drilling
—335 - : through cobbles.
25 = ettt —
3 0 {75 y{ Very dense, dry to moist, brown, poorly graded GRAVEL
E with SILT and SAND (GP-GM); fine to coarse gravel, L
fine-grained sand. -
1 J
—330 J J
30

jgure C-6

11/25/96 1WL1J PKCLF

¢

Woodward-Clyde Consultants



Project:
Project Location:

Puyallup / Kit Corner Landfill

King County, Washington

Log of Boring PKC-MW12

. of 6
Project Number: -954026NA Sheet 2
SAMPLES S
c : - o
= - oz ] a :
g, £ 3 |egl 5 [2 MATERIAL DESCRIPTION _ |5 Eo| REMARKS AND
28 8%|e £|88 2z |8 @ 23S FIELD / LAB TESTS
29 ala E it Ta -
W (o > 3 '5 D o oy o
0l = jec| @ |63 _ R
X J 6 | 30 | 50/2° - Very dense, dry to moist, brown, poorly graded GRAVEL
9 & with SILT and SAND (GP-GM); fine to coarse gravel, &
. fine-grained sand {(continued).
326 ] % ]
35— A . . .
BN 7 0 150/0%F Very dense, dry to moist, brown, well-graded GRAVEL 0 PID = 0.0 ppm
E with SAND (GWj); fine to coarse gravel, fine- to medium- E
evvg @rained sand, trace silt.
4 3 A X q
320 i ]
Bit several times stuck on
i J single rock, likely cobble.
& Cobbles also inferred
40—§\ a o a7 Lo Gravel becomes subrounded to rounded, with some - from fresh, angular
. cobbles, occasional coarse sand grains. surfaces of coarse gravel
1 1 (ground by bit}.
315 . ]
] | Very dense, dry to moist, brown, SILTY GRAVEL with |
45 ] 2 SAND (GM}; “80% fine to coarse, subrounded to rounded
10 10 15041 gravel, fine- to medium-grained sand.
—-310 ]
;@ Very dense, dry to moist, brown, well-graded GRAVEL
SO—E\ 1 T o [soi01 ({GW); “90% fine to coarse, subrounded to rounded gravel
. with some angular clasts, little fine-grained sand and silt.
305 ]
1 Very dense, moist, brown, well-graded SAND with SILT PID = 0.0 ppm
55— 17 and GRAVEL (SW-SM); ~40% mostly fine, subrounded 10
gravel with some coarse clasts, ~10% silt.
4
300 1 z £—Decreasing gravel content. 1 Driller reported soft
J J drilling 55-65 ft, likely
due to decreased gravel
[0 e S LR TN T3 LT . T R T TP — content.
313 [ 40 Very dense, moist, brown, poorly graded SAND with
R GRAVEL (SP); fine- to medium-grained sand with g
occasional coarse grains, ~30% gravel, trace silt.
-295 ]
65 14 ] 7]
| Brown, GRAVELLY SILT (ML); “40% gravel.
| ] r——Sand becomes medium- to coarse-grained.
290 _ : 4
*“ }.Poorly graded GRAVEL with SAND (GP);
4 a ‘ ~“60% gravel, fine-grained sand, trace silt. p
70 4 [ Sand becomes medium-grained.

A

Egure C-6

R —————
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Project:

Puyallup / Kit Corner Landfill
Project Location: " King County, Washington

Log of Boring PKC-MW12

Project Number: 954026NA Sheet 3 of 6
SAMPLES - S
s g | 5
2 R - -> o a
¥ = g jes| £ |e MATERIAL DESCRIPTION =E REMARKS AND
e O a|g2| @ (£ 41268
o8 08|18 E[(08] 2 |24 : @ (23S FIELD / LAB TESTS
e O+JlxX 5|56 o 2 o o
70 ~ Z jaxc| @ |G &
J 156 | 15 [75/3%*} 1 Very dense, moist, brown, poorly graded SAND with
g . GRAVEL {SP); medium-grained sand; ~30% fine to coarse .
gravel, trace silt (continued).
4 i bserved. E
‘—More moisture ol
285 _
Drifler noted soft drilling,
E g likely due to decreased
gravel content.
755w 1g 7o PID = 0.0 ppm
280 Very dense, maist, brown, poorly graded SAND (SP), |
E medium-grained, with up to “10% fine gravel, occasional k
‘coarse clasts, trace silt,
;—Sand becomes medium- to coarse-grained, with < 1I'i"' clay/silt balls in
807 T & [7am occasional fine gravel, occasional silt/clay chunks. . cyclone.
275 4 i g ]
_L—No silt/clay chunks.
85— —
b r—Sand becomes coarser-grained, with trace gravel.
—270
90 Y18 | 80 65 3 Cor_!tains “10% fine to coarse, rounded gravel; more -
moisture observed.
4% E
265 J J
95 ‘—Increasing fine (pea-sizel, rounded gravel. T 0 PID = 0.0 ppm
] J Drifler noted abruptly
harder drilling, likely
--------------------------------------------------------- several cobbles.
260 19 Very dense, moist, brown, poorly graded SAND with
B . 1 #. GRAVEL (SP); coarse-grained sand, ~25-30% mostly fine E
gravel with occasional coarse clasts.
100~ L—Sand ‘becomes medium- to coarse-grained, with B
\ 20 | 75 55 “15% fine gravel, trace silt.
N J
-255 ] 4
1056 ]
—250 S T N o s U SN PR P
Very dense, moist, brown, well-graded GRAVEL with
1 - SAND (GW); "50% fine to coarse, subangular to 1
110 subrounded gravel, coarse-grained sand, trace silt.

Figure C-6

11725786 1WL1J PKCLF
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Project: Puyallup / Kit Corner Landfill Log of Boring PKC-MW12
Project Location: King County, Washington
Project Number:  954026NA Sheet 4 of 6
SAMPLES 5
g 5 ki
- — - - > o Q .
5 £ s ies| £ MATERIAL DESCRIPTION =E REMARKS AND
> e Q.+« 0 E > 2] .| T 5 o
2o oa|a |89 2 w 20 8| FIELD / LAB TESTS'
oW 02 5|58 o 6
110 - Z |oc m £
\\ 21 | 50 | 60/6" Very dense, maist, brown, well-graded GRAVEL with 0 PID = 0.0 ppm
SAND (GW); "50% fine to coarse, subangular to -
subrqunded gravel, coarse-grained sand, trace silt
T (continued). ] Slow, hard drilling.
-245 ] i
J / ]
116 | | | B oo e — . .
Very dense, moist, brown, poorly graded SAND with Driller noted easier
4 #1  GRAVEL {SP); medium- to coarse-grained sand, ~30% 4 drilling.
mostly fine, subrounded: gravel. 0 PID = 0.0 ppm
-240 | K i
120 — Bt ittt -
22 1 30 |75/6 Very dense, moist, brown, poorly graded SAND (SP), fine-
E - to medium-grained, with “10% fine, subrounded grave! e ) . "
and occasional coarse clasts. Fﬁw :m_a" “°I0-5 in.) silt
J i J chunks in cyclone.
235 J 4
1 } ~20% fine to coarse gravel, 1
125— -
—-230 J | J
130 } ~25% fine to coarse gravel. Drill bit hit rocks.
J 23 | 30 | 60/2* Ended drilling for 3/28/96
J I b at 1740 hrs.
Resumed drilling on
1 , E 3/29/96 at 0810 hrs.
—225 E r—increasing gravel content, occasional coarse-grained E
sand.
0 PID = 0.0 ppm
135 - -
T r
_ | -
220 L i
140+ - r—Decreasing gravel content to occasional coarse, =
. M 24 | 50 | 501 subangular clasts.
—215
145 vL—-Sand becomes finer-grained. -
-210 J L I -
150 did 1z
Xa Figure C-6

VIR WO PEE Woodward-Clyde Consultants i -



Project:

Project Location:

Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-MW12

Project Number: 954026NA Sheet 5 of 6
SAMPLES c
g N i
= - ‘ o [}
s £ B (eel 5 |8 MATERIAL DESCRIPTION , | S Eo| REMARKS AND
-
2% 28|z 188 2 |s W 2GS FIELD / LAB TESTS
W as > 3 B Q o E g’ o
150 — Z |axc] a [Oa &
J 25|76 80 ] Dense, moist to wet, brown, poorly graded SAND with
§ SILT (SP-SM), fine- to medium-grained, with occasional 1 .
coarse, angular gravel. )
-205 ] J
185+ gy and in cyclone wetter to
) L—Becomes wet. b & ouch; water leve! at
= 56.1 ft bgs at 0930 hrs
b E n 3/29/96.
—200 | i lo PID = 0.0 ppm
160+ 26 [ 75 25 —‘—Becomes medium dense; no gravel. — SA=7
N
—195 | J
165 ]
—190 ] ]
170 ettt b ] .
27 Very loose, wet, brownish gray, SILTY SAND (SM), Sample 27 interval
: L fine-grained with occasional coarse grains. E unknown due to soft
material and difficulty in
1 | blowing out sample.
—185 ] L i !
1 VL—Becomes gray. 1
17513 28 | 75 1 B h [eetet2. *{ Material likely heaving
.\ 1 into sampler; seems less
N saturated.
b With brown silt. g
[
180 4 : ]
Start noticing brown silt
4 4 chunks in cyclone.
180+ 59 1100 — Becomes gray, fine- to medium-grained. 10 PID = 0.0 ppm
N
175 0 | 0 HEREE i ]
Dense, wet, gray, SANDY SILT (ML), fine-grained sand,
1 with occasional fine to coarse, angular gravel. L
5 - —
185130 {700 40
-§ 4. I 1 Material no longer
§ :|T “#—1-to 2-inch lengths of wood/bark. 1 heaving.
-170 | 1L i |
1 L ]
190

11/25/96 TWL1J PKCLF

Woodward-Clyde Consultants
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Project Location:

Project: Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-MW12

11/25/96 1WL1J PKCLF
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Project Number:  954026NA Sheet 6 of 6
SAMPLES 5
g 3 5
L - > 8 2
& & 5 e8| 5 |2 MATERIAL DESCRIPTION _, |SE | REMARKS AND
2% 2%|e €182 2 (& @ |23 S| FEWD / LAB TESTS
ue Ad2g|e 5|58 & [g2 -
190l Z &= o (63 ®
N] 31 [1c0| 18 1 Medium dense, wet, gray, SANDY SILT to SILTY SAND Silt/clay chunks in
% L (ML/SM), fine-grained sand. cyclone.
165 | | | 1 HEL e cdccmemmmmemmmammeaod]
. Medium dense, wet, gray, SANDY SILT (ML), fine-grained
-4 T sand.
1951y 32 {100 [ 13 R
] i Bottom of boring at 196.5 feet. Finished drilling at
~160 L 1700 hrs on 3/29/96.
200 =
—155 4
205" o
—160 ]
210 -
—~145 i !
215 -
140
220 -
-135 ]
225— =
130
230

Figure C-6




Project: Puyallup / Kit Corner Landfill CONSTRUCTION LOG

Project Location: King County, Washington FOR MONITORING WELL
Project Number: 954026NA IN BORING PKC-MW12
Location Cable tool rig, using tremie pipe Date(s) Installed 4/3/96 - 4/5/96
Installed By Tacoma Pump & Drilling Observed By M. Sydow Total Depth (ft bgs) 196.5

Method of Installation  Cable-tool rig, using tremie pipe

Screened Interval 189.8 - 199.8 ft MSL Completion Zone Sand Aquifer

Remarks Metal plate mountad to top of riser pipe for groundwater sampling purposes.

