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EXECUTIVE SUMMARY

This report presents the results of the geotechnical investigation of the landslide at MP 326
along US 101 on the Olympic Peninsula. The MP 326 landslide developed in early to mid-
February 1999 and resulted in the closure of US 101 in early March. The site
investigation included geologic mapping, aerial photograph interpretation, borings,
piezometers, inclinometers, laboratory testing, installation of emergency horizontal
drains, and surface geophysics.

The data implies that the landslide was a progressive block slide failing on a weak zone
near the top of a hard clay layer. The recent landslide is believed to have occurred
within a larger ancient landslide mass that extends further north and south along the
hillside above US 101. Due to record rainfall high groundwater levels developed that are
considered the trigger causing the landslide.

The recommended remediation consists of a combination of horizontal drains and
surface grading to be implemented in 1999 possibly supplemented with a limited toe
buttress in the future. The need to construct a toe buttress in the future will depend on
the effectiveness of the drains and the performance of the landslide over the 1999-2000
winter season. Itis not considered appropriate to install the buttress during the 1999
construction season. This opinion is based on the fact that the buttress may not be
required pending the effectiveness of the drains, contractual timing constraints, and the
desire not to cut into the toe of the slopes until all the drains have been installed and are
fully effective. A key aspect of this approach will be monitoring of the landslide to assess
the need for a toe buttress in the short term and to monitor the continued effectiveness
of the drains in the long term.
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1. INTRODUCTION

This report presents the results of the geotechnical investigation of the landslide at MP 326
along US 101 on the Olympic Peninsula. The work was completed under WSDOT
Consultant Agreement Y-6875 and was authorized as Task Assignment AG. The work
included an extensive exploration program, laboratory testing, stability analyses, geologic
interpretations, and development of engineering recommendations to stabilize the
landslide. The primary purposes of the work were: 1) Determine the subsurface
conditions, 2) Evaluate the landslide mechanism, 3) Develop stabilization
recommendations considering both short-term measures to be implemented during the
1999 construction season and possible additional work to be done in subsequent years, and
4) Develop criteria for the landslide monitoring system.

As shown on Figure 1, the landslide is located off of US 101 at MP 326 just north of
Lilliwap, Washington on the Olympic Peninsula adjacent to Hood Canal. Through this
area, US 101 is located just above Hood Canal along the toe of a steep hillside rising several
hundred feet to the west. As shown on Figure 2, the landslide extends along US 101 about
1,400 feet (427 m) and upslope a horizontal distance of about 400 to 500 feet (123 to 152
m) with a vertical rise of about 150 to 250 feet (46-76 m). The majority of the slide
movements occurred starting in mid-February and continuing through March 1999.
During this period slide debris flowed onto the roadway requiring the road to be closed.

Sections 2 through 5 summarize the investigation program, evaluation of the subsurface

conditions, and assessment of the slide mechanism. Section 6 discusses the general
stabilization concepts while Sections 7 and 8 present specific design recommendations.

Golder Associates
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2. SUBSURFACE INFORMATION

2.1 General

The subsurface information included published geologic maps, surface geologic
mapping, aerial photograph interpretation, borings, piezometers, inclinometers,
laboratory testing, installation of emergency horizontal drains, and surface geophysics.

Figure 2 shows the locations of the explorations and major mapped slide features. The
locations of the emergency horizontal drains are shown on Figure 11. The subsections
below summarize the information with the detailed data presented in the Appendices A
through D.

2.2 Surface Mapping and Aerial Photograph Interpretation

During July 1999, Golder staff geologists completed a site reconnaissance of the overall
slide area. The purpose was to identify the major scarps and ground ruptures, areas of
seepage, and map exposed soils. In addition to this work, post slide aerial photos flown
by WSDOT were reviewed.

The results of this work are summarized on Figure 2 showing the mapped scarps with
the direction of movement. The figure also shows locations of observed seeps. The
information depicted on Figure 2 represents the approximate conditions in July 1999.

Although not observed by Golder or shown on Figure 2, WSDOT staff reported
observing heavy seepage from the midslope area just west of WSDOT boring
location H-1-99 in early April 1999.

2.3 Boring Program

2.3.1 General

The boring program consisted of explorations at twelve locations as shown on Figure 2.
At all of these locations, the boreholes were completed as inclinometers. At eleven of the
locations, piezometers were installed in an adjacent separate drill hole. The borehole
cluster of one piezometer and one inclinometer each were distributed in four lines
trending generally northwest- southeast in the direction of landslide movement. The
uppermost borehole clusters in the southern three lines were located behind the active
landslide headscarp in order to determine the in-place soil and groundwater conditions
outside the active Jandslide mass. The remainder of the borehole clusters were located
on the active landslide or on Highway 101.

All but one of the borings (WSDOT H-1-99) was drilled by Crux Subsurface, Inc. out of
Spokane, Washington under contract to WSDOT between April 28 and June 6,1999. The
drilling of the inclinometers and piezometers utilized a combination of HQ (3.5 inch

[8.9 cm]) and HWT (4.5 inch [11.4 cm]) casing advancer, and HQ (2.5 inch [6.35 cm])
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coring techniques. The drills consisted of a Crux-built 2500 drill and a Burley 4500. The
drills were assembled and disassembled and were transported to the drill sites in pieces
using a Bell Jet Ranger helicopter provided by Aero-Copters, Inc. out of Boemg Field in
Seattle. Boring H-1-99 was drilled and logged by the WSDOT.

A summary of the boring elevations and depths indicating which holes have piezometers
or inclinometers is presented in Table 1.

2.3.2 Borings

The inclinometer holes were sampled and represent the geotechnical data borings. The
piezometer holes were generally drilled without sampling. A Golder geologist was
present during all drilling activities to observe and document the drilling activities,
record the soil and groundwater conditions, the engineering characteristics of the soils,
and collect samples at all of the borings except the WSDOT boring (H-1-99).

Soil samples were generally collected using Standard Penetration Tests (SPT) where a
2-inch (5.1 cm) diameter split-spoon sampler was driven 18 inches (45.7 cm) usinga
140-pound hammer in accordance with the ASTM D-1586 test method. The number of
blows of the hammer required to drive the sampler every 6 inches was recorded, and the
number of blows needed to drive the lower 12 inches (30.5 cm) were used to determine
the SPT “N” values (blow counts). The collected soil samples were placed in plastic
containers and shipped to Golder’s Redmond, Washington facility for storage, additional
classification, and selected laboratory testing. SPTs were the most common sampling
method. Soil cores and Shelby tubes were also collected at selected intervals.

When difficult drilling conditions were encountered (poor recovery or difficulty in
advancing the hole), the material was cored continuously using HQ size coring
equipment. HQ-coring, in some cases, provided a more continuous column of sample
for inspection. In other cases, where core recovery was poor, or density confirmation
was desired, SPT samples were collected in conjunction with the coring. Typically, the
core was drilled in 5-foot runs, and the material was logged in general accordance with
Golder’s standard core logging procedures. The majority of the core samples were
retained in core boxes and shipped to Golder’s Redmond facility for storage. Selected
portions of the core samples were stored in plastic ziploc bags to limit moisture loss.

Shelby tubes were also pushed to collect relatively undisturbed samples near or across
the anticipated landslide planes. These 2.5 inch (6.35 cm) ID thin wall samplers were
collected in general accordance with ASTM D-1587. The Shelby tubes were pushed to
their full 18 or 24-inch (45.7 or 61.0 cm) length or until they met refusal. The Shelby tubes
were carefully withdrawn from the borings, capped immediately, and kept upright
during transport to minimize disturbance of the samples.

The detailed field logs were edited, finalized, and inclyded in Appendix A. The log of
WSDOT boring H-1-99 was prepared by WSDOT and interpreted by Golder based on
WSDOT's field log and examination of the samples.

Golder Associates
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2.3.3 Piezometer Data

The piezometer boreholes were drilled to depths ranging from about 23 to 52 feet (759 to
170.6 m) bgs in the toe area of the active landslide, from about 72 to 115 feet (236.2 to
377.21m) bgs in the middle portion of the slide, and from about 96 to 240 feet (314.9 to
787.2 m) bgs above the active landslide headscarp.

Boreholes for the piezometer installations were drilled within about 5 feet of the
inclinometer boreholes. The piezometers were constructed using 1.5-inch outside
diameter (O.D.) Schedule 40 PVC. The screens were generally 0.020 machine slotted
Schedule 40 PVC. The slotted section was backfilled with 10/20 silica sand. The screens
were set at the desired depths to monitor the groundwater conditions. Seals were
constructed above the monitored interval up to ground surface using bentonite granules
and/or bentonite grout sealing materials. Details of the piezometer construction for each
borehole are included on the borehole logs presented in Appendix A.

A summary of groundwater levels measured through August 1999 is presented on

Table 2. Plots of groundwater depth versus time are included in Appendix B. In
piezometers GA-2A, GA-5A, GA-6A, GA-11A, and H-1-99, slug tests were performed to
estimate the permeability. The results of these tests are summarized on Table 3. As
discussed in Section 2.5 and shown on Figure 11, WSDOT installed emergency
horizontal drains during May and June 1999. These drains likely impacted the
groundwater levels measured in piezometers near the drains. Section 4.7.3 discusses this
in more detail.

2.3.4 Inclinometer Data

The inclinometer boreholes were drilled to depths ranging from about 51 to 74 feet (15.5
to 22.6 m) bgs in the toe area of the active landslide, from about 96 to 150 feet (bgs in the
middle portion of the slide, and from about 174 to 276 feet (53.1 to 84.1 m) bgs above the
active landslide headscarp.

The inclinometer casing was manufactured by Slope Indicator Company located in
Bothell, Washington. The casing lengths came in 10-foot sections and were fastened
together with snap joints with O-rings. The casing was assembled in the borehole,
charged with water, and clean SPT sampling rod was lowered to the bottom of the
casing before grouting (cementing) the casing in place. The casing was cemented in
place using a lime/cement mixture. Where grout loss was anticipated, powdered
bentonite was added to the mix. The grout batches were pumped down the steel drill
casing to the bottom of the boring. The drill casing was then pulled out of the boring.
Baseline inclinometer readings and subsequent readings were collected by WSDOT field
personnel after allowing the grout to set for at least a 10-hour period. The collected data
was then processed by WSDOT and forwarded to Golder for review.

Plots of the inclinometer data through August 1999 are presented in Appendix A. Since

the inclinometers were installed after the slide had essentially stabilized, the data does
not in any way reflect the total magnitude of the slope movements. The movements

Golder Associates
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indicated by the inclinometer data through August 1999 are very small and can only be
used to infer the likely location of the failure plane. In several of the inclinometers, the
data does not clearly indicate the failure plane since the movements are so small and/or
inconsistent. The inclinometers will be monitored in the future as part of the overall
long-term monitoring program as discussed in Section 8.

2.4 Seismic Refraction Survey

The seismic refraction survey consisted of six shot lines, three oriented approximately
north-south across the width of the landslide and three oriented approximately
east-west across the landslide. The locations of the seismic lines in relation to the boring
locations are shown on Figure 12. Figure 12 also plots the top of a high velocity layer
that is interpreted to represent the top of the hard glaciolacustrine deposits. Although
the geophysical data is in reasonable agreement with the borings, the Figure 12 contours
should be considered as only an approximate elevation of the top of the glaciolacustrine
deposits since the high velocity layer could also represent a very dense zone within the
units overlying the clays. '

Appendix C summarizes the seismic investigation and discusses the results in detail.

2.5 Horizontal Drain Data

WSDOT installed a series of horizontal drains during April/May 1999 as part of an
emergency effort to stop the landsliding at MP 326. A series of four drain arrays were
installed and are identified as Drain array A, B, C,and D on Figure 11. Since only the
location of the heads of the drains and initial drain inclination/orientation are known, the
limits of the arrays shown on Figure 11 are only approximate. The drains are generally
on the order of 300 to 400 feet long and drilled at an inclination of between 5 to 10
degrees. The drain discharges were measured periodically after installation. The data is
summarized on Table 4 with representative plots of discharge versus time shown in
Appendix B.

As shown on Table 4, the combined flows of the three arrays in the main central area of
the landslide (A, B and C) has decreased from about 100 gpm in early June to about 70
gpmin early July 1999. Two drains in the most southerly array accounted for about half
of the total flow. The back end of the drains appear to be located above the landslide
plane with the lower sections primarily in the transition units and the upper sections in
either transition beds or in the overlying coarse landslide debris unit. The upper sections
of the two drains that produced half of the total flow appear to be located within the
coarser soils above the transition beds. Array D located in the northern section of the
landslide has produced limited flow with only one of the drains producing flow with a
flow rate of about 3.6 gpm in July 1999.

Golder Associates
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2.6 Laboratory Data

Limited laboratory testing was performed consisting of grain size, water contents and
Atterberg limits. In addition, a residual angle direct shear test was performed on a silty
clay soil sample within the active slide plane. The test results indicated a residual angle
of about ¢'r = 24 degrees. The test was performed by pre-cutting the sample to simulate
a defined failure plane.

The laboratory results are included in Appendix D.