Elevation of Top of Metal Plate: 360.07 ft MSL

—’—Height of Riser Above Ground Surface: 2.27 ft

NOTE: DIAGRAM IS NOT TO SCALE

-€«—Ground Elevation: 357.80 ft MSL

| Type, of Surface Casing:
Above-ground steel monument

Type of Surface Seal:
5; 1 ft of concrete, 22 ft of bentonite chips
[€}0:8:1
8.9.0
E52% l¢——Elevation of Surface Seal: 335.8 ft MSL
9%
722,
ggg ID/Type of Riser Pipe:
Boring Diameter: 222 Nominal 4-inch threaded Schedule B0 PVC
. > B
8 inches 752
222 Type of Backfill:
545 Bentonite-cement grout
KL
227,
%

k&\\\

N

[——FElevation of Seal: 209.5 ft MSL

Type of Seal:
Enviroplug coarse bentonite chips

€——£levation of Top of Filter Pack: 202.9 ft MSL
{———Flevation of Top of Screen: 199.8 ft MSL

7

Strap-on Centralizer(s) at:

198.8-199.8 ft MSL
189.8-190.8 ft MSL

Type of Filter Pa(;k:
10/20 Colorado Silica

ID/Type of Screen:
4-inch Schedule 80 PVC
Screen Slot Size:
0.020-inch

¢——FElevation of Bottom of Screen: 189.8 tt MSL
¢ —Flevation of Bottom of Plugged Blank Casing: 189.7 ft MSL

_____________________ Type/Depth of Seal Below Well:

m< Bentonite 188.7-182.8, 173.2-1 65l.8 ft MSL

Borehole Backfill Below Well:

Sand 189.7-188.7, pea gravel
182.8-173.2, slough 165.8-161.3 ft MSL

Bottom of Borehole: ... . .. ... ... T61.3 ft MSL

: . Figure C-6
Frmed Ti7Zo8; P preer remer wes - Woodward-Clyde Consultants e



Proje

ct:

Project Location:

Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-MW13

Project Number: 954026NA Sheet 1 of 2
Datets) 3/12/96 boseed B, Motcaite ghocked D. Haddock
Driliing Hollow-Stem Auger {4-1/4-inchD) | ST AL 8.1/2.inch carbide bultet with spade | girace . 344.0
T R Mobite B-61 HDX plled  Tacoma Pump & Drilling Doeal Pepth 382
Depth to Ground  First  iCompletion; 24 Hours | Hammer Weight/ Sampler .
water (feet, bgs)| 17.0 | 197 - Drop (bs/in ) 140/30 Type California
Diameter of - Diameter of Type of Screen
Hole (inches) 8-1/2 Well (inches) 2 - Well Casing Schedule 40 PVC Perforation 0.010-inch slot
Typaof «  10/20 Colorado Silica yeeof  Bentonite chips 38.2-34 ft and 20-1 ft, concrete 1 ft to surface
Comments ‘
SAMPLES _5
- =
& > 5 a '
.0 . = o
g £ sie8| 5 MATERIAL DESCRIPTION , |5 Eo| REMARKS AND
2% g%lg €183 3 : @ (=8 3| FIELD / LAB TESTS
we olls S158| o o _Il
F 2 |acc m &
Y COVER SQIL. 'EE Started drilling at
. Moist, brown, SILTY GRAVEL with SAND (GM), 1030 hrs.
7 — subrounded gravel up to 2 inches, medIumgrained sand. 0
' ¢
-340 ]
8- 2 0 87 7o Sampler probably pushing
Lt ] on a cobble.
- : . Driller noted difference in
+ . ¥} BEFUSE: Moist to wet; plastic bags, hard plastic, rusted 1 drilling about 6.5 ft {top
3 33 35 i tin can, cloth {releases water when squeezed); some to 0 of refuse?).
7{ 7} moderate decomposition. 1 PID = 3.5 ppm
| 435 $,§$,_ ] H2S = 0 ppm
10-] iy .
. ‘ s’f <t
td s 5t g
. 5*;_ <l
—330 1 i s 13 . ¥
15 4 60 [110/7" f{ - Wet refu.«_:e,' plastit bags, hard plastic, bott_le_ cap, wire, 0 PID = 16.1 ppm
g? | cloth, string; moderate to much decomposition. H2S = 0 ppm
?{ ¥l Saturated refuse; more malodoraus than other, drier ; Softer drilling at 17 ft
> | samples. . I224(possibly saturated
£ refuse).
_ <L
325 T s
20 7 > ¥ - 4—Saturated refuse (Sample 5A). - D = 16.9 ppm
BA | 75 23 k3 0 P pp
5B e ¢|. €—Wet refuse {Sample 5B); wood chunk and black H2S = O ppm
T substance; moderate decomposition; in matrix of
2 s <k SILTY SAND (SM), fine-grained.
6 33 §5 |& | Saturated, dark gray refuse; paper, cloth, plastic, metal; 1112 E PID = 4.8 ppm
k3 moderate to much deposition; ador. 146 E H2S = O ppm
~320 s Tk .
7
25 7 33 20 is‘ i Saturated, dark gray refuse; slightly decomposed wood, -
.;{ | plastic bag, blue plastic cap, metal.
d s Tt ‘
8 | 20 | 28 |» | Saturated, dark gray refuse; thin wood pieces {somewhat 168 INo sample retained.
< strong, some decomposition); odor. PID = 3.1 ppm
316 {{ s+ . H2S = O ppm
30 =4 =

11725736 1WLIJ PKCLF
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11/25/96 1WL1J PKCLF

Project: Puyallup .I Kit Corner Landfill Log of Borlng PKC-MW13
Project Location: King County, Washington
Project Number: 954026NA ~ Sheet 2 of 2
SAMPLES §
s 8 k7
= - - a !
§ £ | s|e§ 2 |e MATERIAL DESCRIPTION |5 Eo| REMARKS AND
§§ §§ s €88 2 |8, @ |28 S| FIELD / LAB TESTS
W - ° o [ -
e 2|82 = |63 R
30 ¢ ¢| REFUSE in little soil matrix, saturated, dark gray
¥ | (continued).
7.7 -
7t arder drilling at 32.5 ft.
9 ‘33 50/5" s‘_?, ¥ | Saturated, dark gray refuse; plastic bags; greatly 1 26 PID = 0.7 ppm
. ¢ ¢| increased soil matrix. H2S = 0 ppm
~310 E G i e IR LR LT ‘
Very dense, wet, da(k gray, SILTY SAND with GRAVEL
35—- 6 1 S0 EEE~ {SM}, gravel up to 3 inches. . 1 23 PID = 0.0 ppm
] i H2S = O ppm
1 3 1 PID = 0.0 ppm
11| 20 [50/1.5" g 1A 2 H2S = 0 ppﬁa
306 1 Bottom of boring at 38.2 feet. ' Finished drilling at
1345 hrs.
40— o -
—-300 1 H ]
45— - -
—295 1 H 4
50— — |
—290 - 4
55— - .
-285 : 1
60— o =
280" 1 - .
65— = =
1
-275 1 H
70
ga Figure C-7
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Project Location:

Project: Puyallup / Kit Corner Landfill

King County, Washington

Log of Boring PKC-MW15

Project Number:  954026NA Sheet 1 of 1
Datels) Logged Checked
Drilled 3/11/96 By M. Cralg / B. Metcalfe By D. Haddock
Drilling ; . Drill Bit . Surface
Mathod Hollow-Stem Auger {4-1/4-inch-ID} | g; . MType 8-1/24nch carbide bullet with spade Elevation {feet} 340.6
Driil Rig N Drilied - Total Depth
Type Mobile B-61 HDX By Tacoma Pump & Drilling Drifled (feet) 26.0
Depth to Ground-; First  {Completion| 24 Hours Hammer Weight/ Sampler : .
water (feet, bgs}i Dry Dry Dry Drop (!bsﬁn.)g Typep California
Diameter of _ Diameter of Type of , Screen
Hole {inches) 8712 | Wall linches) 2 Well Casing  Schedule 40-PVC » Perforation  0-010-inch slot
dypeof . 10/20 Colorado Silica sYpeof  Bentonite chips 26-23 ft and 9-2 ft, concrete 2 ft to surface
Comments
SAMPLES _5
g 5 8
= - & O . a.
T £ 5 |gB| 5 | ‘MATERIAL DESCRIPTION =E REMARKS AND
> - ol§52 ¢ |E 4B D
2% S0lo 2o 2 a w |23 9| FIELD / LAB TESTS
29 ota E o o
e OL (5 S| o i S’ ° s
o ~ Z |axc| m 0 a8 2
340 i COVER SOIL B
g .- Moist, brown, poorly graded SAND with SILT and E 190 I3
_ GRAVEL to SILTY SAND with GRAVEL (SP-SM/SM}. ug; !
L
] it 1
_ e N
335 5 1 5 22 |¢_¢| BEFUSE: Damp; metal debris (not corroded), hard plastic
¥ | tragments. ]
7, 7
J F 1 J
J gf f. i
J fﬁ‘ ¥ J
v s k3
104 - . . .
| 330 ] g{ < | Rubber debris, plastic. |
*:v‘?, 7 }-Coarse gravel.
| [$ . | Soil matrix consists of moist, black, SILT with SAND and
. 7 | GRAVEL {ML}); moderately decomposed plastic. -
o s 7 -
| Sl 1o PID = 0.0 ppm
15 5"’ 2 - _
-3256 ) EREE
k2
k {: " -;—Becomes damp to moist. 1
1 s ¢ | Mostly sdil matrix consisting of wet, gray, SILTY SAND 1
] ¢ "1 (SM), fine- to medium-grained, with occasional fine |
> ¢| gravel; occasional plastic and metal debris.
20 A .
320 7 ]
1 s ¢ 0 PID = 0.0 ppm
1 g | Very dense, moist, brown, poorly graded SAND with SILT : Hard drilling at 22 ft.
- and GRAVEL (SP-SM}, medium- to coarse-grained sand, E
fine gravel.
25 = i ; _
| 315 2 30 | 50/3 pEada 4] PID = 0.0 ppm
4 . Bottom of boring at 26.0 feet. i Terminated drilling at
- 1415 hrs due to refusal.
30

11725796 1WL1J PKCLF
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Project Location:

Project: Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-MW16

—
11/25/36 YWL1J PKCLF

Project Number: 954026NA Sheet 1 of 1
Datets) 3/13/96 £o%9ed B, Metcalfe gyacked D. Haddock
Drilling . . Drill Bit . Surface
Method Hollow-Stem Auger (4-1/4-inch-ID) SizeType 8-1/2-inch carbide bullet with spade Elevation (feet) 321.8
Drill Rig . N Drilled sre Total Depth
Type Mobile B-61 HDX By . Tacoma Pump & Driiling Drilled (feet} 26.0
Depth to Ground- First  (Completion| 24 Hours Hammer Weight/ Sampler AP
water {feet, bgs) Dry Dry Dry Drop (lbsfin.) 140/30 Type California
Diameter of . Diameter of Type of Screen
Hole {inches) 8-1/2 Well {inches) 2 Well Casing Schedule 40 PVC Perforation 0.010-inch slot
sype of «  10/20 Colorado Silica $Ype ol Bentonite chips 26-23 ft and 10-1 ft, concrete 1 ft to surface
Comments
SAMPLES S
< = 8
2 - > 3 &
s £ 5 legl 5 MATERIAL DESCRIPTION L |5 E =l REMARKS AND
38 g8le £ |83 % @ (2SS | FIELD / LAB TESTS
w ';.') o 8" > 3 E Q o o [i H
0 F Z jox| m . . > &
Moist, brown, poorly graded SAND with SILT and EE {Started drilling at
GRAVEL to SILTY SAND with GRAVEL (SP-SM/SM), 1 7410930 hrs.
| 320 | gravel up to 2 inches.
Hard drilliné, rig chatter
at 3 ft.
5_ &
1 Very dense, moist, gray, poorly graded SAND with e ZIES=—064 p:)nm
. GRAVEL 10 poorly graded GRAVEL with SAND (SP/GP), 1 EcLinment bioKa at
-315 i medium- to coarse-grained sand, subrounded gravel 1/4- 1 0342 hrs: resumed
to 1/2-inch size. drilling at 1015 hrs.
1 &—Becomes brown; coarser gravel {up to 2 inches). R v i
| Very dense, moist, brown, poorly-graded SAND (SP), | -
A" . ¢ ] Harder drilling at 10 ft.
10 5 30 50735 medium-grained, with fine gravel, few coarse gravel. _ 0 1 PID = 0.7 ppm
e I =2 SRR H2S = O ppm
Very dense, moist, gray, poorly graded SAND with SILT
-310 1 and GRAVEL (SP-SM), subrounded gravel up to 2 inches;
zones of increased silt content.
15- - g —
3 75 1?5é'. Very dense, moist to wet, brown, poorly graded SAND 0 M;chhffasuer drilling at
: (SP), medium-grained, with trace silt, trace gravel up to H.ZS - 0 ppm
-305 ] : 1/4 inch; no free water. : 1 MC=;4 PP
i { ; Gravet layer. | SA=5
| }" Gravel layer. |
20 4 | 100 [130/11 3_ Layer of very dense, wet, brown, poorly graded 10 PID = 0.0 ppm
GRAVEL with SAND (GP}, subrounded, fine to coarse | H25 = O ppm
gravel, medium- to coarse-grained sand.
300 J .
] ‘Very dense, moist, brown, SILTY SAND (SM). |
25~ EA {60 | 85/6° D B o PID = 0.0 ppm
] 5R k \Very dense, moist, brown, poorly graded SAND (SP), H2S = O ppm
medium-grained.
295 | g ; / J Finished drilling at
Bottom of boring at 26.0 feet. 1200 hrs.
30 N
aa Figure C-9
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Project:

! Puyallup / Kit Corner Landfill
Project Location: King County, Washington

Log of Boring  PKC-MW17

Project Number: 954026NA Sheet 1 of 1
Date(s} Logged Checked
Drilled 3/12/96 By B. Metcalfe By D. Haddock
Drilling . Drill Bit _ P P : Surface
Method Hollow-Stem Auger {4-1/4-inch-1D} Size/Type 8-1/2-inch carbide bullet with spade | . avion (feet) 3343
2\';"}:“9 Mobile B-61 HDX Giled  Tacoma Pump & Drilling poral peptt, 26.5
Depth to Ground-  First  {Completion} 24 Hours | Hammer Weight/ Sampler .
water (feet, bgs)| Dry Dry Dry Drop (Ibs/in.} 140 /30 Type California
Diameter of R Diameter of Type of Screen p
Hole Ginches) 812 | Well (inches) Well Casing  Schedule 40 PVC Perforation  0-010-inch slot
gggg g;ck . 10/20 Colorado Silica gggf(’s‘,’f Bentonite chips 26.5-21.5 ft and 8-1 ft, concrete 1 ft to surface
Comments
SAMPLES &
< g 5
o - > S 2
s, £ Bles| 5 |2 MATERIAL DESCRIPTION _, |5 E o REMARKS AND
2% 8%le £ |83 3z |e : @ |23 S| FIELD / LAB TESTS
m® o2& 5|58 2|82 N T
- 2 |adc m (G ] = =
0 b :IW{ COVERSOIL :E {Started drilling at
: Moist, brown, paorly graded SAND with SILT and £73] 1530 hrs.
| GRAVEL (SP-SM), gravel up to 1-1/2 inches. f Composite Sample
; 1 - TP17+TP18+MW17-1:
] sA=10
|3 - 3 . - Driller noted easy drilling
330 5 }’? s i REFUSE: Moist; plastic, metal, baby shoe. at 4 ft; refuse observed
2 0 |35/10" )¢ _ < 0 on auger flights.
g 1 No recovery; sampler
s ¢ bouncing on hard
] 2 material.
7. 7 PiD = 0.3 ppm
1 : N H2S = 0 ppm
4 7T 1
—325 q{ '
10 3 50 21 = 2 I” Moist, plastic bag, hard red plastic (fair condition). 0 PiD = 0.0 ppm
L B N H2S = 0 ppm
a s 7
¥ 2 7
3 s s
320 -;g <
15 4 |100| 88 |¢ | Moistto wet, wood, glass, metal, plastic, foam {very 0 PID = 0.0 ppm
< °{ decayed), paper (releases water when squeezed, but no H2S = O ppm
;{ ¢| free water); moderate decompeosition.
‘s 7]
v s 3
-316 > 2
20 - 7 |- Moist, plastic, metal; moderate decomposition; in matrix
§ |100[50/1.5"= <! of SILTY SAND to SANDY SILT {(SM/ML), increasing sand -
71 .and gravel with depth.
g Very dense, moist, dark gray, SILTY SAND {SM); thin AHarder drilling at 22 ft.
& 11005075 {1/4 inch) layers of SILT {(ML}. 0 PID = 0.0 ppm
Very dense, moist, brown, poorly graded SAND (SP),
| 310 medium-grained, with scattered gravel.
_ “"Very dense, maist, gray, SILTY SAND (SM),~ _
25 7A | 100 [100/11 medium-grained, with scattered gravel. o 32;80.1 ppm
7B :E" — Becomes brown. SA=17
I Bottom of boring at 26.5 feet. Finished drilling and
. started well installation at
\ 1730 hrs.
305 1 I |
30

11/25/96 1WL1) PKCLF
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Project Location:

Project: Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-MW18

Project Number: 954026NA Sheet 1 of 1
Date(s) Logged Checked
Dilied 3/13/96 - 3/14/96 By D B. Metcalfe By D. Haddock
Drilling _ " Drill Bit ~ Surface
Method Hollow-Stem Auger {4-1/4-inch-ID) Size/Type 8-1/2-Inch carbide bullet with spade Elevation {feet) 323.7
Drill Rig Drilled iy Tota! Depth
Type Mobile B-6T HDX By Tacoma Pump & Drilling Drilled {feet) 26.0
Depth to Ground-}  First  [Completion{ 24 Hours Hammer Weight/ Sampler e .
water {feet, bgs})! 19.0 - - Drop (!bsﬁn.)g 140/30 T\fpep California
Diameter of _ Diameter of Type of Screen
Hole {inches) V2 | wWell (inches) 2 Well Casing  Schedule 40 PVC Perforation  0-010-nch slot
gzgg g; ok 10/20 Colorado Silica gzgle(s‘)’f Bentonite chips 26-23.5 ft and 10-0.5 ft, concrete 0.5 ft to surface
Comments
SAMPLES 3
- = '
§ - § 3
o— - P (=] .
g, £ 5 (eg| $ |2 MATERIAL DESCRIPTION |5 E | REMARKS AND
3% §§ g £/88] 2 |5, , : W |2 58| FIELD / LAB TESTS
m o i =
£ a0lE 3|88 & |63 2 [Te
COVER SOIL H [{Started drilling at
- Moist, brown, SILTY SAND (SM), with fine gravel. . 1450 hrs on 3/13/96.
1 — T~ -
320 ifal p—Becomeswet. :
¢ ¢[ REFUSE: Saturated, dark gray; plastic, wire, glass, small
5 < |_ twigs (intact, brittle); some decomposition; in matrix of _ [
2 | 100 28 §$, %] SANDY SILT to SILTY SAND (ML/SM), fine-grained sand, 0 PID = 0.0 ppm
L. Wet, dark brown, SANDY SILT to SILTY SAND i
. 7 (ML/SM); possible old topsoil with refuse mixed in.
| Very dense, moist, brownish gray, SILTY SAND with | . .
3|5 [ 83 L GRAVEL (SM), fine-grained, ~30-36% gravel up to 1 inch. Strong “rotten egg” smell
. around augers for
—315 ] 3-5 seconds while drilling
10-13 ft; no hits on
- - till-li — inst t.
10 a2 100 [ 5073 ;—Becomes gray; till-like appearance. o ";IBU’:‘BS.O opm
R H2S = 0 ppm
—310 i
15 5 | 100 [50/4.5" 14 1o PID = 0.0 ppm
MC=8
SA=35
Stopped drilling at
1605 hrs on 3/13/96.
Resumed drilling at
-305 v 0750 hrs on 3/14/96.
J—Becomes wet. = Easier drilling at 19 ft,
20 6 | 100 | 60/2" ’ 1 s PID = 0.0 ppm
4 p H2S = 31 ppm
Harder drilling at 21 ft.
—-300 1
25 7 80 [100/5" ok *-Becomes moist, with coarse-grained sand. T 0 PID = 0.0 ppm .
Lt H2S = O0-1 ppm
’ Finished drilling at
4 L Bottom of boring at 26.0 feet. 4 0900 hrs. H2S level rose
‘ to 42 ppm at 1005 hrs
1 r 7 after putting 5 ft of water
—295 in casing, but dropped to
[ 1 0 ppm at 1020 hrs after
30 fully flushing casing.

FigLure C-11
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Project Location:

Project: Puyallup / Kit Corner Landfill

King County, Washington

Log of Boring PKC-GP23

Project Number: 954026NA Sheet 1 of 4

gﬁﬁiﬁs’ . 3/11/96 - 3/13/96 = léggged g;\ecked D. Haddock
Mothed Alr Rotary with Casing o A o T-7/8inch tricone bit Surface ey 32217
R DR 24 (Foremost) a'ed  Tacoma Pump & Driling . Total Depth 124.5

Depth to Ground-]  First

Sand Pack Pea gravel

Seal(s)

Completion| 24 Hours Hammer Weight/ Sampler :
water (feet, bgs) - - - Drop (Ibs/in.)g Tvpep SPT. Calitornia
Diameter of _ Diameter of Type of Screen
Hole (inches) 8-3/4 Well {inches) 3/4 (5x) Well Casing Schedule 80 PVC Perforation 0.020-Inch slot
Type of Type of Bentonite chips 124.5-118.2 ft, 84.8-80.1 ft, 64.9-58.9 ft, 44.9-40 ft,

24.9-20.2 ft, 7-2.5 ft; concrete 2.5-0 ft

Comments Gas probes labeled A to E, shailowest to deepest; probes equipped with [abcock protected by locking standpipe.