Golder Associates
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3. SITE CONDITIONS

3.1 Geological Setting

The recent geologic history of the Puget Sound Lowland region has been dominated by
several glacial episodes. The most recent, the Vashon stade of the Fraser glaciation, is
responsible for most of the present day geologic and topographic conditions. The Puget
lobe of the Cordilleran ice sheet deposited a heterogeneous assemblage of proglacial
lacustrine deposits, advance outwash, lodgment till, and recessional outwash upon
either bedrock or older pre-Vashon sediments and bedrock. As the glacier retreated
northward, it uncovered a sculpted landscape of elongate uplands and intervening
valleys. Post glacial deposits include: alluvium deposited within active stream channels,
modern lacustrine deposits, organic silt and local peat deposits within kettle depressions,
drainages, and outwash channels; volcanic mudflow deposits and landslide deposits.

From the crest of the steep slope at around 400 feet above the MP 326 landslide site, the
undulating ground surface rises gently toward the west and northwest to an elevation of
approximately 800 feet where the glaciated terrain intersects the steep bedrock slopes of
the Olympic Mountains. The glaciated terrain located between the MP 326 site and the -
base of the Olympic Mountain slopes appears to be a glacial sediment filled bedrock
trough trending approximately from the west at Lake Cushman to the east toward the
site. A bedrock ridge located within this trough splits the trough in two. Lilliwap
Swamp is located on the north side and Price Lake is located on the south side of the
bedrock ridge. Carson (1976) has mapped the glacial terrain as being underlain primarily
by Vashon lodgment and ablation tills. Based on the outcrop pattern on Carson’s map
and field observations, an extensive deposit of granular advance outwash likely
underlies the tills that mantle the ground surface and extends toward site. Granular
sediments interpreted as Vashon advance outwash sediments are exposed in the head
scarp area of the MP 326 landslide.

The most recent landslide activity at MP 326 appears to be located within a larger area of
ancient landslide deposits, probably associated with the withdrawal of the Vashon lobe
of the Cordilleran ice sheet approximately 10,000 years ago. Carson (1975) has mapped
the slopes upon which the current MP 326 landslide is located as being underlain
primarily by old landslide deposits.

3.2 Seismic Setting

3.2.1 General

The project site is located within an active convergent plate margin that has been termed
the Cascadia Subduction zone. Along the Cascadia Subduction Zone, the oceanic Juan
de Fuca Plate is actively subducting beneath the continental North American plate off
shore from the Washington Coast. This general tectonic setting has resulted in three
sesimogenic sources:

Golder Associates



August 27,1999 8 | 993-1467

¢ Intraplate earthquakes that are located within the subducted Juan de Fuca plate,

o Earthquakes that occur along the interface between the actively subducting Juan
de Fuca plate and the North American plate, and

o Earthquakes located within the overriding North American plate.

The best documented of these seismic sources are the intraplate earthquakes originating
within the subducting Juan de Fuca plate. This seismic source is responsible for the two
largest historic earthquake to have occurred in the Puget Sound Lowland, the 1949
earthquake with a M 7.1 located near Olympia, Washington, and the magnitude 6.5
Seattle earthquake in 1965. These earthquakes typically occur at depths ranging from
50 to 60 km.

The second seismic source area along the subduction zone between the Juan de Fuca
plate and the North American plate has not exhibited historic activity. However,
research that began in the mid-1980s (Atwater, B., 1987, 1992; and Heaton, T.H. and
Hartzell, S.H., 1992) and others has suggested that prehistoric earthquakes have occurred
along the Cascadia Subduction zone producing earthquakes with magnitudes as large as
M =8or9.

The third source of earthquakes located within the overriding North American plate are
thought by some (Bucknam, R.C. and others, 1992) to be seismic sources in response to
localized uplift in the North American plate. Bucknam and others (1992) conclude these
shallow North American plate earthquakes can produce earthquakes of magnitude 7 or
larger in the Puget Sound region.

3.2.2 1999 Satsop Earthquake

An earthquake occurred on July 2, 1999 in the Satsop area of Washington State.
According to the U.S. Geological Survey National Earthquake Information Center, the
earthquake had a'moment magnitude (Mm) 5.7 to 5.9 and was located approximately 8.2
km north of Satsop at a epicentral depth of 40 km. The fault plane solution indicated a
normal displacement along a fault with a strike of 355 degrees and dipping 60 degrees to
the east. The hypocenter is approximately 40-km distance from the US 101 landslide
sites. Golder calculated an attenuated acceleration from the earthquake source to the site
as around 0.07g.

Inclinometer data collected during the ongoing monthly instrumentation monitoring by
WSDOT at the MP 322 landslide some 4 miles north of the MP 326 indicated thatan
unstable portion of the landslide may have moved about an inch due to the event. A
published nomograph by Keefer (1984) based on 40 historic earthquakes shows the
relationship between epicentral distance as a function of earthquake magnitude for three
general landslide types. In addition, a simple Newmark analysis was completed to
assess the movement and inferred static FS at the time of the event. Based on the
nomograph and the Newmark analysis, it is credible that the seismic event caused the
sudden movement. The inferred static FS would have been on the order of 1.05.

Golder Associates
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No such seismically induced landslide movements were observed at the MP 326
landslide. This is consistent with MP 326 having a static FS of about 1.15 during the
summer of 1999.

3.2.3 Recommended Project Design Event

Based on published USGS seismic risk curves (10 percent chance of exceedance in 50
years) and judgement, the recommended design event for the slide is a magnitude 6.5
with a design maximum acceleration of about 0.2g.

3.3 Surface Conditions

The site is located along and upslope of US 101 as shown on Figures 1 and 2. In general,
the area is heavily vegetated with second growth trees and brush. There are several
houses on the hillside above the highway. US 101 is located at the toe of the hillside
adjacent to Hood Canal. In general, the highway is at about elevation 25 to 23 feet (7.6 to
7.0 m) with the hillside rising at about 2H:1V to 3H:1V up to about elevation 400 feet (122
m) above Hood Canal. In the southern two-thirds of the landslide where the
glaciolacustrine soils are exposed, the slopes immediately above the highway are much
steeper.

Due to the significant slope movements, the landslide area has numerous scarps, cracks,
and areas of disturbed material. There are several areas of closed depressions caused by
grabens forming between ground cracks. The largest feature is the depression that has
formed where the house collapsed in the southwest portion of the slide near GA-1. In
the general toe area where the material flowed onto the highway, the surface is
particularly disturbed with areas of entangled trees and very soft, wet ground. The
worst area appears to be an area about 150 feet (45.7 m) wide above the roadway near
Section A-A'. This area is designated as "Disturbed Area" on Figure 21 and is over-
steepened, underlain by loose landslide debris, and is considered unstable.

3.4 Landslide History

Ground movements were initially observed in about the southern area of the landslide in
early February of 1999 with the headscarp located about 150 feet (45.7 m) upslope from
US 101 and the toe just above the highway. Over the next several weeks, movement was
observed to progress upslope and further to the north with a series of headscarps
eventually joining to form a continuous single slide mass. The slide seemed to grow in
stages with the major movement occurring in early March 1999. During this movement,
the house located near GA-1 was destroyed and debris began material flowing onto US
101 closing the road. The toe of the landslide occurred above the road in the southern
two-thirds of the landslide and at or below the roadway in the northern one-third. The
road closure was caused by slide debris flowing onto the roadway with the debris
composed of wet saturated soil, water, and trees. '
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During the month of March, the slide appeared to stabilize due to a combination of
emergency horizontal drains installed and a reduction in rainfall. The total slide
movements cannot be accurately determined since the inclinometers were installed after
the majority of the movements had occurred. However, based on ground observations
and the amount of debris on the roadway, it is estimated that the total slide movements
were on the order of 5 to 10 feet (1.5 to 3 m).

3.5 Rainfall

The Hood Canal area experienced record setting rainfall during the winter of 1998-1999.
The nearest reporting rainfall gauge is situated at the Cushman Powerhouse, located
approximately 5 miles south of the MP 326-landslide site.

The period of particularly heavy precipitation began in early November 1998
culminating in a monthly total of nearly 32 inches (81.3 cm) and continued through the
end of February. The total cumulative rainfall for this four-month period (November

- 1998 through February 1999) was 107.6 inches (273.0 cm). The average annual rainfall for

this area of Hood Canal is approximately 88 inches (223.5 cm) per year.

3.6 Slide Geometry

The general topography and surface features of the slide are shown on Figure 2. The
gross overall slope from the toe of landslide to the upper scarp averages about 24 to 26
degrees or about 2H:1V. Within this mass, the current slopes range from less than 10
degrees to over 35 degrees as mapped. Where the very hard glaciolacustrine unit is
exposed above the US 101, the localized slopes are much steeper on the order of 0.5H:1V
to IH:1V. As observed in the field, there are near-vertical slopes at scarps throughout the
landslide mass. The overall width of the landslide along US 101 is about 1,400 feet (427
m) and extends upslope a horizontal distance of about 400 to 500 feet with a vertical rise
of about 150 to 250 feet (45.7 to 76.2 m). The toe of the landslide occurs above the road in
the southern two-thirds of the landslide and at or below the roadway in the northern
one-third. Some bulging and deformation of the pavement section occurred within part
of the northern one-third of the landslide.

The toe scarp in the extreme north part extends upslope behind several homes with the
upslope horizontal extent of the landslide reduced to about 150 to 200 feet (45.7 to
61.0 m). In this area the hillside is steeper, on the order of 35 degrees.
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4. SUBSURFACE CONDITIONS

4.1 General

Three primary stratigraphic units were encountered at the MP 326 site. From the
youngest to the oldest, these include coarse grain glaciofluvial outwash (Vashon advance
outwash), finer grained granular transition beds, and hard Vashon glaciolacustrine
deposits. A fourth minor stratigraphic unit was encountered in limited borings and
appears to be a dense older (pre-Vashon) till-like deposit termed glacioftuvial drift in this
report. Similar deposits have been mapped along US 101 by Carson (1976) as possibly
Salmon Springs drift. The landslide material is composed of disturbed and mobilized
portions of these units with the majority of the landslide consisting of outwash and
transition bed soils. Detailed discussion of these stratigraphic units are presented in the
following subsections.

The mapped limits of the landslide as well as the drilling and cross-section locations are
shown on Figure 2. Figures 3 through 7 show the interpreted Cross-Sections A-A’, B-B/,
C-C’,D-D’, and E-E'. Figures 8 through 10 show inferred contours of the contacts
between the stratigraphic units.

4.2 Landslide Deposits

The composition of the landslide deposits are quite variable and primarily reflect the
composition of the original in place strata. Figure 8 present the interpreted base of the
landslide deposits. The interpretation of the base of the landslide was based on a
combination of surface features, inclinometer data, soil density, sample appearance, and
judgment. The thickness of the landslide soils range from 60 to over 80 feet (18.3 to

24.4 m) in the main portion of the landslide (see Section B-B') to 20 to 40 feet (6.1 to

12.2 m) in the northern and southern areas of the slide.

The majority of the landslide material was coarse grained, reflecting the remobilized
nature of the glaciofluvial deposits. The lower portion of the landslide deposits was
generally finer grained reflecting the finer grain sediments of the transition beds.
Locally, the failure plane appeared to dip slightly into the underlying glaciolacustrine
soils. Much of the landslide debris occurred as large intact blocks of glaciofluvial
deposits. The coarser grained landslide deposits range from sandy gravel to gravely
sand with a trace to little silt. The finer grained landslide deposits generally range from
fine to medium sand with a trace to little silt and clayey silt to silty clay.

In general, the soils were loose to compact at shallow depths grading to compact to very
dense with depth. SPT values were often in excess of 50 b/ft at depth indicating the
intact block nature of portions of the landslide mass. However, even at depth, localized
zones of low blow count material were encountered indicating the true nature of the
material as disturbed landslide deposits.

-
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4.3 Glaciofluvial Outwash

The deposits were exposed in the head scarp of the landslide and within numerous
scarplets and grabens within the landslide mass. The soils were generally composed of
compact to very dense, thickly interbedded, fine to coarse subrounded to rounded gravel
with a little to some fine to coarse sand, trace to little silt and fine to coarse sand with a
trace to some silt with a little to some subrounded fine to coarse gravel. The soil was
occasionally interstratifed with interbeds of finer grained sediments ranging from
medium sand to sandy silt and minor interbeds of silty clay to clayey silt. Iron oxide
staining was common.

Figure 9 shows the interpreted base of the glaciofluvial deposits and top of the
underlying Transition Beds. Within the landslide mass, these contours represent the
base of the mobilized glaciofluvial deposits while upslope of the headscarp they
represent the base of the intact glaciofluvial soils. The thicknesses of these soils are
variable across the site ranging from about less than 40 feet (12.2 m) in the eastern
portion of the landslide to over 100 feet (30.5 m) behind the landslide head scarp.

4.4 Transition Beds

The Transition Beds represents a general fining downward sequence from the
glaciofluvial outwash deposits. Exposures of these sediments are limited to the area
along the crest of the existing highway cut slope. The Transition Beds generally ranged
from dense to very dense, interbedded to laminated fine to medium sand with a trace to
some silt to silt with some sand. As was observed in the glaciofluvial deposits, iron oxide
staining was common.

Figures 10 and 12 show the interpreted top of the glaciolacustrine deposits and base of
the Transition Beds. Figure 10 shows the interpreted top of the glaciolacustrine deposits
based strictly on the subsurface boring information. Figure 12 is the interpreted top of
the glaciolacustrine deposits based on the results of the seismic refraction survey.
Figure 12 actually shows the upper surface of the high velocity layer (7,216 feet per
second [2,189 m per second]) from the seismic refraction survey which in most cases -
closely approximates the upper surface of the hard glaciolacustrine deposits. Minor
variations occur when high velocity zones are located above the actual glaciolacustrine
deposits. Within the landslide mass, these contours represent the base of the mobilized
Transition Beds while upslope of the headscarp they represent the base of the intact
soils. The thickness of the Transition Bed soils are variable across the site ranging from
about less than 20 feet (6.1 m) in the eastern portion of the landslide to over 40 feet
(12.2 m) behind the landslide head scarp.