SAMPLES
c P
0 . > 8 ‘ Probe ' .
s, ﬁ« Bles| 5 |2 MATERIAL DESCRIPTION _, | Completion| REMARKS AND
2% o9|n €183 2 |8 @ Log FIELD / LAB TESTS
— [ =]
L [a P > 3 R o g
0 - Z |oc m LU R EDCBA
: Dry to moist, gray, SILTY SAND (SM), fine- to ¥ Started drilling at
4 rmedium-grained, with occasicnal fine gravel [Fill?]. g ; 1630 hrs on 3/11/96.
. b
—-320 1 :"
1 - 0 Uk ; 7 PID = 0.0 ppm
1t
5 "Very dense, dry to moist, gray, poorly graded SAND rrln
2 30 65 with SILT {SP-SM), medium- to coarse-grained, with AL ;
ﬂ§ fine gravel. 1 E 2 ’2 2 Z
Brown SILT (ML) lens, 2 to 3 inches thick. AU A1
-315 1 T bl [+ £+ [+ [+ [ Stopped drilling at
o N R - 1 U = b2l B2l b Fol b1 710 brs on 3/11496.
Very dense, wet, brown, SILTY SAND (SM}, fine- to Pol [ol [ [l [+l [+|ReSUmMed drilling at
E medium-grained, with occasional fine gravel. of fof Lo [¥ L.: +/0830 hrs on 3/12/96.
10 bl b b b :Cutﬁngs wet at 9 ft,
\\ 3 | & | 504" Very dense, dry to moist, gray, poorly graded SAND o |tk ::: :} PID'= 0.0 ppm
{SP), fine- to medium-grained, with occasional fine ol [ [l 1] [oET
O to coarse gravel. SRR PR
-310 T T TTTTmmmmmnmmsseseo s e oo oo Avaiiiaiiebiely Al ER Eud
4 Very dense, moist, gray, SILTY SAND with Pol [of bof [of [l L
GRAVEL (SM), fine- to medium-grained sand, fine to Lol [of Bot [f [
coarse gravel. HANE XA N g
| A R
16 § | 60 | 135 o el g [l 1] £-2 PID = 0.0 ppm
Very dense. moist to wet, gray, poorly graded | el by ] FeEt
-305 | SAND with SILT (SP-SM), fine- to medium-grained. - S S
6 - e ] ST NS =S
Very dense, wet, gray, poorly graded GRAVEL with bol [ L] 1o L0
ﬁ:‘Le‘l_'gigidneS:IS\la?\é?P-GM), fine to coarse gravel, 1 JELEL S, :.:.: Drilling through gravel at
20— . _ .; EJ .; ; *."]19 ft.
N 5 | 8o y “—Materia! in sampler is moist. A4
| N ’/ A 7, 7
4 AU A F
-300 Very dense, wet, gray, SILTY SAND (SM}, fine- to /J A
8 - medium-grained, with occasional fine to coarse A0 91
gravel {Till?]. A A
25-Ky 9 [ 20 [son- | ] dhELE
) . ﬁﬂecomes moist. : ol Lo [ ¢
-295 Becomes wet i Dl §f [ol |- Driller reported possible
, { 4 o 1 Lo Lo
10 — ; ;—Becomes dry to moist, with increasing NENASEN
coarse-grained sand and gravel content. 1 Lol bl 0] L
30 I. P. F. P.

11725736 YWL1J1 PKCLF
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Project: Puyallup / Kit Corner Landfill Log of Boring PKC-GP23
Project Location: King County, Washington .
Project Number:  954026NA Sheet 2 of 4
SAMPLES
= 4
E . = Probe
@ £ E1gsl 5 |8 MATERIAL DESCRIPTION _; | Completion| REMARKS AND
E 2 9%l -g 95 z |a w Log FIELD / LAB TESTS
ue d&lg E158 5 (8¢ 2|
- Z |ac@ m (L ] -3 EDCBA
30Ky 0 _100/2"Y 4] Very dense, dry to moist, gray, SILTY SAND {SM), Lol [+ - Fine gravel in sampler
: 4 fine- to medium-grained, with coarse-grained sand 1 SENAN shoe.
and fine to coarse gravel [Till?] (continued). of [ [e
290 1 ‘_Becomes moist; increasing silt content. 1 AN
11 - i :: ': .
bl e b
35 12 | 60 | 90/6" 1 0 ikl Moist in top of barrel,
h i tol Lol [ damp in sampler shoe.
bl pol b PID = 0.0 ppm
| 285 B ] | bl b
13 = | | o 1 1
1 ¥ r‘-—increasing coarse-grained sand, decreasing 1 . JF
gravel content. S L) [
40-K 0 _|Bo/oe I~ 7 A 1 1
280 14 - Very dense, moist, gray, poorly graded SAND with | | [/
SILT {SP-SM), firie- to medium-grained, with A 1
E occasional fine gravel. 7 A4
A ¥A VA
- 1 dul
45—+——+—F+——L b8 ... e e e e _ .1 ;' % Z2
TNy s [60] 66 Very dense, moist, gray, SILTY SAND (SM), fine- to o Pt PID = 0.0 ppm
-% medium-grained, with occasional fine gravel. E w50
275 1 1 44
i | el b
S0=y 16 | 40 i R
00/7.5 Very dense, moist, brown, poorly graded SAND L*l 11 beH
EN (SP), fine- to medium-grained, with trace silt, - AU A5
occasional fine gravel. tl [+ [+E
—-270 1 1 SN .:E
H H
1 r“No gravel. 1 ol bl Lo
=4 - - ME SRS
S5y o 90/ o fiblE PID = 0.0 ppm
TR : 1 HHE
265 17 | 60 | 75/6° ‘—Becomes wet, 1 2 g
18 - "—Becomes moist. 1 =: : ::
60— - s ,34 b .
N 19 5 [80/4.5 -L_With occasional cobbles. . | E Cobble in sampler shoe.
14
—260 ] ‘—'With some fine- to coarse gravel. 1 ;
65—+ 20 | 60 r—-g;t‘r,\e?ccasional coarse-grained sand and fine -1 :’f ::
N 1 :. [s
4 Very dense, moist, brown, poorly graded SAND : :: [:=
with GRAVEL (SP), fine- to medium-grained with Aldn
21 - trace coarse-grained sand, ~25-30% fine to coarse E [+ [
gravel, trace silt. Al¥s
|
70 ~ -
ga Figure C-12
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Project: Puyallup / Kit Corner Landfill
Project Location: King County, Washington

Log of Boring PKC-GP23

Project Number: 954026NA Sheet 3 of 4
SAMPLES
c -
2 . -» 38 Probe
5 5 Bleg 5 {2 MATERIAL DESCRIPTION _, | Completion| REMARKS AND
2% §T|o 3al z {& . i FIELD / LAB TESTS
23 oja E b3 a
e oLl S (s 2 |E2 o .
7 — & |adx m LU >
03 22 | 50 20 Becomes medium dense. ' 0 [ PID = 0.0 ppm
% 8. Medium dense, moist, brown, poorly graded SAND b
with GRAVEL (SP), fine- to medium-grained with e
-250 1 trace coarse-grained sand, ~25-30% fine to coarse .
gravel, trace silt {continued). N
1 [~ Sand becames medium- to coarse-grained with [
| trace fine grains. .
751 0 L—Becomes very dense, fine- to medium-grained, »" .
L 0 | 502 with “20-30% coarse-grained sand and fine to A ggzedlnven on coarse
23 | 50 coarse gravel. (. PID = 0.0 ppm
245 . :
80 24 - ‘L—With no coarse gravel, occasional 5
i coarse-grained sand to fine gravel. 2
240 1 ‘ .
‘—lncreasing fine gravel content to ~25-35%. g
85§25 | 0 :
N ;_'With occasional coarse gravel. *
" 26 5 | 80 BB e e erememmm—m——a—an] b
\ Very dense, moist, brown, poorly graded GRAVEL [
—235 N with SAND (GP}, fine to coarse gravel, medium- to |
] coarse-grained sand, trace silt. [~
50 , o PID = 0.0 ppm,
e ;—Becomes dry to moist. ':=-
—230 Mg
‘—Becomes moist. E,E
o ; o Easier drilling; wet in
95 29 | 50 | 83/8" lae% { Becomes moist to wet. [o[] sampler barrel, damp in
H sampler shoe.
Very dense, moist, brown, poorly graded SAND -0 PID = 0.0 ppm
| 205 E {SP), fine- to medium-grained, with trace siit. o
100 30 - —¢—With accasional fine gravel. ':: { PID = 0.0 ppm
1220 - i
B H -‘:u
106+ 31 | 60 55 iy Becomes medium dense. -H
N iat
215 7 ‘H
1 1c 'l I-i-l-'-l l-l-

11/25/36 TWL1J1 PKCLF

Figure C-12

Woodward-Clyde Consultants
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Project: Puyallup / Kit Corner Landfill Log of Boring PKC-GP23
Project Location: King County, Washington
Project Number: 954026NA Sheet 4 of 4
SAMPLES
_5 . > § Probe
8 £ g les|l 5 |8 MATERIAL DESCRIPTION _, | Completion| REMARKS AND
8% 8%ls €88 2 (8o & Log FIELD / LAB TESTS
[TV P (=4 5 o — )
lz. ?2 &_’é m |@8 R EDCBA
110 e n N 0
32 - Medium dense, moist, brown, poorly graded SAND 4] -
{SP}, fine- to medium-grained, with trace silt, J b
- occasional fine gravel (continued). [
—210 1
L\ 33 | 50 24 I No gravel. 1 :
N ¢
—205 ] 1 .
1
120 ) — -
'L—No silt.
200 7 7
J 35 | 60 | 14 )
N _
125 . — " -
Bottom of boring at 124.5 feet. . |Finshed drilting at 15556
E 4 on 3/13/96.
195 1 1
130 o -
L-190 B J
135 B .
—-185 I 1
140 ~ -
i—180 r
145 o -
—-175 i 1
150 Figure C-12
;e igure G-
Woodward-Clyde Consultants e 9




Project:
Project Location:

Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-GP24

11/25/96 1WL1J1 PKCLF

Woodward-Clyde Consultants

Project Number: 954026NA Sheet .1 of 4
Dat L
Datefs) 3/14/96 - 3/15/96 togged . Cralg Ghecked D. Haddock
Drilling . N : Drill Bit R : Surface
Methad Air Rotary with Casing Size/Type 7-7/8-nch tricone hit Elevation (feet) ° 338.1
Drill Rig : Drilled . Total Depth
Type DR 24 (Foremost) By Tacoma Pump & Dirilling Drilled (feet) 124.0
Depth to Ground-  First  [Completion; 24 Hours | Hammer Weight/ Sampler .
water (feet, bgs) - - - Drop (lbs/fin.) 140730 Typep SPT, California
Diameter of ~ Diameter of Type of Screen
Hole (inches) 8-3/4 Well (inches) 3/4 (5x) Well Casing Schedule 80 PVC Perforation 0.020-nch slot
Type of Pea gravel Type of Bentonite chips 124-118.2 ft, 84.9-80.1 ft, 64.9-60.1 ft, 44.840.1 ft,
Sand Pack 9 Seal(s) 24.9-20.1 ft, 6.8-2 ft; concrete 2-0 ft )
Comments Gas probes labeled A to E, shallowest to deepest; probes equipped with labcock protected by locking standpipe.
SAMPLES
< e
L - > o Probe
8, 5 B8l 5 |2 MATERIAL DESCRIPTION _, | Completion| REMARKS AND
;"§ R 2 E 30 2 o w FIELD / LAB TESTS
0 - Z2 jooxc| m |Oa B
T:¥4l Dry to moist, brown, SILTY SAND with GRAVEL 0 ] Started drilling at
. {SM), fine- to medium-grained sand, ~20-30% fine P 1405 hrs on 3/14/96.
to coarse gravel [Filll. o
335 1 - é é é é é’ PID = 0.0 ppm
1 - ‘-—Becomes moist. E é E é g
5 2 20 Very dense, moist, gray, SILTY SAND with E E Z EA 2 :
4 GRAVEL (SM), fine- to medium-grained sand, . AN v -
~20-30% fine to coarse gravel [Tilll. 2 1 V1 ) ) Crilling through cobbles.
1 7 Becomes dry to moist, with occasional cobbles. of Lo Lof Be| [ [ ’
+ AR
_330 J dicRanene :: Easier drilling.
3 — of B Bl [ el
10— o o el B e
0 75/2.579: 0ttt | L-[2:| PID = 0.0 ppm
:: 8 :: | hes :Cohb!e in sampler shoe.
sl gl
325 _: 4 bl e '::':
s — SR A s -
: Lol {of [ {+} L[] +|Bit becomes bound.
15 0 100/4.5" . ’: | ’: '::.: Cobble in sampler shoe.
5 0 _[BO/G""* 2 :: :: . .:::
320 § - };-‘—With some coarse-grained sand, increasing :E : :E E :E: .
gravel content to ~30-40%. Bl b el 1 :.;.
20 7 | 5 | 50/&" |43t 4 A 1A 4 1277 Cobble fragments in
A1 7 sampler shoe; also fine to
/2 2 /77 jcoarse gravel.
8 - c AUk PID = 0.0 ppm
—315 A0 Difficult drilling; driller
11 7 reported possible
. AV4 1 boulders {cuttings
25 5 5 5o X 18] b s]indicate gravelly sand).
a2 :: . 8it becomes bound.
JHE
10 - . . . . . . *l [ [ [*
-310 r—Decreasmg medium-grained sand, increasing silt Lol {of Lo [»
content. : : -: 3
o Bl Bl FeEeaec]Difficuit drilling.
30 -
Py Figure C-13




Project Location:

Project: Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-GP24

‘\Sheet 2o0f4

Project Number: 954026NA
SAMPLES
- = .
_S N > 8 i Probe
3 £ 5 [ge] 5§ |8 MATERIAL DESCRIPTION _, | Completion| REMARKS AND
2% 28|le £|82 |5 i log | FIELD / LAB TESTS
E|e 3 4
L—U£ D.E)' Q w Q o oo -
> I |low - -0 9
F 2 |lac| @ |o3 S [EDCBA
30+ 0 Ho0/3" "W Very dense, dry ta moist, gray, SILTY SAND with Lol [sf [#] [} =2.{Bit becomes bound,
. GRAVEL (SM), fine- to coarse-grained sand, - S S 2 23
~30-40% fine to coarse gravel, occasional cobbles Lol Lol Lo [=fL2er
n [Till) (continued). 1 HRR bE
Fo| Bol [o| Dol e
-305 R LB Bt Beoeee
Very dense, dry to'moist, gray, poorly graded 4 bl Fet Fol fobdoaea]Curtings consist of fine to
, GRAVEL with SILT and SAND (GP-GM], fine to o b P2) bobpoacejcoarse grave! and broken
35 3 coarse gravel and occasional cobbles, fine-grained 10 FIb Pot [e[Ta2s2{cObDles,
sand. Lol [o] [o| [*[L=2*.{ PID = 0.0 ppm
] o [| Lof [-[T=:+2]Stopped drilling at
J S bl pol boHpe-2+11800 hrs on 3/14/96.
o| [+ [*| [*[L~.+.{Resumed drilling on
| 300 12 . e U beEea]3r15/96.
o Lot fef [o[T-2+"{Cuttings consist of fine
b 5_ JFA Bt gravel and broken coarse
Fol Pal Fel Po*aa"s"gravelicobbles.
40 ) 10 UHHIEZZ] PO =00
AU = Y.L ppm
[ S I < U ORI AN
Very dense, dry to moist, brown, poorly graded A 7
.295 SAND with SILT and GRAVEL (SP-SM), fine- to A ¥
12 medium-grained sand, fine to coarse gravel. 2 2 2
Very dense, dry to moist, brown, poorly graded AN
45 GRAVEL with SAND (GP}, fine to coarse gravel, - o tel Pe
0 medium- to coarse-grained sand, trace silt. [<] [ [=
-290 1 1 xS ::E
15 | | - . oo e ] L4 - ."’r'
Very dense, maist, brown, poorly graded SAND - ::
50 ) with SILT and GRAVEL (SP-SM), fine- to - [+ [+f [
medium-grained sand, fine to coarse gravel. ANXAXs
285 ] " Vory donen, meist, browniah aray, SITY SAND o 225 deaster ritng.
16 with GRAVEL (SM), fine- to medium-grained sand, el bel bk
55 ~15-25% fine to coarse gravel. & :: :::
17 (10 Very dense, maist, gray, SANDY SILT (ML), o b PID = 0.0 ppm
E fine-grained sand, with ~10-20% fine to coarse E SR
gravel. Lot bl [
280 : | T HEER
18 A :'r—Decreasing gravel content. . J3)E
60 o - 2
1-275 1 | | | T o T T T e AN vk
Very dense, moist, gray, poorly graded SAND w:th
8 L SILT and GRAVEL (SP-SM), fine- to medium-grained -
sand, ~20-30% fine to coarse gravel. ]
65 . o] 1
1 _-;—Increasing gravel content. 1 1
-270 ; ' . 2k
20 ol 1
Poorly to well-graded SAND with GRAVEL (SP/SW). SI%
70

11/25/96 1WL1J1 PXCLF

Figure C-13
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Project Location:

Project: Puyallup / Kit Corner Landfill
King County, Washington

Log of Boring PKC-GP24

Project Number: 954026NA Sheet 3 of 4
SAMPLES
= -~
5 . - 8 Probe
® £ B |es| 5 |8 MATERIAL DESCRIPTION _ | Completion| REMARKS AND
a8 8%l E |83 = & w FIELD / LAB TESTS
we al|e 51|58 o go
o O st [=) 0
F Z2 |lac|] o |04 -3
70— 21 10 |50/2.5" Very dense, moist, brown, poorly graded to o
J well-graded SAND with GRAVEL (SP/SW), fine- to ; .
medium-grained with some coarse-grained sand, [
4 “20-30% fine to coarse gravel, trace silt 1 o
{continued). . [
266 Very dense, moist, brown, poorly graded SAND .
E (SP), fine- to medium-grained, some coarse-grained :
- sand, fine to coarse gravel, trace silt. o
75 \\ 22 | 30 [100/3 1—2:(;?';11% gray; no coarse-grained sand, gravel, | g :: PID = 0.0 ppm
- -‘—With “15-25% fine to c§arse gravel, trace silt. k :S
260 B I 1 .
80-mw—2 70 | 807~ i 1 v
-265 ] 5
85 25 - $_Decreasing gravel content to ~5-10%. 40 ¢ | PID = 0.0 ppm
| b
—250 J :
26 - ‘—Increasing fine gravel content to ~“20-30%. : a
90 27 s [100/7° 7] :: <Fine to coarse gravel in
4 » Jsampler.
245 1 ¢—Inc_reasing coarse-grained sand and gravel. 1 ]
2 = T dansa et iawn, pooily graded GRAVEL ] © | ] Pio = 0.0 ppm
LY with SAND (GP), fine to coarse gravel, fine- to i .
95 medium-grained sand, trace silt. 2
240 1 r—“|ncreasing coarse-grained sand content. 1 ::
29 - ;—With occasional cobbles. 1 L
100 0_{78/3°~ 1
ge Ditficult drilling.
235 i :E PID = 0.0 ppm
105 I - R it - 0 ':: : i . ”
Very dense, moist, gray, poorly graded SAND with H {Easier drilling.
4 GRAVEL (SP), fine- to medium-grained with some 1 [+
coarse-grained sand, ~20-25% fine to coarse K
1 gravel. o8
530 A 1 b
g r—lncreasing gravel content. s
110 ::!_ | 4 4 & 8 8 88

11/25/96 TWL1JY PKCLF

Figure C-13
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Project: Puyallup / Kit Corner Landfill

! : . Log of Boring PKC-GP24
Project Location: King County, Washington
Project Number: 954026NA Sheet 4 of 4
SAMPLES
_S . > § Praobe
® £ Eleeg| 5 |8 MATERIAL DESCRIPTION _, | Completion] REMARKS AND
28 g8le 2183 2 (B8 u FIELD / LAB TESTS
0 - Z |axc| @ |03 =
1 31 5 [50/4.5" Very dense, moist, gray, poorly graded SAND with Coarse gravel and broken
GRAVEL (SP), fine- to medium-grained sand, fine to cobble in sampler.
- coarse gravel (continued).
— <—SILT (ML) layer, 3 inches thick. 1
—-225 1
115 1
- hDecraasing gravel content to ~15-25%, trace
silt.
220 7
L—Decreasing gravel content. b
-215 LT 5 | 75/3° 1 Coarse gravel in sampler
shoe.
125 = Bottom of boring at 124.0 feet. - .
—210 1
130 = -
- | e
—205 1
135 B —
200 1 1
140+ - —
195
145 - .
—190 1
150 5 / Figure C-13
; La igure C-
T1726/36 TWLIJT FRCLF Woodward-Clyde Consultants w ~




Project:
Project Location:

Puyallup / Kit Corner Landfill

King County, Washington

Log of Boring PKC-IGW1

Project Number: 954026NA Sheet 1 of 1
Date(s) Logged Checked
Orilted 3/15/96 By ” B. Metcalfe By D. Haddock
Drilling Drill Bit . Surface
Method Hollow-s_tem Auger (8-1/44inch-D} Size/Type 13-1/24nch carbide bullet bit Elevation (feet) 360.6
Drill Rig e R Drilled s Total Depth
Type Mobile B-61 HDX By Tacoma Pump & Drilling Drilled (feet) 26.0
Depth to Ground-{  First  {Completion| 24 Hours Hammer Weight/ Sampler "
water (feet, bgs){ 13.0 - - Drop (Ibs..ﬁn.)g 140 /30 Typep California
Diameter of R Diameter of Type of 3 Screen
Hole (inchest 19°M2  |well (inches) 4 Well Casing  HDPE SDR 11 Perforation  1/4-inch slot
gggg g;ck 3/8- to 3/4-inch gravel. gggﬁs?f Bentonite chips 26-19 ft and 8.5-1 ft, concrate 1 ft to surface
Comments
SAMPLES g
S g : kS
= - Py o [=3
8 £ g leel 5 (2 MATERIAL DESCRIPTION , |5 €| REMARKS AND
88 Bble £[83] z |& id |28 S| FIELD / LAB TESTS
wd oS S5 |s8] &2 |E2® o -
odF Z|oc| @ 63 R T
| 260 1% COVER SOIL . *E pidiStarted drilling at
b 1 Moist, brown, SILTY GRAVEL with SAND (GM). 1 0820 hrs.
1 N 23 3w 4 Composite Sample TP6
- EY # TP8 +TP23+IGW1-1: .
b4 R ¢ SA=17
‘ e B CCTETEOOTERIEe Driller reported easy
1 ¥, ¥ BERUSE drilling at 3.5 ft.
| ae5 5— 2 33 21 5-?‘ I Damp requg; paper, p_lastic, glass; some to moderate 0 PID = 0.4 ppm
> ¢| decomposition {paper is moderately decomposed and not H2S = 0-1 ppm
7 readable on outside, but print on inside is readable); in
.l s’g <} matrix of dark gray, SILTY SAND to SANDY SILT
(SM/ML).
J s <L
f P s
¥ . fF Lo
3 o
| 350 10 3 | 50 | 70/8" s‘i’ ¥ Wire, glass, abundant metal. 1 o J—1+| PID = 1.3 ppm
?'s, k23 ‘=t H2S = 0-1 ppm
] L g M 1
7T N b
- ?7 ks Possibly perched water. ¥ 0 )
J £ < Saturated refuse; abundant plastic trash bags, ::::'::-
k3 new-looking Rainbow Bread bags. LSy
C-l==4.l.o
15— 4 50 17 f{ T undant paper, plastic, glass; paper is damp to wet 1 o peitiel PID = 0.0 ppm
—345 =" 2| inside, wet to saturated outside. . -] H2S = 0-1 ppm
k3 ‘—Refuse becomes saturated; includes highly X a0
J ¥ _ st - decomposed yard debris (grass and other vegetation). P. .
7 - . Hard drilling 17-18 ft.
> . Composite Sample
4 Very dense, moist, gray, SILTY GRAVEL with SAND - IGW1-5+6+7:
(GM),_gravel up to 1-1 I_Z ir}ches, fine-grained sand; SA=31
20 K material looks like glacial till. Hard drilling at 20 ft.
340 5 | 100 50/3" | ' 0 PID = 0.3 ppm
H2S = 0-1 ppm
MC=8
6 | 100 |100/5™ i®: ] 0 PID = 0.0 ppm
H2S = 0-1 ppm
25 7 175 [ 50/a" (e LL—Increasing gravel content. 10 PID = 0.0 ppm
3356 ; H28 = O-1 ppm
5 Bottom of baring at 26.0 feet.
30

Figure C-14

11/25/96 1WL1J PKCLF
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Project:

Puyallup / Kit Corner Landfill
Project Location: King Co_unty. Washington

Log of Boring PKC-IGW2

Project Number: 954026NA Sheet 1 of 2
Date(s) Logged Checked
Driled 3ns/se By B. Metcalfe By D. Haddock
Drilling _ ] iy | Drill Bit j Surtace
Method Hollow-Stem Auger (8-1/4-inch-ID) Size/Type 13-1/2-nch carhide bullet bit Elevation (fect)  S48-6
Drili Rig . Drilled . Total Depth
Type Mobile B-61 HDX By _Tacoma Pump & Drilling Drilled {feet) 31.2
Depth to Ground| First Completion| 24 Hours Hammer Weight/ Sampler .
water (feet, bgs) - - - Drop {ibsfin.) 140/ 30 Type Califomia
Diameter of _ Diameter of Type of Screen :
Hole inches) 13-12 | well (inches) 4 Well Casing  HDPE SDR 11 Perforation 1/4-inch slot
Typeof — 3/8-to 3/4-nch gravel sype ot Bentonite chips 31.2-14.5 ft and 7.5-0.5 ft, concrete 0.5 ft 1o surface
Comments '
SAMPLES S
-~ ]
c - )
L2 - > 8 = -
8 £ gles| |8 MATERIAL DESCRIPTION , | $Ew| REMARKS AND
- §§ 2 2183 £ |5, @ |25 .9| FIELD / LAB TESTS
[TV ~— 3 S K] ™
£z |(fe| @ (68 ® il _
0 )W COVER SOIL Y] fd{Started drilling at
1 - F L Moist to wet, brown, poorly graded SAND with SILT and 731000 hrs.
’ | GRAVEL (SP-SM}, medium-grained, gravel to 2 inches. ’
- ) ittty e T T T T T T e ¢ Driller reported
: ¥ . %] BERUSE: Moist to wet; plastic, wire, glass, baggies, .
2 |33 | 22 | ¥ | metal, cloth (releases water when squeezed), partially 0 :Eg?j;n;!tf;;mg refuse at
-345 f{ ¥] rusted tin can, plastic beads; some to moderate PID = 0'0 m
1 I decomposition; in “30% matrix of moist to wet, gray, H2S = o plp_:n
5 7+ ¥| poorly graded SAND with SILT and GRAVEL {SP-SM). ! =opp
5. 7
' i ¥ 1
5. 7
4 T 1
3 O |50/2"e 5‘{ ¥ X 0 [« [+2s|Sampler bouncing on hard
. 3 b*._L*s"| material.
340 ¥ ¢_ [e.el—J*>+| PID = 0.0 ppm
i. :3 '::IZ":. H28 = O ppm
10 EAR N Becomes almost 100% refuse, moist to wet: :.:=r:_:
| ¢ abundant plastic {new-looking), glass, metal, rubber, .:.z:.:.
s & partially decomposed wood, cloth (releases water L0 . )
4 T 1L when squeezed). :.::.:.:
7o % |71 o [ PID = 0.0 ppm
335 5'$, 5'_ o= H2S = 0 ppm
g{ < "0 e st
15_' Y a o
o.'o; Loose, subrounded gravel and cobbles, 1 to 4 inches. g?;%g’;:'\";%:;:fﬁgfﬁts)
5 50 |100/7" ; =1 Very dense, moist to wet, gray, SILTY GRAVEL with 0 PID = 0.0 ppm
- SAND (GM), subrounded gravel up to 1-1/2 inches, H2S = 0 ppm
' & 50 lioor1 el fine-grained sand. ) MC=7
A Gravel becomes coarser, up to 3 inches. %\:’vngo;neSSample
-330 : -5 +6:
SA=28
20 7 |18 25 Very dense, moist, gray, SILTY SAND with GRAVEL 0
{SM), fine-grained sand, gravel up to 3 inches.
—-325 )
25—
8 [} 50/5" 0 PID = 0.0 ppm
—320 H2S = 0 ppm
30

Ae——————
11/25/96 1WL1J PKCLF

Woodward-Clyde Consultants

Figure C-15
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11/25/96 1WL1J PKCLF

Woodward-Clyde Consultants

Project: Puyallup / Kit Corner Landfill Log of Boring PKC-IGW2
Project Location: King County, Washington Sheet 2
Project Number: 954026NA . Sheet 2 of 2
SAMPLES _5
c - ©
S - > 8 : a
® £ 5 gs| 5 MATERIAL DESCRIPTION _, | 5 E »| REMARKS AND
28 $8|e B 82l 2 © |2 QS| FIELD / LAB TESTS
o® o&|S 5|58 o =
- Z jax o E;
30 9 50 Very dense, moist, gray, SILTY SAND with GRAVEL
(SM), fine-grained sand, gravel up to 3 inches (continued). ]
iy Bottom of boring at 31.2 feet. . ';g';sg*#sdﬁ"iﬂg at
1 1
-315 |
35 —
-310 ]
40 -
-305 |
45— -
-300 . |
‘50— -
295
55— .
-290 ]
60 —
285 |
65-] -
-280 ]
70 "
Figure C-15




Project:
Project Location:

Puyallup / Kit Corner Landfill

King County, Washington

Log of Boring PKC-IGW3

Project Number: 954026NA Sheet 1 of 2
Datofs! 3/18/96 - 3/19/96 Bo9°d  B. Metcalfe gyecked D. Haddock
Drilling K 114 neh.l Drill Bit _ : : : Surface
Method Hollow-Stem Auger {8-1/4-inch-ID) Size/Type 13-1/2-inch carbide bullet bit Elevation {feet) 348.8
Drill Rig .-y Drilled _ Total Depth
Type Mobile B-61 HDX By Tacoma Pump & Drilling Drilled {feet) 43.5
Depth to Ground-,  First  [Completion! 24 Hours Hammer Weight/ Sampler e,
water (feet, bgs)| 18 26.4 18.8 Drop-(lbslin.)g 140/30 Typep California
Diameter of _ Diameter of Type of Screen s
Hole {inches} 13-1/2 Well {inches) 4 Well Casing HDPE SDR 11 Perforation 1/4-inch slot
lypedf  3/B-1a 3/4-nch gravel SIBe T Bentonite chips 43.5-33 ft and 10-0.5 ft, concrete 0.5 ft to surface
Comments
SAMPLES S
> E=]
g N ki
2 - > o =%
B £ Blesl 5 |g MATERIAL DESCRIPTION _, {F E | REMARKS AND
§§ 2812 E (83 2 |8o @ 1205 | FIELD / LAB TESTS
F 2|22 B |58 R 3
o =W COVER SOIL b3l bid{Started drilling at
1 .2 Dense, moist, brown, SILTY GRAVEL with SAND {GM), - 1550 h”? on 3/18/986.
; subrounded gravel up to 3 inches. Composite Sample
- TPO9+TP10+IGW3-1:
2| o] 45 ) SA=13 _
{0 Sampler pushing on {arge
= . gravel/cobble.
345 i Ry b PID = 0.0 ppm
5 - | H25 = 0 ppm
| &
¥ . ¥] BREFUSE: Damp; tire rubber, plastic, wood, wire, cloth {no
g .;? . - water released when squeezed); some decomposition; in R
z o . 8
3 o Toor IF¢ ¥ G?ROA-CI?L/O(SmN?)tM of damp, gray, SILTY SAND with | o PID = 0.0 ppm
4.5"* ' H2S = 0 ppm
340 ';? ¥
. .7 _
10 LR : 4
ES Abundant plastic, cardboard, metal, glass. ool el
4 ¢ L i Patal [oe
s < Wet paper; paper bag shows some decomposition; boot
| s 1 milk carton paper looks almost new when torn apart. | .
4 25 | 78/6" .?? .?’_ 4 -
—335 i i? ¥ L J
T .7
16— ¥+ -
> 5 PID = 0.0 ppm
i ¥ 1 i H2S = 0 ppm
] §¢ §_ 4
v . ¥ : v
5 0 34 {g - ~r-—Refuse and soil cuttings becomes wet. Z4{ 0
330 ¥ Ot ] Water level measured at
6 - 5} < 0 18.8 ft bgs at 0800 hrs
20 = ,?>'_ Paper bag in good condition; wet cloth. N on 8/20/96.
7T L - 4
§§ 5‘_ J
7 0 78 f? .?)_' | PID = 0.0 ppm
325 gf < H2S = 0 ppm
r 8 - & 2l 1 Water level measured at
25— T L = 24.3 ft bgs at 0800 hrs
{§ < Jon 311 _9/96.
1 s ¢ I 1 I Water level measured at
] 7 1 J :|26.4 ft bgs at 1800 hrs
7 . ¥ .[on 3/19/96.
9 Y 120;' ¥ 1 40 «|Stopped drilling at
| 320 7.5 s‘f g 1740 hrs on 3/18/96.
b F b «|Resumed drilling at
30 = <0800 hrs on 3/19/96.