4.5 Glaciolacustrine Deposits

Glaciolacustrine deposits were exposed in the steep slopes just above the highway in the
southern two-thirds of the slide area and underlie the Transition Beds. Figures 10 and 12
show the inferred top of the glaciolacustrine unit. The contact between the
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Glaciolacustrine deposits and the overlying Transition Beds/landslide debris dips to the
north. In the southern two-thirds of the landslide along the highway, the contact was
exposed above the highway. In the vicinity of Boring GA-7/7A, the contact dips and
drops in elevation to the approximate elevation of the highway. As encountered in the
exploration program, these deposits varied from in excess of 55 feet (16.8 m) thick in
Boring GA-8 located behind the head scarp to as thm as 7 feet (2.1 m) beneath the
landslide debris in Boring GA-2.

Figures 10 and 12 clearly show that the top of the glaciolacustrine deposits is an
undulating erosional contact. This surface is irregular and has several well-defined
channels incised into the upper surface of the deposit that have subsequently been
infilled by Transitional Bed and glaciofluvial deposits. Two distinct channels are evident
on Figure 12. The deepest and best defined channel is located south of the approximate
location of cross-section B-B” near Boring GA-5 and opens to the east near the vicinity of
Boring GA-6. A second, less well defined, trough is located near Boring GA-8 and opens
to the east toward Boring H-1-99. These troughs tend to focus groundwater flow into
distinct areas where the groundwater discharges as springs.

The glaciolacustrine deposits were generally massive to laminated, locally jointed ‘.
sediments ranging from silty clay to clayey silt with a trace of sand and rounded gravel
and cobble size clasts as drop stones. Atterberg limit results indicate that the soils are
lean clays that plot on about the A-line with PI values in the range of 15 to 20 percent. In
general the soil was very stiff to hard with SPT values often over 50 b/ft. However,
occasional localized zones of lower blow counts occurred at depth possibly indicating
deeper ancient slide planes. A residual angle direct shear test was performed on a
sample of the glaciolacustrine unit within the inferred failure zone. The test results
indicated a residual angle of about ¢'r = 24 degrees which is consistent with results from
similar low plasticity soils in the Puget Sound area.

4.6 Glaciofluvial Drift

These deposits were exposed in the lower portion of the approximate southern one-half
of the existing cut slope and likely occur below the glaciolacustrine elsewhere in the
landslide area. These sediments were typically very dense, nonstratified, fine to coarse
sand with a little to some subangular to rounded fine to coarse gravel with a little to
some clayey silt and exhibited an overall till-like appearance.

These deposits were not fully penetrated by any of the borings. The thickest section
(46 feet [14 m]) was encountered in Boring GA-7.

4.7 Groundwater Conditions

4.7.1 General

The site is located at the toe of a large hillside rising hundreds of feet to the northwest.
Thus, it is located in a groundwater discharge zone with the ground carrying
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groundwater from an extensive recharge area possibly extending all the way to Lake
Cushman some 5.5 miles (8.8 km) to the west. In fact, Lake Cushman itself may be a

major source of recharge due to infiltration of Lake water and could contribute to the
instability of the slopes above-US 101 in the area.

An understanding of the groundwater conditions is critical to assessing the landslide
behavior and developing stabilization options. Of particular interest are water levels
that triggered the landslide in February 1999. Unfortunately, the piezometers were
installed after the landslide movement stopped and the water levels decreased. Thus,
there is no direct data on the maximum water levels that triggered the slide.

4.7.2 Observed Seeps

In the spring of 1999, where the landslide toe is above the roadway, seeps occurred at
about the base of the inferred landslide indicating that the groundwater surface appears
to daylight on the slope along the landslide plane. Where the landslide surface is at or
below the road, the observed seeps were at about the roadway level. There was no
evidence of seepage occurring at the transition bed and overlying coarser landslide
debris unit. This was a bit surprising due to the implied permeability contrast between
the two units and the inferred thickness of saturated sands and gravels in the main
landslide mass. 4 .

Reportedly when the slope was still moving, surface seeps were observed near the
location of WSDOT boring H-1-99 at an elevation of about 105 feet (32.0 m). It was
assumed that these seeps occurred near the toe of the steep slope some 30 feet (91 m)
behind the boring location. When the piezometer at H-2-99 was installed and read on
April 13, the groundwater level was at depth was 15 feet (4.6 m) below the ground
surface or about elevation 90 feet (27.4 m). Considering the localized topography, if the
groundwater table was at a depth of about 10 feet (3.1 m) at the boring, it would likely
have daylighted at the toe of the slope. Stability analysis of a section located through
boring H-1 indicate that the phreatic surface likely did daylight at the toe of the slope
behind the house at failure.

During the period that slide debris was moving onto the road, significant seepage flows
were observed. In general it appeared that as soil failed onto the road, it would release
trapped water that would then saturated the soils resulting in essentially a mud flow.
Golder observed smaller events of this type in early June.

During heavy rain events, there is little evidence of surface runoff or surface erosion. It
appears that the rainfall quickly infiltrated into the ground due to the high permeability
of the near surface soils.

- 4.7.3 Piezometer Data

In general, the piezometers were sealed in the transition units as summarized on Table 2.
The groundwater elevations in the summer of 1999 ranged from about 30 to 40 feet
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(9.1 to 12.2 m) near the road to 120 feet (36.6 m) below the headscarp. The average
gradient was on the order of 20 percent (13 degrees). Table 2 and Appendix B show
about two to three months of groundwater data. During this period, the groundwater
levels dropped with the drop ranging from less than a foot to a maximum of about 18
feet (5.5 m) at H-1-99. The greatest drops appear to be in the central area of the landslide
near the horizontal drains although GA-1, in the southern area away from the drains,
dropped about 12 feet (3.7 m). Since the piezometers were installed after the landslide
occurred, the maximum measured levels do not represent the maximum actual levels
prior to failure. '

Installation of the emergency horizontal drains impacted the groundwater levels in the
vicinity of the drains. Only four piezometers are located in close proximity to horizontal
drains. In two of these piezometers, the current groundwater levels are at about the
inferred drain invert level indicating an effective drain. The other two have current
water levels 10 to 30 feet (3.1 to 9.1 m) above the inferred drain level.

474 Interpretation of Groundwater Regime

Based on field observations and piezometer data, groundwater appears to be perched'
along the top of the hard, low permeability glaciolacustrine deposits. Groundwater
discharging as springs is clearly evident along the crest of the highway cut where the top
of the glaciolacustrine deposits and the base of the landslide daylights in the slope.
Where the base of the landslide dips to the level of the roadway, observed groundwater
seeps are located at about the roadway level. Figure 11 shows the interpreted elevations
of the groundwater surface during the early summer 1999.

As discussed in Section 4.5, the top of the glaciolacustrine unit forms several trough
shaped depressions which likely represent ancient erosion surfaces. These features are
believed to concentrate the groundwater flow, which may be responsible for the zones of
high seepage at the toe and may explain why the failure initiated where it did.

The total thickness of saturated soils overlying the landslide plane in the summer of 1999
ranged from 25 to 50 feet (7.6 to 15.2 m) through the central area of the landslide and

10 to 20 feel (3.1 to 6.1 m) along the southern and northern sections. However, much of
the saturated zone occurs within the finer grained Transition Beds. The saturated
thickness of the overlying gravelly sand unit is only about 5 to 20 feet (1.5 to 6.1 m)
through the central area of the landslide and less than a few feet along the southern and
northern sections. The small scale permeability of the coarse landslide debris material is
likely on the order of 102 cisec with the permeability of the Transition Beds likely being
on the order of 10*to 10° cm/sec. These estimates are based on the results of the slug
tests, grain size results, and judgment. However, on a macro scale the permeability of
the transition unit may be much higher due to ground fractures.

Although no shallow piezometers are installed, it is likely that localized zones of shallow
perched groundwater may occur during periods of heavy precipitation. This would be
caused by localized layers of lower permeability soils perching the water above the
deeper groundwater levels.
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5. LANDSLIDE MECHANISM AND STRENGTH PARAMETERS

5.1 Landslide Mechanism

The data implies that the landslide was a progressive block slide failing on a weak zone
near the top of the glaciolacustrine clays. The recent landslide is believed to have
occurred within in a larger ancient landslide mass that extends further north and south
along the hillside above US 101. The high groundwater levels that resulted in high
seepage pressures are considered the trigger causing the landslide. As discussed in
Section 3.5, the area had experienced record rainfalls that likely resulted in groundwater
levels that were higher than had occurred for many years. Long-term seepage from Lake
Cushman as well as the original cuts made to construct US 101 may have also
contributed to the failure.

It is not possible to determine the precise sequence of the landslide development.
However, based on the available data and experience on similar slides, it is postulated
that the landslide sequence likely involved the following;

1. The landslide involved re-activation of an ancient landslide mass. The landslide
plane occurred just below the granular soils within a disturbed, softened zone in
the underlying glaciolacustrine soils. Since the material had failed previously, it
had been strain softened and likely occurred at the material's residual strength.

2. Due to heavy prolonged rain, high seepage pressures in the toe area caused an
initial block landslide extendmg about 100 to 150 feet (30.5 to 45.7 m) upslope of
the toe.

3. As this block failed, it moved outward leaving a headscarp with ground cracks
extending some depth below grade. As it moved, the ground cracked and
released large volumes of trapped water. Numerous debris flows occurred when
this released seepage and other “trapped” pockets of water carried landslide
debris downslope.

4. The movement of the initial block unloaded the passive zone supporting the
upslope ground. This reduced the stability of the upslope ground resulting in
another second block landslide. As the second block landslide occurred, it
pushed the lower block and unloaded the next upper block. This caused the next

block to fail and push additional material out at the overall toe area.

5.2 Back-Analysis Main Slide Area

By assuming that the factor of safety (FS) was 1.0 at failure, it is possible to back-analyze
the soil strength parameters with slope stability calculations. Stability analyses using the
computer code XSTABLE was completed on numerous stability sections with a variety of
search routines. Judgment was required to assess the relative strengths of the units and
the location of the groundwater table at failure. In general, it was assumed that the
maximum groundwater table at the time of failure was on the order of 10 to 15 feet (3.1
to 4.6 m) higher than shown on Figure 11 in the toe area and about 20 to 25 feet (6.1 to 7.6
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m) higher at the back of the landslide. This resulted in steep gradients with surface
seepage in the toe area. The assumption is also consistent with the observed seeps in
early April near H-1-99. Table 5 presents the results of the stability analyses for Section
B-B’ which is considered the most representative critical section. Appendix E includes
XSTABLE printouts from Section B-B’. Table 5 presents each case evaluated for Section
B-B’, the assumed strength parameters, and assumed groundwater table. The results are
either the calculated factor of safety (FS) or the yield acceleration (Ay). Ay was reported
for the seismic cases and is defined as the applied horizontal acceleration that reduces
the FS to about 1.0. The ration of Ay to the design peak acceleration and earthquake
magnitude can be used to estimate the seismically induced slope movements.

For the main slide area, it was assumed that a smaller block failed first with subsequent
blocks failing as the landslide progressed upslope. Search routines consistently showed
that a smaller landslide block had a lower FS. As shown on Table 5, the calculated FS at
failure for the small initiation block was 0.99 while the calculated FS for the entire block
was FS = 1.05. These results combined with the observations imply that the landslide
was a progressive failure with two or three main events. Reasonable consistent results
were obtained with granular landslide units having a ¢' = 36 degrees and the landslide
plane having a residual ¢z’ = 25 degrees. These values seem reasonable considering the
high SPT values in the granular landslide debris and the low plasticity of the clays. The
residual angle direct shear test results indicated ¢y’ = 24 degrees. These parameters
combined with the summer 1999 groundwater table implies a FS of 1.14 for the initiation
block in Section B-B’ in the main slide area.

5.3 Northern Steep Slide Section

The extreme northern section of the landslide appears to be different than the main
landslide area. The boring data implies that in this area the failure plane is relatively
shallow and occurs within the granular transition unit and not within the underlying
glaciolacustrine soils. In addition, surface topography is steep averaging about 35
degrees. The back-analysis of the landslide for Section D-D'indicates a strength of over
¢' = 36 degrees along the failure plane. |

The data implies that the failure occurred in granular soils due to steep slopes and high
seepage pressure. The failure of the main landslide may have imposed a shear load on
the soil that initiated the landslide. Table 4 presents the results of the stability analyses
while Appendix E includes specific XSTABLE results.
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6. RECOMMENDED STABILIZATION ALTERNATIVE

6.1 General

The purpose of any stabilization work by WSDOT will be to protect US 101 and
minimize the risk of future road damage and closures. Stabilizing all sections of the
landslide, such as the extreme northern section, is not a WSDOT priority if the additional
landslide movements are unlikely to impact the road. Itis also understood that the
desired calculated static FS is 1.25. Stability under seismic condition was assumed not to
depend on a minimum FS but rather on a requirement of ground movement will not
close the road.

In the assessment of the options, consideration was given to the timing and practicality
of the work including short-term stability risks, impacts to public, and the need for road
closures. It was assumed that all major earthwork must be done during the "dry"
construction season. Thus, important factors relate to what work can be completed
during the 1999 summer/fall construction season and what work must be delayed for the
future.

A wide range of options was considered initially, including various subsurface drainage
methods, toe buttresses, deep soil improvement, raising the road grade to forma
buttress, structural stabilization solutions, and.debris walls. However, based on
judgment, past experience and discussions with WSDOT, the recommended remediation
consists of a combination of horizontal drains and surface grading to be implemented in
1999 possibly supplemented with a limited toe buttress in the future. The need to
construct a toe buttress in the future will depend on the effectiveness of the drains and
the performance of the landslide over the 1999-2000 winter season. Itis not considered
appropriate to install the buttress during the 1999 construction season. This opinion is

- based on the fact that the buttress may not be required pending the effectiveness of the

drains, contractual timing constraints, and the desire not to cut into the toe of the slopes
until all the drains have been installed and are fully effective.

A key aspect of this approach will be monitoring of the landslide to assess the need for a
toe buttress in the short term and to monitor the continued effectiveness of the drains in
the long term.

Based on discussions with WSDOT, stabilization work will not include the extreme
northern section of the slide where the toe is located well above the highway. This
decision is based on the very low risk that future movements of this section of the slide
would impact the roadway.

6.2 Recommended 1999 Stabilization Work

The recommended stabilization work to be implemented during the 1999 construction
season include:
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e HORIZONTAL DRAINS: The intent of the drains will be to drain the slope and
limit the maximum future groundwater table to levels consistent with a
calculated FS of about 1.25. A set of closely placed 300 to 400 foot (91.4 to 121.9 m)
long drains are recommended just above the inferred failure plane to maximize
the groundwater drawdown levels. A second set of drains is also recommended
at a wider spacing and located just above the contact between the Transition Bed
soils within the permeable glaciofluvial outwash sands and gravels. The purpose
of these upper drains is to drain most of the actual water flow volumes and
reduce the head within the underlying Transition Beds. Figure 13 shows a
typical idealized section with the drains.

o GENERAL SITE REGRADING: This work will involve site grading to eliminate
any closed depressions and minor regrading in selected areas on the site to
facilitate drainage and eliminate any significant surficially unstable areas. In
addition, in the unstable toe area designated as "Disturbed Area" on Figure 21,
loose unstable soils should be stripped from the slope, the slope flatted to the
extent practical, and then covered with rockfill.

o 1999/2000 MONITORING: This will include monitoring of piezometers,
inclinometers, surface displacement monitoring, and horizontal drain discharge -
over the 1999-2000 winter season. In addition to the existing piezometers,
installation of several additional piezometers are recommended.

If the drains are fully effective in reducing the maximum groundwater table to a
maximum of about 5 feet above the failure plane in the toe area and 10 feet (3.65 m)
above the failure plane in the headscarp area, the calculated FS will be about 1.25.

The calculated yield acceleration (Ay), which is defined as the acceleration that reduces
the FS to 1.0, was calculated to be about 0.1g assuming effective drains. With a design
Apax of 0.2g, a Newmark analysis implies that the seismic ground displacement will be on
the order of several inches which is considered acceptable. Table 5 summarizes the
XSTABLE stability runs supporting these conclusions while Appendix E includes
representative XSTABLE results.

6.3 Future Stabilization Work

Depending on the effectiveness of the drains as determined from the monitoring data,
additional stabilization work may be warranted in the future. The specific requirements
will depend on the monitoring data and the behavior of the landslide over the 1999/2000
winter season. If required, the additional work will likely consist of additional drains
and/or a toe buttress. If additional horizontal drains are determined to be necessary, the
work would likely consist of adding more upper drains by decreasing the spacing and/or
extending the area treated.

General comments about a toe buttress include:

e FUNCTION: A toe buttress will act as an effective toe drain and add additional
sliding resistance to the slide block. Due to the large size of the landslide, a very
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large buttress would be required to significantly improve the calculated stability
of the entire landslide mass. However, it is felt that the landslide mechanism
involves failure of an initial small wedge that then progresses upslope. The
buttress would be designed to improve the calculated FS of this initial slide block
estimated to extend about 150 feet (45.7 m) back from the toe.

e TYPE: The buttress could consist of a rockfill buttress or an MSE wall buttress.
The advantage of the MSE wall option is that it reduces the extent of the required
temporary cuts and increases the resistance by increasing the depth of resisting
soil weight on any potential failure surface.

e GEOMETRY AND CONSTRUCTION ISSUES: A slightly different design will be
required depending on whether the failure plane occurs at or above the roadway.
Based on the current grades, the case of where landslide plane occurs above the
road appears to present a more difficult condition since the slopes are steeper. A
major consideration is the constructibility of the buttress. Temporary cuts will be
required significantly increasing the earthwork volumes and possibly
destabilizing the landslide. It is assumed that 1H:1V temporary cuts in the native
soils would be feasible provided the full drainage system was installed and the
work is done in the dry summer months, the slope was carefully monitored and
an allowance was made for localized sloughing failures. This would require a
safe setback distance from US 101, temporary wall barriers and/or road closure.

e EXAMPLE DESIGN: Figure 22 shows the general geometry of an MSE buttress
for two conditions including areas with the toe of the landslide located at the
roadway level and areas where the toe of the landslide is above the roadway.

e INITIAL DESIGN DETAIL FOR HORIZONTAL DRAINS: The 1999 horizontal
drain installation will be completed prior to any buttress construction. The
design details should consider the possibility that a buttress may be added in the
future and the design should be planned to facilitate the construction without
destroying the drains.

The need for, size and location of the buttress depends on the results of the 1999/2000
winter season monitoring data. For the purposes of this report, it was assumed that the
buttress would have to increase the calculated FS of the initiation failure block from 1.15 to
1.25. XSTABLE runs indicate that an MSE fill buttress would have to have a height of
about 15 to 20 feet (4.6 m) with the assumed geometry shown on Figure 22. The XSTABLE
runs are summarized on Table 5 with representative runs included in Appendix E.
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7. STABILIZATION CRITERIA 1999 CONSTRUCTION SEASON

7.1 General

This section presents specific design criteria for the stabilization work to be completed

during the 1999 construction season prior to the fall/winter rains. The work includes four
main components: 1) Horizontal drains, 2) Limited Site Regrading, and 3) Stabilization of
"Disturbed Area." Section 8 discusses the required short and long-term, slide-monitoring

program.
7.2 Horizontal Drains

7.1.1 Lower Horizontal Drains

The lower drains will involve installation of a lower set of closely spaced horizontal
drains installed just above the exposed toe of the landslide and inclined upward to
approximately follow the contact between the Transition Beds and the underlying
glaciolacustrine clay unit. This normally will also represent the landslide plane except
locally where the actual landslide plane appears to extend below the top of the clay.
These drains can be installed in parallel along an access road at the base of the toe of the
landslide or in several arrays from a series of access pits.

Figure 15 shows the elevation and locations for both the beginning (head) and end (tip) of ‘
the drains. The required entrance elevations, inclinations, and lengths can be calculated
based on this Figure and the horizontal orientation of the specific drains. Design criteria
include:

e SPACING: The intent is to cover the landslide area with drains at about a
maximum spacing of 25 feet (7.0 m).

e LENGTH: The intent is to install the drains to extend to about the back scarp of
the landslide which will result in projected upslope lengths on the order of 300 to
400 feet as shown on Figure 15. The actual lengths of individual drains may be
longer particularly for drains installed at high lateral orientations to the fall line.
Due to the inclination of the back landslide plane, the drains need only extend to
about 100 feet (30.5 m) from the mapped upper landslide head scarp.

e DIAMETER: Minimum inside diameter 1.5 inches (3.81 cm).

e LOCATIONS: The intentis to install the drains at about the location where the
landslide plane "daylights” on the slope in the southern two-thirds of the
landslide and near the toe of the slope above the roadway in the northern one-
third of the main landslide. Figure 15 shows the recommended entrance
locations for the drains.

e INCLINATIONS: The intent is to have the dra}r‘i:s located within the Transition
Bed soils just above the landslide plane. The inclinations for specific drains can
be determined based on Figure 15.
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o DRAIN GEOMETRY: The drains can be installed from a series of arrays or
simply placed perpendicular to the slopes at a uniform spacing. A series of
shorter arrays are required if arrays are used to avoid any undrained areas
between the main arrays. The choice of drain geometry and the specific drain
locations should be based on constructibility, cost and maintenance
considerations. If arrays are used, intermediate short arrays will be required to
provide adequate drain coverage. Figure 20 shows typical drain geometries.

o DRAIN DISCHARGE AND MAINTENANCE ACCESS: The drain discharge
should be collected and drained to a safe discharge point to avoid slope damage
from possible high discharge rates. This can usually be done with a manifold for
parallel drain installations or single discharge pipe at each array location. It is
necessary for each drain to be accessible to both monitor the discharge rate and to

allow drain flushing,.

7.1.2 Upper Horizontal Drains

The upper drains should be located near the base of the upper coarse sand and gravel
landslide debris just above the inferred top of the finer grained Transition Bed unit.
These drains should be installed in the central portion of the landslide mass. The
maximum spacing of these drains should be 40 feet (12.2 m) and then should extend back
to the estimated location of the landslide plane.

As with the lower drains, both parallel drains and arrays can be installed with the choice

based on constructibility, cost and maintenance considerations. Figure 16 shows the
recommended location, length and elevation of the drains. '

7.1.3 Accommodating Future Buttress Construction

As discussed in Section 6.3, it is possible that a toe buttress may be constructed in the
future to increase slope stability. This would involve some slope excavation and
placement of fill to form a rockfill or an MSE fill buttress. The specific design details of the
drains must consider this possible future work.

Several options should be considered including:

e ARRAYS/MANHOLE: The drains could be installed from arrays with the arrays
collected in a manhole. If an MSE wall buttress is constructed, the wall would be
designed and constructed to avoid the Manhole drains. This would require
modification to the normal soil reinforcement locations but can readily be done.
The manhole height could be increased as the fill is placed to provide access to
the drains after completion of the buttress.

e CAREFUL CONSTRUCTION AND EXTENSION OF DRAINS: The buttress
contractor could be required not to avoid damaging the drains and required to
extend the drain pipes into a new manifold system accessible after the buttress is
completed. This will add to the construction cost as the contractor will have to
carefully excavate around the drains and include a contingency for repairing
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damaged pipes. It may be appropriate to install steel casing around the lower 20
to 40 feet (6.1 to 12.2 m) of pipe to provide partial protection during future
excavation. '

Itis recommended that the as-built drain locations be surveyed to provide future
contractors with data on the drain locations as discussed below. This information will also
be required to properly evaluate drain effectiveness.

7.1.4 Construction Monitoring and Field Modifications

The drain installation should include the following prooedurés:

e At 50-foot (15.2-m) intervals during installation, the driller should take a water
pressure measurement in the casing to determine the tip elevation and actual
average inclination of the pipe. The operator has some ability to increase or
decrease the inclination by varying the drill speed and pressure. Drains that are
installed significantly above or below the intended target may have to be
replaced and/or abandoned before completion.

e The drilling conditions should be monitored by an experienced WSDOT

geotechnical inspector to allow a general assessment of the soils encountered.

e The discharge rates from each drain should be monitored after installation and
periodically thereafter.

e Some of the drains may produce no flow or large flows. In addition, based on
past experience, drains may meet refusal before reaching their design lengths.
Based on the actual conditions encountered, it may be appropriate to add more
drains and/or modify the inclinations. The discharge rate, measured tip
elevations, and drilling behavior will be vital in assessing the need for and type of
field design changes.

» Afterinstallation, an as-built drain plan should be prepared. The general vertical
alignment can be determined based on the tip elevations measured every 50 feet
(15.2 m) during installation. The horizontal alignment can be determined with
geophysical methods by inserting a wire with a low current into each drain and
using surface geophysical instruments. The as-built data is considered essential
in interpreting the piezometer information and effectiveness of the drains.

The monitoring data and field assessments are an essential part of the overall remediation
work. Due to the nature of horizontal drain installations and the complex site conditions,
without the monitoring and field changes the effectiveness of the entire remediation work
will be compromised.

Golder Associates
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7.1.5 Long-Term Drain Performance and Maintenance

Horizontal drains require long-term momtonng, penodlc flushing, and possible
replacement. With time horizontal drain effectiveness tends to decrease and individual
drains can become completely ineffective. This can be due to mechanical and/or biological
clogging, slope movement that breaks the pipe, and/or other effects. Regardless of the
reasons, drain performance monitoring and maintenance must be considered a permanent
requirement that forms an essential part of the overall remediation work. Withouta
continuous maintenance program, the drains may eventually become ineffective and the
slope-susceptible to additional failure and road closure.

Based on the results of the monitoring program, drains will require flushing to remove
biologic and/or soil clogging material. It is possible that flushing will not be totally effective
in re-establishing the drain. If this becomes a significant problem involving several drains
in critical areas, new horizontal drains would have to be installed.

Section 8 presents recommendations for long—term monitoring to assess the effectiveness
of the drains.

7.2 Remediation of "Unstable Area" Above Highway

There is about a 150-foot (45.7 m) wide section above the roadway that appears to be
over-steepened, underlain by loose landslide debris, and is considered unstable. This
was discussed in Section 3.3 and is shown as "Disturbed Area" on Figure 21. Itis
recommended that the loose unstable soils are stripped from the slope, the slope flatted
to the extent practical, and then covered with rockfill.