11/26/96 1TWL1J PKCLF

Woodward-Clyde Consultants
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Figure C-16




Project: Puyallup / Kit Corner Landfill
Project Location:

King County, Washington

Log of Boring PKC-IGW3

Ae————
112586 1WL1J PKCLF

-Woodward-Clyde Consultants

\ Sheet 2 of 2
Project Number: 954026NA
SAMPLES 5
& = §
S - > 8 G.
8, 5 5 les| 5 |8 MATERIAL DESCRIPTION _, |3 E o| REMARKS AND
58 8B|e €88 2 |§o . d | 233 FIELD / LAB TESTS
[TT v - 3 S o 4
. F Zlac| @ |08 S :
0 ;‘: ¢| REFUSE in soil matrix, wet (continued). eoelfete
7} 7 ‘—Refuse becomes saturated; moderately decomposed I i
1 s [ newspaper {easily readable when parted along pages. 1 :;: :;:
10| O 56 7 1 ] 0 {:S°«’«"{ PID = 0.0 ppm
H2S = O ppm
315 | Fe s’k ] PP
s, 7
35— B e A R LD — . .
s Very dense, moist, gray, SILTY SAND with GRAVEL Driller noted harder/firmer
1 {SM]), fine-grained sand, “25% gravel up to 1 inch. 1 drilling at 35 ft.
) i Very hard drilling
11 | 75 |165/8° j 738-41 ft.
MC=10 -
—~310 J g
] B Composite Sample’
40 IGW3-11+12:
J SA=23
12 | 100 [180/4" - Becomes grayish brown. 0 PID = 0.0 ppm
ihs H2S = 0 ppm
3056 J L . o
Bottom of boring at 43.5 feet. Finished drilling at
45— | . 1045 hrs on 3/19/96.
ﬁ L
—300 J L J
50— - ~
|-295 X
55 - 4
|-—290 ] L J
60— - 4
—285 A L i
65— - =
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Aa Figure C-16
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APPENDIXD Laboratory Tests

Woodward-Clyde delivered selected soil samples to Soil Technology Inc. of Bainbridge Island to
perform the laboratory testing. The tests were performed in general accordance with test
methods of the American Society-for Testing and Materials (ASTM) or other applicable
procedures. Selected soil samples were tested for in-place moisture content, percent passing No.
200 sieve, grain size distribution, and permeability.

The results of the laboratory tests are presented on Table D-1 and Figures D-1 through D-5. The
moisture content test results and percent passing the No. 200 sieve are also presented on the
boring logs in Appendix C. :

Water Content Determinations

Water contents were determined in general accordance with ASTM D 2216 for seven of the
samples obtained from the borings. The results of these tests are presented on the boring logs at
the respective sample depth. Table D-1 summarizes the test results.

Percent Passing U.S. No. 200 Sieve

Sample PKC-MW9-28, which was tested for hydraulic conductivity, was also evaluated for the
percentage of sample passing the U.S. No. 200 sieve. The sample was obtained from a depth of
185.4 to 185.7 feet bgs. The sample was "washed" through the No. 200 mesh sieve to determine
the relative percentages of coarse and fine-grained particles in the soil. The percent passing value
represents the percentage by weight of the sample finer than the U.S. No. 200 sieve. This test
was conducted to verify field descriptions and to determine the fines content for evaluation
purposes. The test was conducted in accordance with ASTM D 1140, and the results indicated
that 99 percent of the sample passed the U.S. No. 200 sieve.

Grain Size Analysis

Grain size analyses were performed on representative samples in general accordance with ASTM
D 422. The wet sieve analysis method was used to determine the percentage of soil greater than
the U.S. No. 200 mesh sieve. The results of the grain size analyses were plotted, classified in
general accordance with USCS, and are presented on Figures D-1 through D-5.

Hydraulic Conductivity

A flexible wall hydraulic conductivity test was conducted on a relatively undisturbed soil sample
obtained using a Shelby tube. The sample {no. 28) was taken from the silt aquitard while drilling
Monitoring Well PKC-MW9. The tests were conducted in general accordance with ASTM D
5084. The test was run by extruding the sample from the Shelby tube. The sample which was
tested was obtained from a depth of about 185.4 to 185.7 feet bgs. The test results indicated that
the sample had a hydraulic conductivity of 1x10-8 cm/sec. In addition, the results of the test
indicated a moisture content of 31 percent and a wet density of 31 pounds per cubic foot prior to

initiating the test.

Woodward-Clyde 0 Q\954026NAVSURWE VAL APP\I8-Dec-96\SEA D-1



Laboratory Tests APPENDIXD

Table D-1
MOISTURE CONTENT TEST RESULTS

PKC-MWS-28 185.4-185.7 31
PKC-IGW1-5 20-21 8
PKC-IGW2-5 16-17 7
PKC-IGW3-11 37.5-38.5 10
PKC-MW16-3 15-16.5 14
PKC-MW17-7a 25-25.5 8
PKC-MW18-5 1516 8
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GRAVEL SAND

COBBLES SILT OR CLAY
coarse fine [coarsel medium fine ‘
SIEVE OPERING I TocHES ]u.s. STANDARD SIEVE NUMBERS HYDROMETER
80 140 ' '
. 6 43215134 38 4 10 20 40 60%pg%%0 .
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PARTICLE SIZE {mm)

:::;:gr ::x:: '(’f"e‘:‘t'; Symbol| LL | PI , Classification
PKCIGW1 | 5+6+7 | 20-26 ° Silty Gravel with Sand (GM)
PKC-IGW?2 5+6 16-19 n Silty Gravel with Sand (GM)
PKC-IGW3 11412 | 37543 | a4 Siity Sand with Gravel (SM)
PKC-MW 8 6 100 * Poorly graded Sand (SP)
PKC-MW 9 23 140 “ Poorly graded Sand with Silt {(SP-SM)
Project: Puyallup / Kit Corner Landfill PARTICLE SIZE DISTRIBUTION CURVES
King County. Washington ‘ Gas Well and Monitoring Well Samples

Project Number: 954026NA .
. a Figure D-1
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GRAVEL SAND
COBBLES SILT OR CLAY
coarse fine [coarse] medium fine. )
U.S. STANDARD |
SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER
6 43°215123/4 80 140 .
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PARTICLE SIZE (mm}
Boring Sample Depth l vee ue
bol| LL
Number Number (feet) Symbol| L Pl Classification
PKC-MW10 20 85 | ® Poorly graded Sand (SP)
PKC-MW10 23+24 100-105 | Well-graded Sand with Siit and Gravel {SW-SM)
PKC-MW10 30 140 A Poorly graded Sand with Siit (SP-8M)
PKC-MW10 32 160 * Poorly graded Sand (SP)
PKC-MW11 27 160 % Poorly graded Sand (SP)

A ——————————
SMA 11/25/96 2SIEVE1 PRCLF

Project: Puyallup / Kit Corner Landfill
King County, Washington
Project Number: 954026NA

Woodward-Clyde Consultants

PARTICLE SIZE DISTRIBUTION CURVES
Gas Well and Monitoring Well Samples
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GRAVEL SAND
COBBLES SILT OR CLAY
coarse fine |coarse] medium fine
SIEVE DBER D s U.S. STANDARD SIEVE NUMBERS HYDROMETER
' 80 140
. 6 43 215 13/4 38 4 10 20 4o 60°53,7% _ .
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PARTICLE SIZE {mm)
Boring Sample Depth .
Number Number (feet) Symbol| LL | Pl Classification
PKC-MW12 26 160 ] Poorly graded Sand with Silt (SP-SM)
PKC-MW16 3 15 | | Poorly graded Sand (SP)
PKC-MW17 7a 25 A Silty Sand (SM)
PKC-MW18 5 15 * Silty Sand with Gravel {SM}

A ——————————
SNA 11/25/96 2SIEVEY PKCLF

Project: Puyallup / Kit Corner Landfill
King County, Washington
Project Number: 954026NA

Woodward-Clyde Consultants gy

PARTICLE SIZE DISTRIBUTION CURVES
Gas Well and Monitoring Well Samples
ga Figure D-3




PARTICLE SIZE (mm)

GRAVEL SAND
COBBLES SILT OR CLAY
coarse fine [coarsel medium | fine
SIEVE DPENE D RCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER
6 43 215134 38 4 10 20 40 6080 140
100
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Sample Identification Symbol} LL | PI Classification

TP1 + TP2 + TP3 ® Poorly graded Sand with Silt and Gravel (SP-SM)

TP4 + TP5 + TP7 [ ] Poorly graded Sand with Silt and Gravel (SP-SM)

TP6 + TPS + TP23 + IGW1-1 {1 ft) A Silty Gravel with Sand (GM)

TP9 + TP10 + IGW3-1 (1 f1) L 4 Silty Gravel with Sand (GM)

TP11 + TP12a X Silty Sand with Gravel (SM)

TP12b (2-2.5 ft) O Siity Gravel with Sand (GM)
Project: Puyallup / Kit Corner Landfill PARTICLE SIZE DISTRIBUTION CURVES

King County, Washington Composite Near-Surface Samples
Project Number: 954026NA .
Py Figure D-4
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GRAVEL SAND ‘
COBBLES SILT OR CLAY
coarse fine |coarse] medium fine
SIEVE OPeam R RcHES ’u.s. STANDARD SIEVE NUMBERS | HYDROMETER
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PARTICLE SIZE {mm)
Sample ldentification Symbol| LL | Pi Classification
TP13 + TP14 ® Poorly graded Sand with Silt and Grave! {SP-SM)
TP16 + TP16 ] Poorly graded Sand with Gravel (SP}
TP17 + TP18 + MW17-1 (2 ft} A Poorly graded Sand with Silt and Gravel {SP-SM)
TP19 + TP20 ' L 4 Poorly graded Gravel with Siit and Sand (GP-GM) )
TP21 + TP22 X Silty Gravel with Sand (GM)
Project: Puyallup / Kit Corner Landfill PARTICLE SIZE DISTRIBUTION CURVES
King County, Washington Composite Near-Surface Samples

Project Number: 954026NA
y 7

Figure D-5
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GROUNDWATER POTENTIOMETRIC SURFACE DATA
PUYALLUP/KIT CORNER LANDFILL, KING COUNTY, WASHINGTON