The details of the work should be based on field conditions using judgment to minimize
impacts and costs while obtaining a stable slope. The general intent is to remove the
loose, unstable soils and debris and cover with a rockfill layer. This will likely require
partial road closure to minimize the risks of debris flows impacting traffic.

7.3 General Site Regrading And Erosion Protection

This work will involve site grading to ehmmate any major depressions which could pond
water and minor regrading in selected areas on the site to facilitate drainage and
eliminate any significant surficially unstable areas.

The details of the work should be based on field conditions using judgment to minimize
impacts and costs. The general intent is to:

e Regrade the obvious depressions to promote drainage such as the deep graben in
the area of the destroyed house in the upper southern area of the landslide. This
earthwork can likely be completed with sxmple regrading without the need to
import or export material.
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Remove unstable debris and soils from the slopes just above US 101 that may
develop into debris flows in the fall/winter rains. Localized placement of rockfill
and/or geotextiles may be warranted. This may result in some import or export of
materials. '

Localized regrading on the main landslide mass. Based on the lack of observed
surface runoff and erosion, the general regrading on the main landslide mass can
be minimized to a few selected areas which are readily accessible or present a

high risk of failing in the fall rains.

Golder Associates
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8. INSTRUMENTATION AND MONITORING

To properly assess the effectiveness of the drains and monitor the long-term slope stability
conditions, an effective monitoring program must be put in place and monitored
indefinitely. WSDOT is planning to install an automated, remote telemetry monitoring
system to facilitate gathering data and reduce the reaction time when action levels are
exceeded. This will likely involve remote monitoring of four piezometers, three
inclinometers, and the flow from three drain manifolds. Data from these instruments will
be collected continuously with the data transmitted periodically to WSDOT for use in
assessment and for archive records or immediately if selected action levels are exceeded.

The monitoring program should include:

o ADDITIONAL PIEZOMETERS: It is recommended that an additional four
piezometers are installed in an area about 150 to 200 feet (45.7 to 61 m) upslope
from the highway to improve the evaluation of the effectiveness of the drains in
stabilizing the initiation slide block. The locations should be spaced above the toe
of the main landslide area between Sections A-A' and C-C' shown on Figure 2.

e SURFACE SURVEY POINTS AND OBSERVATIONS: This involves establishing
surface monitoring points at key locations on the landslide. These can be
surveyed yearly and/or after other data implies slope movements. In addition,
the general slide area should be inspected every time the site is visited to take
readings for any evidence of movement with a detail ground reconnaissance
yearly.

e PIEZOMETER DATA: All of the piezometers should be monitored periodically
with the data evaluated to assess drain effectiveness and to calculate the implied
slope stability FS. As a minimum the piezometers should be read four times a
year for the first five years with additional data obtained if unusual precipitation
events occur or other data implies slope movements. These readings should be
taken in the early fall when the levels should be low, once in late November or
early December, once in late February or early March and once in May. After five
years, the frequency of readings and the number of piezometers read should be

re evaluated.

e INCLINOMETER DATA: For the first five years, all of the inclinometers should
be read yearly with additional readings taken in the vicinity of any suspected
movements. In addition, inclinometers GA-2, GA-6, GA-5, GA-9 and H-1-99
located in the highest risk areas should be read at about the same frequency as
the piezometers. After five years, the frequency of readings and the number of
inclinometers read should be re evaluated.

e HORIZONTAL DRAIN DISCHARGE RATES: For two years the discharge rates
from each individual drain should be measured three times a year. This would
include once in the early fall when the rates should be low, once in late
November or early December, and once in late February or early March. In
addition, the total flow into collection manifolds should be read whenever the
piezometers are read. This data will be used to develop an understanding of the
pattern of the flow rates and assist in determining if drains are becoming clogged
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in the future. After this initial two-year period, the frequency of readings and the
need to measure individual drains should be re-evaluated. It may be possible to
simply measure the cumulative flow of each array to identify if clogging is
occurring with an individual drain measured only if a problem is indicated.

- Although the cumulative rates are important, a decrease in a discharge from a
drain with limited flow production can be important since it is seepage heads, not
flow rates that cause landslides. Thus, the discharge rates need to be evaluated in
conjunction with the other slope data.

e DATA EVALUATION: An all too common problem with long-term monitoring
programs is that the data is collected but not evaluated in a timely manner. The
tendency to do this also increases with time as lack of problems canresultin a
general complacency. WSDOT should develop a protocol for the timely review
and evaluation of the data. Itis recommended that the protocol makes a specific
individual responsible for the work and require a yearly written report.

A set of threshold values involving decreases in drain flows, rising piezometer levels,
inclinometer movements and/or surface movements should be established which require a
detailed assessment and possible action. Until the drains are installed and actual
monitoring data is obtained it is felt to be premature to make specific action level
recommendations. Rather it is recommended that preliminary action levels are developed
after the drains and additional piezometers are installed and the data from the late
November or early December readings are taken. This will involve an assessment of the
data collected at that time combined with a re-evaluation of the slope stability. These
results will form the basis of assessing the various action levels.

Once the action levels are established the criteria should be reassessed yearly and may be
revised in the future as more data is collected. An emergency plan should also be
developed to allow a rapid response if conditions are determined to be critical. This might
include rapid mobilization of a drain contractor, partial road closure, additional
monitoring, etc.
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9. USE OF THE REPORT

This report has been prepared exclusively for the use of WSDOT and their consultants
for specific application to this project. The Golder field borings were performed in
general accordance with locally accepted geotechnical engmeenng practice to provide
information for the areas explored. There are possible variations in the subsurface
conditions between the borings and variations with in the groundwater conditions with
time. In addition to Golder's explorations, we relied on the log of a WSDOT boring and
general observations made by WSDOT personnel before our involvement.

As discussed in Sections 7.2.4, 7.2.5, and 8.0 construction monitoring of drain
installations, long-term monitoring of the slope behavior, and long-term maintenance of
the drains form an essential part of the overall recommended slope stabilization work.
Without this monitoring and maintenance, the recommended stabilization, even if
implemented as designed, will not provide for acceptable control of the landslide.
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TABLE1
Summary of Exploratory Boreholes
Borehole Collar Depth to Elevation of | Piezometer Sand Pack | Piezometer Sand Pack
Number Elevation | Bottom of Hole | Bottom of Hole Depth Range Elevation Range Comments
(feet MSL) (feet bgs) (feet MSL) (feet b&s) {feet MSL)
GA-1 191.0 144.0 470 NA NA Inclinometer
GA-1A 191.0 96.0 95.0 74 t0 95 117 t0 96
GA-2 137.2 101.8 354 NA NA Inclinometer
GA-2A 137.0 72.0 65.0 60 to 70 77 to 67
GA-3 81.3 51.5 29.8 NA NA Inclinometer
GA-3A 81.3 23.0 58.3 12 t0 22 79.3 t0 69.3
- GA-4 3479 275.7 72.2 NA NA Inclinometer
GA-A 3479 240.0 107.9 188 to 238 159.9 to 109.9
GA-5 175.0 150.0 25.0 NA NA Inclinometer
GA-5A 175.0 115.0 60.0 103 to 113 72 to 62
GA-6 938 71.8 22.0 NA NA Inclinometer
GA-6A 940 52.0 42.0 40 to 50 54 to 44
GA-7 310 455 -14.5 34to44 -3to-13
GA-7A 31.0 450 -14.0 NA NA Inclinometer
GA-8 243.7 226.0 17.7 NA NA Inclinometer
GA-8A 243.0 169.0 74.0 149 to 169 04 to 74
GA-9 65.6 57.0 8.6 NA NA Inclinometer
GA-9A 66.0 320 340 20 to 30 46 to 36
GA-10 180.0 96.0 84.0 NA NA Inclinometer
GA-10A 180.0 75.0 105.0 53t0 73 127 to 107
GA-11 127.0 744 526 NA NA Inclinometer
GA-11A 127.0 52.0 75.0 40 to 50 87 to 77
GA-12 127.0 52.0 75.0 NA NA Inclinometer
H-1-99 102.7 88.0 14.7 12 to 88 90.7 to 14.7 Installed by WSDOT
Notes: -  MSL = Mean Sea Level

bgs = Below Ground Surface

0825Table1.XL5326 Summary Table



8/25/99

Summary of Horizontal Drain Flows

TABLE2

993-1467.500

FLOW RATES (GPM)

Drain # 6/4/99 6/7/99 6/9/99 6/11/99 6/15/99 7/1/99
A1 Dry Dry Dry Dry Dry Dry
A2 33.8 33.8 33.8 33.8 33.8 22.5
\AIS 19.3 16.9 16.9 19.3 12.3 13.5
A4 5.4 4.8 3.6 3.6 3.1 29
A5 2.9 24 2.8 1.8 1.6 1
A6 44 4.1 3.9 3.6 33 2.7
Total A 65.8 62 61 62.1 54.1 42.6
B1 2.3 2.1 1.9 1.8 1.7 14
B2 33 3.3 2.6 2.5 2.2 1.6
Total B 5.6 5.4 4.5 4.3 3.9 3
C1 3.8 3.6 3.1 3.1 29" 2.3
C2 34 3.6 3.5 3.2 3 4.7
c3 7.5 7.9 7.5 7.1 6.4 6.1
C4&C6 84 8.4 6.8 6.1 7.9 6.8
C5 54 5.6 5.2 5.2 5.2 4.7
Total C 28.5 29.1 26.1 24.7 254 24.6
D1 Dry Dry Dry Dry Dry Dry
D2 Dry Dry Dry Dry Dry Dry
D3 Dry Dry Dry Dry || Dry Dry
D4 Drip Drip Drip Dry Dry || Drip
D5 & D8 4.8 5.4 4.7 4.2 3.9 3.6
D6 Dry Dy | Dy | Dy | Dry | Dry
D7 Dry Dry | Dry | Dry || Dry Dry
D9 Dry Dry Dry Dry || Dry Dry
D10 Dry Dry Dry Dry Dry 7?7?
Total D 4.2

0825figd.xIs326 data
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8/25/99
GRAPH OF HORIZONTAL DRAIN FLOWS
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TABLE 3
Summary of Water Levels
Piezometer Date

Number 4/13/99 4/30/99 5/1/99 5/3/99 5/7/99 5/11/99 5/12/99 5/13/99 5/17/99 5/21/99 6/5/99 6/7/99 6/9/99 6/11/99 | 6/15/99 7/1/99
GA-1A N/A NA N/A NA N/A 69.84 70.94 71.42 71.58 72.4 7294 73.29 93.52 93.62 93.69 7522
GA-2A NA 36.06 36.1 362 NA 36.3 NA N/A NA NA 39 39.22 39.38 39.57 39.74 . 40.75

GA-3A NA 7.6 7.54 7.6 NA 7.75 NA 7.8 7.83 7.86 8.05 8.1 8.11 8.16 8.18 8.32

GA-4A N/A NA N/A N/A NA NA NA NA NA NA NA 199.69 199.77 200.04 199.77 200.8

GA-5A N/A NA N/A NA N/A 5 54.28 54.58 54.95 56.5 56.6 56.84 56.99 47.14 57.4 58.7

GA-6A NA NA N/A NA 23.35 23.94 23.6 23.76 24.13 4.4 28.44 28.86 29.16 29.46 N/A 30.7

GA-7 N/A NA N/A NA N/A NA NA 4.2 5.04 5.22 NA 5.79 5.82 NA 6.13 6.1
GA-8A N/A N/A NA NA NA N/A NA 103.7 107.4 107.11 108 108.34 108.48 108,78 108.83 110.33
GA-9A NA NA N/A NA 13.5 NA 14.26 13.32 19.74 21.18 2.84 22.98 23.05 23.18 23.26 23.68

GA-10A N/A NA N/A NA NA N/A NA NA NA 48.35 49.19 49.35 494 49.62 49.67 50.61
GA-11A N/A NA N/A N/A NA NA NA NA 30.24 30.41 30.74 30.79 30.86 30.89 30.87 31.14
H-1-99 15.1 NA N/A N/A N/A N/A N/A N/A N/A NA NA 31.74 32.05 32.51 33.11 3648

N

0825Table3.XL5326 Report Table
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GA-1A
Date
4/30/99 5/10/99 5/20/99 5/30/99 6/9/99 6/19/99 6/29/99 7/9/99
0 : : : ; + :
10 +
20 +

30 +

Water Depth (feet bgs)
.S
o

60 +
Installed 5/5/99
70 + \___‘\‘
. & . 4 <& Y e ﬁ.
80
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GA-2A
Date
4/20/99 4/30/99 5/10/99 5/20/99 5/30/99 6/9/99 6/19/99 6/29/99 7/9/99

O 4 Il Il L J It
T T 1 i T T

104

15 +

20 +

25 +

Water Depth (feet bgs)

30 4+

as |  [Installed 4/29/99 WSDOT transducer installed

45
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GA-3A
Date
4/20/99 4/30/99 5/10/99 5/20/99 5/30/99 6/9/99 6/19/99 6/29/99 ~ 7/9/99

0 Il { } ! ] Il
T i T ¥ T i i

Water Depth (feet bgs)

7+ Installed 4/28/99

¢
L 4
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GA-4A

Date
6/4/99 - 6/9/99 6/14/99 6/19/99 6/24/99 6/29/99 714199
199 t t $ t t

T T

199.2 +

T

199.4 ﬁ
199.6 1 Instailed 6/5/99
199.8 +

200 +

12002

Water Depth (feet bgs)

2004 +

200.6 -

T

200.8

201
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GA-5A
Date
5/5199 5/15/99 5/25/99 6/4/99 6/14/99 6/24/99 7/4/99
0 + t t t t
10 +
20 +
m
[o)]
0
© 30+
o
£ Drilling GA-4 up
& slope to west -
e 40 ¢ Circulation loss
% while drilling
=
50 Tinstatled 5/10/99 WSDOT transducer installed
*..'g °
60 | —*
70
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GA-6A
Date

4/30/99 5/10/99 5/20/99 5/30/99 6/9/99 6/19/99 6/29/99 7/9/99
0 u } y + t }

10 +

Installed 5/1/99

Water Depth (feet bgs)

25 1

30 4

35
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GA-7
Date

5/10/99 5/20/89 5/30/98 6/9/99 6/19/99 6/29/99 7/9/99
0 t } } } t

Installed 5/12/99

Water Depth (feet bgs)
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GA-8A
Date
5/10/99 5/20/99 5/30/99 6/9/99 6/19/99 6/29/99 7/9/99

103 : : . ' ' 1

U T 1

Installed 5/12/99
104 +

105 +

106 +

107 +

108 +

Water Depth (feet bgs)

109 +

110 §

111
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GA-9A

Date
4/30/99 5/10/99 5/20/99 5/30/99 6/9/99 6/19/99 6/29/99 7/9/99
0 t : : : - + '

T

Installed 5/5/99

15 4

Water Depth (feet bgs)

20 +

25
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GA-10A

Date
5/15/99 5/20/99 5/25/99 5/30/99 6/4/99 6/9/99 6/14/99 6/19/99 6/24/99 6/29/99 7/4/99
48 t t + -+ f + t t }

T 1 T

Installed 5/17/99

48.5 +

495 ¢+

Water Depth (feet bgs)

50 1

50.5 +

51
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GA-11A

Date

5/10/99 5/20/99 5/30/99 6/9/99 6/19/99 6/29/99 7/9/99
30.1 t t ; } f

v

installed 5/15/99

30.3 +

30.5 +

30.7 +

Water Depth (feet bgs)

30.9 +

311 ¢+

313
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H-1-99
. Date
3/31/99 4/10/99 4/20/99 4/30/99 5/10/99 5/20/99 5/30/99 6/9/99 6/19/99 6/29/99 7/9/99
0 t t t t t t t +— t
54
10 +
Installed
4/7/99

15 +

ducer Installed by WSDOT

25 +

Water Depth (feet bgs)
N
o

30 +

40
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8/25/%9 Table 4 993-1467.500
326 Landslide
Slug Test Results
Water Level Hydraulic Hydraulic Hydraulic Hydraulic
Well ID Screened Unit 6/8/99 Sand Pack Test# | Test Type Solution Conductivity | Conductivity | Conductivity | Conductivity
(ftbgs) (5) (F/day) (ez/s) (ms)
IGA-2A  |GLACIOFLUVIAL 29.38 55-72 ftbgs 2 |rising head [Unconfined - Hvorslev 3.36E-05 4.83E-02 1.02E-03 1.02E-0
LANDSLIDE DEBRIS 17 ft Unconfined - Bouwer-Rice 3.11E-05 4.47E-02 9.46E-04 9.46E-06|
med. SAND to fine sandy (lower 2 ft in clay) : . i
SILT with occasional
1 cm thick CLAYEY SILT
interbeds
IGA-5A  IGLACIOFLUVIAL 56.75 101 - 115 ft bgs 1  |rising head |Unconfined - Hvorslev 1.99E-05 2.87E-02 6.07E-04 6.07E-06
LANDSLIDE DEBRIS 14 ft Unconfined - Bouwer-Rice 1.98E-05 2.85E-02 6.03E-04 6.03E-06|
silty fine SAND, trace 2 [rsinghead |Unconfined - Hvorslev 4.29E-05 6.18E-02 1.31E-03 1.31E-0!
coarse sand Unconfined - Bouwer-Rice 4.27E-05 6.14E-02 1.30E-03 1.30E-05
IGA-6A  |GLACIOFLUVIAL 2940 38 - 52 ftbgs 1  [rising head |Unconfined - Hvorslev 2.79E-05 4.02E-02 8.50E-04 8.50E-06|
LANDSLIDE DEBRIS 14 ft Unconfined - Bouwer-Rice 2.35E05 3.39E-02 7.17E-04 7.17E-06
silty fine SAND, trace 2 [rising head |Unconfined - Hvorslev 246E-05 3.HE-02 749E-04 749E-06
fine to coarse gravel, Unconfined - Bouwer-Rice 207E-05 2.98E-02 6.32E-04 6.32E-06
trace cobbles
IGA-11A  |GLACIOFLUVIAL 29.38 31.5-52 ftbgs 1 |rising head |Unconfined - Hvorslev 141E05 2.04E-02 4.31E-04 4.31E-06
LANDSLIDE DEBRIS 20.5 ft Unconfined - Bouwer-Rice 1.11E-05 1.59E-02 3.37E-04 3.37E-06
silty fine to med. SAND, 2 jrising head |Unconfined - Hvorslev 1.33E-05 1.92E-02 4.06E-04 4.06E-06
some gravel to Unconfined - Bouwer-Rice 1.04E-05 1.50E-02 3.17E-04 3.17E-06
very fine sandy SILT
min 1.04E-05 1.50E-02 3.17E-04 3.17E-06
max 4.29E-05 6.18E-02 1.31E-03 1.31E-05
average 2.26B-05 325E-02 6.88E-04 6.88E-06

0825table4. XLSTable 1



Table 5 - Summary of XSTABLE Results

Section B-B' Initiation Black]
At failure 36 25 Toe: 10' above 8/99, 20' above at headscarp 0.99 BBF1
Summer 1999 36 25 Based on 8/99 data 1.14 BBN1
Summer 1999 During Earthquake 36 25 Based on 8/99 data Ay=.05¢g BBN1S
Fully Effective Drains 36 25 Lower about 10" at toe, 20 at headscarp from 8/99 1.24 BBD1
Fully Effective Drains, Seismic 36 25 Lower about 10' at toe, 20 at headscarp from 8/99 Ay=.075g| BBD1S
Section B-B' Entire Block
At failure 36 25 Toe: 10" above 8/99, 20' above at headscarp 1.05 BBF1
Summer 1999 36 25 Based on 8/99 data 1.16 BBN
Fully Effective Drains 36 25 Lower about 10' at toe, 20 at headscarp from 8/99 1.3 BBD
Fully Effective Drains, Seismic 36 25 Lower about 10' at toe, 20 at headscarp from 8/99 Ay=.105¢g BBDS
Section B-B' Buttress, Initiation Block :
No buttress, elevated watertable 36 25 Assumed 5 ft above 8/99 data 1.05 BBEL
With 15' High MSE Toe Buttress 36 25 Assumed 5 ft above 8/99 data 1.28 BB1BUT
Section B-B' Buttress, Entire Block
No buttress, elevated watertable 36 25 Assumed 5 ft above 8/99 data at toe, 10' at scarp 1.1 BBE
With 15' High MSE Toe Buttress 36 25 Assumed 5 ft above 8/99 data at toe, 10' at scarp 1.115 BBUT
At failure 36 36 Assumed at about the mid depth of the slide mass 1.03 DDF
Summer 1999 36 36 At about 10 feet above the failure plane 1.12 DDN
NOTES:

1. See Appendix E for XSTABLE plots.
Section B-'B' runs used a block search routine

2.

3. Section D-D' used a specific define failure plane routine.

4. For the seismic cases, Ay was calculated. Ay is the applied horizontal acceleration
that reduces the FS to about 1.0. The ratio of Ay to the peak ground acceleration
and earthquake magnitude can be related to the slope movement.
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EXPLANATION
4
Qls LANDSLIDE DEBRIS: Compact to dense, light olive brown to light olive gray, x
nonstratified to thickly bedded, fractured, sandy GRAVEL ranging to gravelly sand
with a trace to little silt; grades downward generally to fine to medium sand trace to
little silt and clayey silt ranging to silty clay. f
E
Qols OLDER LANDSLIDE DEBRIS: Compact to dense, brownish orange, nonstratified, XLK
mottled, gravelly SAND little silt, contains angular blocks of dense, laminated silty fine EXPLANATION
SAND, FeOx staining common.
Qgf GLACIOFLUVIAL DEPOSIT: Compact to very dense, light olive brown to light olive B ——-——p' LOCATION OF GEOLOGIC CROSS SECTION e
gray, thickly interbedded fine to coarse subrounded to rounded GRAVEL little to some o SEEPAGE :
fine to coarse sand, trace to little silt: and fine to coarse SAND trace to some silt, little wmmxgm?h::m X
to some subrounded to rounded fine to coarse gravel; occasional interbeds of fine to A ),/4 CULVERT obtained at exploration locations only. The
medium SAND ranging to sandy SILT; minor interbeds of SILTY CLAY ranging to : // e interpretation between thes= locations has been
CLAYEY SILT; some interbeds containing till-like fabric observed in GA-4; FeOx inferred from geologic evidence and so may
Qgl/Qgfd GLACIOLACUSTRINE DEPOSITS AND GLACIOFLUVIAL DRIFT: Very dense and : * RIS - E— GEOLOGIC CONTACT:
hard, light olive gray to light olive brown, laminated to massive, jointed, SILTY CLAY 0 100 200 FEET ~~p»  DASHED WHER APPROXIMATELY LOCATED,
ranging to CLAYEY SILT, trace sand, trace rounded gravel to cobble sized QUERIED WHERE UNGERTAIN
dropstones; and fine to coarse SAND, little to some subangular to rounded fine to 2
coarse gravel, little to some clayey silt. FIGURE
SITE PLAN SHOWING
LIMITS OF LANDSLIDE MASS
WSDOT/MP 326/WA
Golder Associates
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EXPLANATION

Hf  Flood plain alluvium: mostly sand and gravel except |,
for fine-grained sediment in deltas and filled oxbow |,
lakes b

Hl  Young landslides: mostly less than 50 years old

QI  Old landslides: age range from deglaciation of the
area to about 50 years old

/’/éf;,z Vrd Deltas-alluvial fans of recessional outwash; in part
S young alluvial fans: sand and gravel

Vi Ice-contact stratified drift in kame terraces, eskers,
kames and kettles: mostly sand and gravel but

Vat Ablation till: mostly sand and gravel, (only mapped | -
where known to be greater than 1.5 m thick

ST ed'”gl” Vit Lodgement Till, compact boulders and clay /l/:
~ v“' (generally overlain by the 0.5-1.0 m ablation till.) |/
Vao Advance outwash: mostly sand and gravel; locally e
contains fine-grained sediment .
Fo Drift deposited by Olympic alpine glaciers: mostly [ A
_ lodgement till and recessional outwash, but partly ”
: T s> advance outwash and ablation | A
/ I8 Ps Salmon Springs (?) drift: mostly till and outwash |
Z2 N deposited by the Puget Lobe and Olympic alpine 7‘}/
/}q_f‘g glaciers; partly nonglacial (mostly oxidized) g ﬁ
VAN ' f \I[G’?\TT// g /;/// ,‘o/’} N (/ry \ [ '\\X I 1'
From: Carson, R.J., 1976, Geologic Map of North Central Mason County, Washington
FIGURE 3
REGIONAL GEOLOGIC MAP (CARSON, 1976
WSDOT/MP326/W.

PROJECT NO. 993 1467.500 DRAWING NO. 85094 DATE 8/25/99 DRAWNBY EA

Golder Associates
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Aerial view of southern end of MP326 Landslide. View to the west.

FIGURE D
SITE PHOTOGRAPH SHOWING

AERIAL VIEW OF MP326 LANDSLIDE
WSDOT/MP326/WA

PROJECT NO. 993 1467.500 DRAWING NO. 85090 DATE 8/24/99 DRAWN BY EA
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A
NORTHWEST

GA-8/8A

ELEVATION (FT)

1.5' HIGH SCARP ACROSS ACCESS ROAD

8' HIGH SCARP ACROSS ACCESS ROAD

ACCESS ROAD

0_|
: Qis
50 _|
Qgf
Qgt
le
Qgfd

EXPLANATION

LANDSLIDE DEPOSIT: Compact to dense, light olive brown to light olive gray, nonstratified to thickly bedded,
fractured, sandy GRAVEL ranging to gravelly sand with a trace to little silt; grades downward generally to fine to
medium sand trace to Iittle silt and clayey silt ranging to silty clay.

(gf) indicates derived from Glaciofiuvial Deposit

(gl) indicates derived from Glaciolacustrine Deposit

(trans.) indicates derived from Transitional Beds

GLACIOFLUVIAL DEPOSIT: Compact to very dense, light olive brown to light olive gray, thickly interbedded
fine to coarse subrounded to rounded GRAVEL litle to some fine to coarse sand, trace to litle silt; and fine to
coarse SAND trace to some silt, little to some subrounded to rounded fine to coarse gravel; occasional
interbeds of fine to medium SAND ranging to sandy SILT; minor interbeds of SILTY CLAY ranging to CLAYEY
SILT; some interbeds contalning tilldike fabric observed in GA4; FeOx staining common.