Top of Cfising' Depth to Groundwater
Wel.l Elevation Groundwater Elevation

Location (ft msl) : (ft btoc)® , (ft msl)

4/25/93° | 3/26/96° | 329/96% | 4/24/96% | 5/26/96° | 6/19/96° |. 8/19/96° [11/7/1996| 4/25/93° | 3/26/96 | 3/29/96 | 4/24/96 | 5/26/96 | 6/19/96 | 8/19/96 | 11/7/96
MW-1a 323.68 76.70 70.81 71.04 72.76 74.02 74.64 78.18 8126 || 246.98 | 252.87 | 252.64 | 250.92 | 249.66 | 249.04 | 24550 | 242.42
MW-1b 323.54 102.54 | 93.77 93.99 94.19 9421 94.11 95.05 68.06 || 221.00 | 229.77 | 229.55 | 229.35 | 22933 | 22943 | 22849 | 22548
MW-2 330.10 12079 | 12768 | 127.62 | 12644 | 12552 | 12506 | 12566 | 12699 [ 20031 | 202.42 | 202.48 | 203.66 | 204.58 | 205.04 | 204.44 203.11
MW-3b 322.50 11788 | 11028 | 11045 | 11109 | 11093 | 11045 | 11165 | 11426 || 20462 | 21222 | 232,05 | 21141 | 211.57 | 212,05 | 210.85 | 208.24
Mw-4 323.37 16.33 DRY DRY 16.74 DRY DRY DRY | 30704 DRY | DRY | 30663 | DRY | DRY | DRY
MW-5° 326.59 2.84 2.95 3.09 267 3.08 427 6.54 6.85 323.75 |"323.64 | 323.50 | 323.92 | 323.51 | 322.32 | 320.05 | 319.74
MW-6 354.25 15254 | 15094 | 15093 | 14980 | 14855 | 14806 | 14861 | 149.73 | 20171 | 203.31 | 203.32 | 20445 | 205.70 | 206.19 | 205.64 | 204.52
MW-7 334.37 DRY DRY 11493 | 114.95 DRY 11520 | DRY DRY | 21944 | 21942 | DRY | 219.17
MW-8 - 301.82 99.46 98.31 97.72 97.62 9998 |[ 301.82 202.36 | 203.51 | 204.10 | 204.20 | 201.84
MW-9 334.45 130.65 | 12929 | 12881 | 12977 | 131.08 203.80 | 205.16 | 205.64 | 204.68 | 203.37
MW-10 347.15 14414 | 14330 | 142.04 | 14144 | 14208 | 14362 203.01 | 203.85 | 205.11 | 205.71 | 205.07 | 203.53
MW-11 353.63 14922 | 14782 ° 147.37 | 148.16 | 149.20 ; 204.41 | 205.81 | 206.26 | 205.47 | 204.43
MW-12 360.07 15497 | 15368 | 153.09 | 153.11 | 154.18 205.10 | 206.39 | 206.98 | 206.96 | 205.89
MW-13° 346.34 22.34 2235 23.48 2583 27.10 324.00 32399 | 322.86 | 320.51 | 319.24
MW-15° 342.84 DRY DRY DRY DRY DRY DRY DRY | DRY | DRY | DRY
MW-16 324.44 DRY DRY DRY DRY | 24.20(D) DRY DRY | DRY | DRY | (DRY)?
MW-17° 336.53 DRY DRY DRY DRY DRY DRY DRY | DRY | DRY | DRY
MW-18° 326.28 23.42 2148 DRY DRY DRY 302.86 30480 { DRY | DRY | DRY
IGW-1° 362.63 1532 15.85 16.29 1527 34731 | 346.78 | 34634 | 347.36
IGW-2* 35091 DRY | DRY | DRY | DRY DRY | DRY | DRY |
IGW-3° 351.44 24.70 25.96 28.92 30.65 326.74 | 32548 | 322.52 | 320.79
Notes: c: measured by King County field personnel

d: measured by Woodward-Clyde field personnel

btoc = below top of casing

msl = mean sea level

a: elevation or measuring point at top of metal plate if Well Wizard pump installe f:

or at top of PVC casing if no pump installed

b: elevations obtained from AGI, July 1994

Q:W54020N AVMIWLEVELS XLS

e

measured depth to water is level of water within landfill refuse (leachate)

water likely a result of drilling activities and not actual shallow groundwater

127190 o 41 PM
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APPENDIXE | ' Survey Data

Symonds Consulting Engineers conducted a survey of all the wells, gas probes, piezometers, and
test pits which were performed as part of this investigation. The survey was completed after all
the field explorations were completed and monuments constructed. The test pits were marked in
the field using wood stakes with the appropriate identification number. The survey results are
provided on the attached pages.
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May 22. 1996 '

Bob Metcalfe
Woodward-Clyde Consultants

1501 4th Ave. Suite 1500 ' SYMON DS

Seattle, washington

Puyallup/Kit Corner Landfil}
Monitoring Well and Test Pit Elevations

NAME NORTHING EASTING ELEV. DESCRIPTION

MW-§ " 1067485 16342439 302.50 TOP OF METAL RIM
. 301.82 TOP OF METAL PLATE
302.40 GROUND ASPHALT

MWw-9 107391.4 16344019 334.98 TOP OF METAL RIM
: 33445 TOP OF METAL PLATE
334.93 GROUND ASPHALT

MW-10 107164.6 1634632.4 34785 TOP OF MONUMENT
347.15 TOP OF METAL PLATE
" 345,13 ADJACENT GROUND

Mw-11 [07782.6 1634545.3 354.38 TOP OF METAL RIM
‘ 353.63 TOP OF METAL PLATE
35424  GROUND ASPHALT

MW-12 108130.6 1634810.6 360.97 TOP OF MONUMENT
360.07 TOP OF METAL PLATE
357.80 ADJACENT GROUND

MW-13 107260.7 1635383.6 1346.91 TOP OF MONUMENT
346.34 TOP OF 2” PVC
34402 ADJACENT GROUND

MW-15 107045.2 1635370.4 343.45 TOP OF METAL CASING
342.84 TOP OF 2" PVC
340.56 ADJACENT GROUND

MW-16 106897 4 1635466.1 32495 TOP OF METAL CASING
324.44 TOP OF 2" PVC
321.81 ADJACENT GROUND

MW-17 106890.4 1635156.5 337.24 TOP OF MONUMENT
336.53 TOP OF 2" PVC
334.25 ADJACENT GROUND

Seattle & Portland
1601 Second Ave. - Suite 1000 - Seattle, Washington 98101-1541 - P: 206/441-1855 - F: 206/448-7167




MW-18

TP-10

TP-11

TP-12

TP-13

TP-14

TP-15

TP-16

TP-17

TP-18

TP-19

TP-20

TP-21

TP-22

TP-23

IGW-1

106712.6

107736.7
107809.1
107812.4
107755.9
1077363
1074432
107501.5.
107308.1

107132.7

107173.3 .

167080.1
107033.0
107653.5
10’)’447.2
107143.0
106939.8

1068329

106767.0

106725.7

106759.0

106863.5

107127.2

107460.5 -

107515.6

16348100

1634924.9
1635094.3
1635357.2
1635093.8
1635368.1
1634994.1
1635231.0
1634793.6
1634949.3
1635323.2
1635150.1
1634866.5
1635474.2
1635429.3
1635432.9
1635288.7
1635014.3,
1634807.2
1635265.1
16353942
1634700.9
1634672.2
16347175

1634827.5

34210
356.86
354.12
360.37
355.74
355.40
350.13
345.03°
343.46
349.45
342.84
335.33
334.82
334.82
331.93
33113
316.87
315.48
337.70
34591

349.98

363.74

362.63
360.60

TOB UF MONUMENT
TOP O 27 PVC
ADIACENT GROUND
STAKE IN GROUND
SFAKE IN GROUND
STAKE IN GROUND
STAKE IN GROUND
STAKE IN GROUND
STAKE IN GROUND
STAKE IN GROUND
STAKE IN GROUND
STAKE [N GROUND
STAKE IN GROUND
STAKE IN GROUND
STAKE IN GROUND
STAKE IN GROUND.
STAKE IN GROUND
STAKE IN GROUND
STAKE IN GROUND
STAKE IN GROUND
STAKE IN GROUND
STAKE IN GROUND
STAKE N GROUND
STAKE IN GROUND
STAKE IN GROUND
STAKE IN GROUND
TOP OF MONUMENT

TOP OF 4" PVC
~ ADJACENT GROUND




1GW-2 106989.2

IGW-3 107273.4

GP-23 106663.6

A-19
E-113
D-79
C-59
B-39

GP-24 106962.6

E-113
B-39
A-19
C-59

D-79

Date surveyed: May 8, 1996

1634759.5

1635246.7

1634805.3

16345783

351.15
350.91
348.58
351.77

351.44
348.76

324.97
322.12
324.59
324.51
324.58
324.52
324.59

340.88
33805

340.51
340.59
340.57
340.52

340.43

TOP OF MONUMENT
TOP OF 4" PVC A
ADJACENT GROUND
TOP OF MONUMENT

TOP OF 4” PVC
ADJACENT GROUND

TOP OF MONUMENT
ADJACENT GROUND
TOP OF PETCOCK VALVE
TOP OF PETCOCK VALVE
TQP OF PETCOCK VALVE
TOP OF PETCOCK VALVE
TOP OF PETCOCK VALVE

TOP OF MONUMENT
ADJACENT GROUND

TOP OF PETCOCK VALVE
TOP OF PETCOCK VALVE
TOP OF PETCOCK VALVE
TOP OF PETCOCK VALVE

TOP OF PETCOCK VALVE

Bench mark: Top of the brass cap of the centerline monument at the intersection of 25th PL South & S
357th ST. Elevavtion of monument 344.638 feet. '

96308.02



Puyallup/Kit Corner Landfill

Test Pits - Extent of Refuse Survey
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NAME
TP-24
TP-25
TP-26
TP-27
TP-28
TP-29
TP-30
TP-31

TP-32
TP-33
TP-34
TP-35
TP-36
TP-37
TP-38

TP-39

NORTHING

107652.0

107737.3

107831.8

107901.2

107839.8

107682.0

107445.9

107259.4

106970.0

106894.5

106821.6

106785.0

106781.3

106746.5

107165.1

1074825

EASTING
1634783.1
1634906.5
1635004.7
1635265.5
1635469.8
1635544.9
1635478.6
1635482.2
1635455.7
1635458.5
1635290.3
1635301.5
1635150.4
1635154.0
1634652.4

1634723.2

ELEVATION

355.0

355.6

346.6

334.9

332.8

. 328.5

326.1

325.5

321.9 -

322.1

323.0

323.1

322.7

321.4

347.3

351.1

DESCRIPTION
Stake in Ground
‘Stake in Ground
Stake in Ground
Stake in Ground
Stake in Ground
Stake in Ground
Stake in Ground
Stake in Ground
Stake in Ground
Stake in Ground
Stake in Ground
Stake in Ground
Stake in Ground
Stake in Ground
Stake in Ground

Stake in Ground

11/18/96