TRANSITIONAL BEDS: Compact to very dense, light olive gray to light olive brown, interbedded to laminated,

-fine to medium sand, trace to some slit ranging to silt, some sand, FeOx staining common.

GLACIOLACUSTRINE DEPOSIT: Hard, light olive gray to light olive brown, laminated to massive, jointed,
SILTY CLAY ranging to CLAYEY SILT, trace sand, frace rounded gravel to cobble sized dropstones. .

GLACIOFLUVIAL DRIFT: Very dense light olive gray to light olive brown fine to coarse SAND, litle to some
subangular to rounded fine to coarse gravel, fittle to some clayey silt.

SPECIAL NOTE:

Data conceming the various strata have been

Al

obtained at exploration locations only. The
interpretation between thess locations has been
inferred from geological evidenca and so may

vary from that shown.

WSDOT
H-1-99/H-2-99

BASED ON INCLINOMETER
DATA

BOREHOLE LEGEND

BORING DESIGNATION

GA-8/BA
I GROUNDWATER
O 571 7/99—  LEVEL WITH DATE
N-VALUES \5‘?: o STRATIGRAPHIC CONTACT,
—~ ——— " DASHED WHERE APPROXIMATE
o4 L0 PIEZOMETER
MONITORING
INTERVAL
TD=226 FT
T TOTAL BORING DEPTH

GA-9/9A

SOUTHEAST
250
200
; 150
U.S. 101 i
| 100
I £
GA-12 - >
. e)
7
HOOD CANAL —% =
\ F :
Qgfd \ i
TD=258FT L0
LOWER LIMIT OF POSSIBLE SMALL |
SCALE MOVEMENT BASED ON
INCLINOMETER DATA (7/8/99) L
' :
[ 0
0 15 30 METERS 1
el T,
0 50 100 FEET
FIGURE 6‘
GEOLOGIC CROSS-SECTION A-A"
WSDOT/MP 326/WA
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B
ORTHWEST

14' HIGH SCARP

Bl

EXPLAATI A SOUTHEAST
Qis LANDSLIDE DEPOSIT: Compact to dense, light olive brown to light ofive gray, nonstratified to thickly bedded, 350
fractured, sandy GRAVEL ranging to gravelly sand with a trace to little sil; grades downward generally to fine ‘j
medium sand frace to little silt and clayey silt ranging to silty clay.
(gf) indicates derived from Giaclofluvial Deposit L
(g!) indicates derived from Glaciolacustrine Deposit |
(trans.) indicates derived from Transitional Beds i
Qgf GLACIOFLUVIAL DEPOSIT: Compact to very dense, light olive brown to light olive gray, thickly interbedded 300
fine to coarse subrounded to rounded GRAVEL little to some fine to coarse sand, trace to little silt; and fine to =
coarse SAND trace to some silt, little to some subrounded to rounded fine to coarse gravel; occasional L
interbeds of fine to medium SAND ranging to sandy SILT; minor interbeds of SILTY CLAY ranging to CLAYEY i
SILT, some interbeds containing till-ike fabric obsarved in GA~4; FeQx staining common,
Qgt TRANSITIONAL BEDS: Compact to very dense, light olive gray fo light olive brown, interbedded to laminated, |
fina to medium sand, traca to some siit ranging to siit, some sand, FeOx staining common, o
Qgl GLACIOLACUSTRINE DEPQOSIT: Hard, light olive gray to light olive brown, laminated to massive, jointed, 3
SILTY CLAY ranging to CLAYEY SILT, trace sand, frace rounded gravel to cobble sized dropstones.
Qgfd  GLACIOFLUVIAL DRIFT: Very dense light olive gray to light olive brown fine to coarse SAND, little to some i
subangular to rounded fine to coarse gravel, little to some clayey siit. L E
8
| 200
:
g [}
| 150
GA-6/6A -
S U.S. 101 I
GA-TITA 100
(projected i
ss'to >
NE) -
| 50
LOWERLIMIT OF POSSIBLE ~ ~ — :
SMALL SCALE MOVEMENT BASED -
ON B AXIS INCLINOMETER DATA TD=718FT
(7/8/99) -
LOWER LIMIT OF POSSIBLE L0
SPECIAL NOTE: c
Data conceming the various strata have been .
Mmmmoﬂy.mm 0 15 30 METERS L -50
Interpretation between these locations has
inferred from geological evidence and so may 0 S0 100 FEET
vary from that shown, FIGURE 7
GEOLOGIC CROSS-SECTION B-B"
WSDOT/MP 326/WA

D_HOLMERJKACADNSDSKPROJO831467\500\83704. chwg[8-26-00 10:33x{k:-
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NORTHWEST
250
1 GA-11A
200;

GA-2/2A

8
E 1
a 26
38
@ 2
34 ]
- ! 25

6/15/99 231

>501

m,
sl
- - T.D.102FT

Qls

Qgf

Qgt

Qgl

EXPLANATION

1 ANDSLIDE DEPOSIT: Compact to dense, light olive brown to light olive gray, nonstratified to thickly bedded,

fractured, sandy GRAVEL ranging to gravelly sand with a trace to little silt; grades downward generally to fine to
medium sand trace to little siit and clayey silt ranging to silty clay.

(gf) indicates derived from Glaciofluvial Deposit

(g!) indicates derived from Glaciolacustrine Deposit

(trans.) indicates derived from Transitional Beds

GLACIOFLUVIAL DEPOSIT: Compact to very denss, light olive brown to light olive gray, thickly interbedded
fine to coarse subrounded to rounded GRAVEL little to some fine to coarse sand, trace to little silt; and fine to
coarse SAND trace to some silt, little to some subrounded to rounded fine to coarse gravel; occasional
interbeds of fine to medium SAND ranging to sandy SILT; minor interbeds of SILTY CLAY ranging to CLAYEY
SILT; some interbeds containing tilldike fabric observed in GA-4; FeOx staining common.

TRANSITIONAL BEDS: Compact to very dense, light olive gray to light olive brown, interbedded to laminated,
fine to medium sand, trace to some silt ranging to silt, some sand, FeOx staining common.

GLACIOLACUSTRINE DEPOSIT: Hard, light olive gray to light olive brown, laminated to massive, jointed,
SILTY CLAY ranging to CLAYEY SILT, trace sand, trace rounded gravel to cobble sized dropstones.

GLACIOFLUVIAL DRIFT: Very dense light olive gray to light olive brown fine to coarse SAND, little to some
subangular to rounded fine to coarse gravel, little to some clayey silt.

ontas_-

(03 ,

__ 250
[; 200
15' HIGH SCARP i
LOWER LIMIT OF POSSIBLE SMALL SCALE B
MOVEMENT BASED ON INCLINOMETER DATA 150 £
(5/3/99 - 6/15/99) T
. g
©]
2
GA-3I3A 3
= w
LOWER LIMITS OF MOVEMENT 100
BASED ON INCLINOMETER DATA —
(5/3/99 - 6/15/99) -
Qgt and Qgfd EXPOSED IN |
_Qls(Trans.) CSTSLOP?E B
u.S. 101 t S0
>50 ' L
>50
>, - [
TD.515FT
HOOD CANAL B
\ "
SPECIAL NOTE:
Data concemning the various strata have been
obtained at exploration locations only. The ' -
interpretation between these locations has been
inferred from geological evidence and so may
vary from that shown. .
0 15 30 METERS
el T
BOREHOLE LEGEND 0 50 100 FEET
BORING DESIGNATION
GA-8/8A

‘ GROUNDWATER
Qs 517/9— LEVEL WITH DATE

N-VALUES ~_ sas{ ¥ STRATIGRAPHIC CONTACT,
81 — " DASHED WHERE APPROXIMATE
64100t PIEZOMETER
MONITORING
INTERVAL
TD=226 FT

T TOTAL BORING DEPTH

FIGURE O
GEOLOGIC CROSS-SECTION C-C'

US 101 MP 326
WSDOT/MP 326/WA
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' EXPLANATION .
q O R T H W E S T Qls LANDSLIDE DEPOSIT: Compact to dense, light olive brown to light olive gray, nonstratified to thickly bedded, S O U T H E A S T
fractured, sandy GRAVEL ranging to gravelly sand with a trace to little siit; grades downward generally to fine to 350
350 medium sand trace to little silt and clayey silt ranging to silty clay. —
B (gf) indicates derived from Glaclofluvial Deposit L
) (g!) Indicates derived from Glaciolacustrine Deposit
. (trans.) indicates derived from Transitional Beds =
i Qgf GLACIOFLUVIAL DEPOSIT: Compact to very dense, light olive brown to light olive gray, thickly interbedded i
] fine fo coarse subrounded to rounded GRAVEL little to some fine to coarse sand, trace to little silt; and fine to B
300 _| coarse SAND trace to some silt, little to some subrounded to rounded fine to coarse gravel; occasional - L300
interbeds of fine to medium SAND ranging to sandy SILT; minor interbeds of SILTY CLAY ranging to CLAYEY
- SILT; some Interbeds containing till-ike fabric observed in GA-4; FeOx stalning cornmon. ‘ A r
] Qgt TRANSITIONAL BEDS: Compact to very dense, light olive gray to light olive brown, interbedded to laminated, i
- Qols? fine to medium sand, trace to some silt ranging to siit, some sand, FeOx staining common. 2
250 | \ gﬁGEXH 'SociER?, IN Qg  GLACIOLACUSTRINE DEPOSIT: Hard, light olive gray to light olive brown, laminated to massive, jointed, | aso
— 5 ' SILTY CLAY ranging to CLAYEY SILT, trace sand, trace rounded grave! to cobble sized dropstones. ’ —
i Qgfd GLACIOFLUVIAL DRIFT: Very dense light olive gray to light olive brown fine to coarse SAND, lite to some i
. subangular to rounded fine to coarse gravel|, littie to some clayey silt. B
- GA-10/10A -
200 _| | 200
LA S
z
5 - &
Q 4 LOWER LIMIT OF POSSIBLE SMALL SCALE - tE
& Qgf . "] GA-11/11A MOVEMENT BASED ON INCLINOMETER DATA e
= ] 2 Qis(gh) (6/15/99 - 7/8/99) - =
150 _| ‘ \ o L 150
: — — \E\: Qis(Trans.) ]
8/15/99 J . SLASH PILE
i agt L"“g ¢ / L
214~ ‘
—4 - I SRR -
ol
- a4 " by L
100 _| 2 BASED ON INCLINOMETER DATA | 100
CONTACT PROJECTED FROM gl ¢ - (6/18/99 - 7/8/99)
i GA-8/8A ON SECTION E-F' -2 Qgfd " L
_ TD.=98FT o ]
i ; = gl EXISTING RESIDENCIAL STRUCTURES U.S. 101 L
>50 -2
50 _| >80 LOWER LIMIT OF POSSIBLE SMALL SCALE | 50
) TD=T7T44FT MOVEMENT BASED ON B-AXIS INCLINOMETER DATA : HOOD CANAL
i (6/15/99 - 7/8/99) \ L
i BOREHOLE LEGEND i
0 BORING DESIGNATION ' L0
GA-8/8A i
I - GROUNDWATER |
G 5/17/99 LEVEL WITH DATE 3 S
N-VALUES — s ¥ STRATIGRAPHIC CONTACT, 0 15 0 METER
B R SobROATE SPECIAL NOTE: A — 1
LR g PIEZOMETER Data conceming the varlous strata have been 0 50 100 FEET
MONITORING obtained at exploration locations only. The
=267 TN interpretation betwean these locations has been
TOTAL BORING DEPTH . Inferred from geological evidence and so may FIGURE
vary from that shown.

- GEOLOGIC CROSS-SECTION D-

US 101 MP 3.
WSDOT/MP 3261\

IRIKACAD\SDSKPROJNDE31487\500\33708. dwg|8-25-80 14:04c-|E-

Golder Associatq



E BEND IN SECTION =

SOUTH GA-4/4A NORTH
350 _ | — 350
300 _ 300
1 80.9'
B.O.H. @ 112
250 | __ 250
GA-1/1A ol b Ll |
1 GA-10/10A A
200 _| 200
E = —— P E
_/"_‘—/l 1l
: 21 - §
k ] 2 2
- 2l -
Wo4s0 | ol o1 e s i |l et | — i ek 1
d af o : _
- 80, b i et M R i e - |
= "m . = 1T .-".""—_-‘-._ e —— |
6/15/99 ~ ES7 ==l S
: el Bl S — i
100 _ 2% SRR __ 100
- ,w ._'._ e T
>50 == =
= 50 - o I~
m.
1 B4 e e S e EXPLANATION
] >80 : ? i
50 | *501 Qgfd Qls LANDSLIDE DEPOSIT: Compact to dense, light olive brown to light olive gray, nonstratified to thickly bedded, 50
fractured, sandy GRAVEL ranging to gravelly sand with a trace {o little silt; grades downward generally to fine to
k T.D. 144 FT medium sand trace to litle silt and clayey silt ranging to silty clay. i
i (gf) Indicates derived from Glaciofluvial Deposit !
(gl) indicates derived from Glaciolacustrine Deposit
1 (trans.) indicates derived from Transitional Beds i
0 : Qgf GLACIOFLUVIAL DEPOSIT: Compact to very dense, light olive brown to light olive gray, thickly interbedded I 0
= fine to coarse subrounded to rounded GRAVEL littie to some fine to coarse sand, trace to little silt; and fine to =
coarse SAND trace to some silt, little to some subrounded to rounded fine to coarse gravel; occasional
interbeds of fine to medium SAND ranging to sandy SILT; minor interbeds of SILTY CLAY ranging to CLAYEY
SILT; some interbeds contalining till-ike fabric observed in GA-4; FeOx staining common.
Qgt  TRANSITIONAL BEDS: Compact to very denss, light ollve gray to light olive brown, Interbedded to laminated, 0 15 30 METERS
fine to medium sand, trace to some silt ranging to silt, some sand, FeOx staining common. [ —
0 50 100 FEET
Qgl  GLACIOLACUSTRINE DEPOSIT: Hard, light olive gray to light olive brown, laminated to massive, jointed, SPECIAL NOTE:
SILTY CLAY ranging to CLAYEY SILT, trace sand, trace rounded gravel to cobble sized dropstones. Data conceming the various strata have been
obtained at exploration locations only. The —— |
Qgfd  GLACIOFLUVIAL DRIFT: Very dense light olive gray to light olive brown fine to coarse SAND, littie to some interpretation between these locations has been L
subangular to rounded fine to coarse gravel, littie to some clayey silt. inferred from geological evidence and so may GEOLOGIC CROSS-SECTION E-E
IR ERINES US 101 MP 326
WSDOT/MP 326/WA
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APPROXIMATE LIMITS OF LANDSLIDE

SPECIAL NOTE:

Data concerning the location of the elevation of
the various stratigraphic horizons have been
obtained at exploration locations only. The
interpretation between these locations has been
inferred from geologic evidence and so may
vary from that shown.

NOTE:

Elevation of bottom of landslide is based on
observed geologic evidence from borings.
Inclinometer data was not used due to the very
limited measurements collected at the time of

preparation of this figure.

// g
0 30 60 METERS
T
0 100 200 FEET

—

gCA-6/6A

o[50]

EXPLANATION

B—7mo-— B' LOCATION OF GEOLOGIC CROSS SECTION

—50== == ELEVATION CONTOUR AT BASE OF LANDSLIDE (FEET MSL)

EXPLORATORY BORING LOCATION ("A" DENOTES PIEZOMETER
INSTALLED IN ADDITION TO INCLINOMETER)

ELEVATION OF STRATIGRAPHIC HORIZON AT LOCATION SHOWN

rcure 11

ELEVATION OF BOTTOM OF LANDSLIDE
WSDOT/MP 326/WA
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e APPROXIMATE LIMITS OF LANDSLIDE o # -Z- % %
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%
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EXPLANATION >‘<=:
& B —— - — pB' LOCATION OF GEOLOGIC CROSS SECTION
X%
SPECIAL NOTE: X
Data concemning the location of the elevation of / _ 50— — ELEivO%“osnt F%%r;rgg‘_li AT BASE OF GLACIOFLUVIAL
the various stratigraphic horizons have been
obtained at exploration locations only. The 1
interpretation between these locations has been //
inferred from geologic evidence and so may GA-6/6A  EXPLORATORY BORING LOCATION ("A" DENOTES PIEZOMETER
vary from that shown. ® INSTALLED IN ADDITION TO INCLINOMETER)
0 30 60 METERS
0 1 200 FEET ol50] ELEVATION OF STRATIGRAPHIC HORIZON AT LOCATION SHOWN
FIGURE 1 2
ELEVATION OF BASE OF
GLACIOFLUVIAL DEPOSITS
(TOP OF TRANSITIONAL BEDS)
WSDOT/MP 326/WA
Golder Associates
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EXPLANATION %"i
# B —— - —__B' LOCATION OF GEOLOGIC CROSS SECTION
¢
SPECIAL NOTE: AN |
Data conceming the location of the elevation of / _ —50— — ELEVATION CONTOUR AT TOP OF GLACIOLACUSTRINE
the various stratigraphic horizons have been DEPOSITS (FEET MSL)
obtained at exploration locations only. The P
interpretation between these locations has bee
inferred from geologic evidence and so r::y ! // GA-6/6A  EXPLORATORY BORING LOCATION ("A" DENOTES PIEZOMETER
vary from that shown. 8 INSTALLED IN ADDITION TO INCLINOMETER)

0 30 60 METERS

2 e 2 FEEN .[501 ELEVATION OF STRATIGRAPHIC HORIZON AT LOCATION SHOWN

FIGURE 1 3

ELEVATION OF TOP OF
GLACIOLACUSTRINE DEPOSITS

(BOTTOM OF TRANSITIONAL BEDS)
WSDOT/MP 326/WA

Golder Associates
D_HOLMER|K:\CAD\SDSKPROJ\9931467\500\83710.dwg|8-25-99 14:26|x:xbase2,mp326]i:-



Drill on Boring GA-7. Cut face exposes glaciolacustrine deposits (Qgl) overlying
older Pre-Vashon drift (Qpv). Note the undulatory nature of the glaciolacustrine
deposits where slide plane daylights along the top of the road cut.

reure 14
SITE PHOTOGRAPH SHOWING CUT FACE

ADJACENT TO BORING GA-7 AND US 101
WSDOT/MP326/WA

PROJECT NO. 993 1467.500 DRAWING NO. 85091 DATE 8/24/99 DRAWN BY EA Golder Associates
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View to the north of pavement bulging and deformation along shoulder of US 101, where slide
plane is at or slightly below the road grade.

FIGURE 15
SITE PHOTOGRAPH SHOWING DEFORMED

PAVEMENT ALONG SHOULDER OF US 101
WSDOT/MP326/WA

PROJECT NO. 993 1467.500 DRAWING NO. 85092 DATE 8/24/99 DRAWN BY EA Golder Associates







Groundwater flow along contact between glaciolacustrine deposits
and granular landslide debris in toe area of MP326 Landslide.

FIGURE 1 7

SITE PHOTOGRAPH SHOWING GROUNDWATER FLOW
AT TOP OF GLACIOLACUSTRINE DEPOSITS (BASE OF
LANDSLIDE DEBRIS) IN TOE AREA OF MP326 LANDSLIDE

WSDOT/MP326/WA

PROJECT NO. 993 1467.500 DRAWING NO. 85093

DATE 8/24/99 DRAWN BY EA

Golder Associates
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%ﬁ EXPLANATION
SPECIAL NOTE: 1’%
w coﬂonzming the Iggaﬁon of the h:iav;:gnn of / B ——-— B' LOCATION OF GEOLOGIC CROSS SECTION
val stratlgmp horizons have
obtained at exploration locations only. The A
interpretation between these locations has been //
h'\farrf!:gm frc:;t geologic evidence and so may L R = WATER LEVEL ELEVATION CONTOUR (FEET MSL)
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mﬁr hvgrfm 'ﬁ'l 3?9“ contour map were : 8 INSTALLED IN ADDITION TO INCLINOMETER)
\\ ;
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T el R N ' '

SLOPE

|_._>|_‘ 25FT (TYP.)

DRAIN COLLARS —~=——— DRAIN ACCESS ROAD

A. LINEAR DRAIN LAYOUT

p——r— 25FT (TYP.)

SLOPE

PRIMARY RADIAL ARRAY \ / PRIMARY RADIAL ARRAY

___ SECONDARY / ,
DRAIN COLLAR (TYP.) SUPPLEMENTAL : ~=——— DRAIN ACCESS ROAD

ARRAY

B. RADIAL DRAIN ARRAY LAYOUT

FIGURE 20

CONCEPTUAL DRAIN LAYOUTS
WSDOT/MP 326/WA
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AREAS OF TROUGHS AND RIDGES IN

M.%X

N

DRAINS 40 FT. SPACING

TOP OF GLACIOLACUSTRINE DEPOSITS
(REPORT SECTION 4.5, FIGURES 11 AND 15)

EXPLANATION

B ——-——pB' LOCATION OF GEOLOGIC CROSS SECTION

DRAINS 40 FT. SPACING

LW

FIGURE 21

UPPER DRAIN COLLAR ZONE AND

AREA TO BE GRADED AND STABILIZED
Golder Associates

WSDOT/MP 326/WA

EXPLORATORY BORING LOCATION ("A" DENOTES PIEZOMETER

INSTALLED IN ADDITION TO INCLINOMETER)
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MSE WALL

u.s. 101

LIMIT OF EXCAVATION

A) TOE OF SLIDE AT ROAD - TYPICAL MSE BUTTRESS

0 10 20 METERS
— -
0:. 30 60 FEET

LIMIT OF EXCAVATION -

B) TOE OF SLIDE ABOVE ROAD

MSE WALL

u.s. 101

0 10 20 METERS
— e—

0 30 © 60 FEET

FIGURE 22

TYPICAL MSE WALL BUTTRESS
WSDOT/MP 326/WA
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PROJECT: WSDOT/ MP 326

PROJECT NUMBER: 993 1467.300

Landsiide/WA

RECORD OF BOREHOLE GA-1

BORING LOCATION: South line, upper hole

SHEET _1_OF _5
DATUM: MSL
BORING DATE: 4/30-5/4/99

a .
o SOIL PROFILE PENETRATION RESISTANCE
- SAMPLES BLOWS/FT PIEZOMETER
ol © 30 g0 4p  so CRAPHIC
i > % ELEV. o« BLOWS/6IN. E —
=2 DESCRIPTION o | 8 w N o= WATER CONTENTPERCENT WATER
& 5 e |z DEPTH :23 a [ 140 Ib.hammer 8 W LEVEL
ala 3|0 Z| £ | 30inchdrop @ Wp . wi
0 191.0
’_Compact, pinkish orange, nonstratified, fine to PVC Stickup 0.0 feet g
coarse SAND and fine to coarse subangular to A+A - slots @ N71°W
3 rounded GRAVEL, trace silt, moist (FILL) -
| 2.25inch -*E’» |
fnclinoreter 7]
Casing
)- ]
L - - _
L 1] ss 87-7 14 10.6/1 J [ |
Lime/ —
Compact, pinkish orange to light olive brown, Cé?;i?ﬂ 1
L nonstratified to crudely bedded, fine to coarse
SAND and fine to coarse subrounded to rounded 7
GRAVEL, trace silty clay, varies to sandy fine to
i coarse subrounded GRAVEL, little clayey silt, J
moist to wet (GLACIOFLUVIAL DEPOSIT)
10 -
1 2 | ss 6-10-11 21 [1.011.5 F ]
I I~ 1
o
@
| 3 4
©
Q
L @
£ -
2
3
- 15 e | ﬂ
[
5
< 3 | ss 11-14-11 25 1015 |
3 o E
£
v
o
5 o {
| T L ___________ ]
Dense to very dense, light olive brown, stratified,
tine to coarse SAND, little to some silt to clayey
[ silt, little to some fine to coarse subrounded to |
rounded gravel, contains interbeds of fine SAND,
L 20 little silt ranging to fine sandy SILT, occasional - I
open frameworks fine to coarse GRAVEL
interbeds observed in samples, moist to wet (may 4 SS 12-25-30 55 [0.71.5 _l
[ be minor perched water or drill fluids)
{ (GLACIOFLUVIAL DEPOSIT)
! |
2 — 1
] 5 | S8 10-24-31 55 [0.714 » :
- 4
b— 30 —
Log continued on next page

DRILLER:

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux

J. Salisbury/Hundahi

LOGGED: FSM/JDC

CHECKED:
DATE: 7/1/99




PROJECT. WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-1

BORING LOCATION: South line, upper hole

SHEET 2 OF _5_
DATUM: MSL
BORING DATE: 4/30-5/4/99

a
[e} SOIL PROFILE PENETRATION RESISTANCE
T SAMPLES [ | PIEZOMETER
- = BLOWS/FT.
w W 10 20 30 qd 50 GRAPHIC
w g % ELEV. @« BLOWS /B IN. E .
E CZ[ DESCRIPTION 8 % © § w b h N S WATER CONTENT,PERCENT WATER
] o R 2 a | 140 Ib. hammer b .____(w___1 LEVEL
o] o S | © 3| PEPTH 2| #| 30inchdrop o We Wi
30 ]
Dense to very dense, light olive brown, stratified, | SM-
fine to coarse SAND, little to some silt to clayey | Sw 6 | SS 8-18-28 46 (1.01.9 |
silt, little to some fine to coarse subrounded to ‘{
rounded gravel, contains interbeds of fine SAND, oI
little silt ranging to fine sandy SILT, occasional Ini'lizni'n"‘celer 4
open frameworks fine to coarse GRAVEL Casing
interbeds observed in samples, moist to wet (may
be minor perched water or driil fluids) E
(GLACIOFLUVIAL DEPOSIT)
35 | 5 .
_g
g 7 SS 5-13-22 35 0.5/1.8 B
& i
£
=z Lime/ —F
S @37.0 No groundwater in boring Cement
2 after ~4 hours Grout W
3 /
3 4
o /
£
& J
<
[}
w0 |5 -
T
8 SS 22-35-50/5" >50 11.3/1.5
SP/ 1
ML
45 —
9 S8 25-28-47 75 1.1/1.4 r ]
1
50 J
10 SS 25-27-22 49 111119 + ]
]
5
Q
£ b - — —  — — e — ] I ]
3 Compact, olive brown, nonstratitied, subrounded | GW-
'; to rounded fine o coarse GRAVEL, somefineto | GM
£ | coarse sand, littie clayey silt, moist 1
g (GLACIOFLUVIAL DEPOSIT)
55 | & -
I
1 SS 8-6-15 21 10.7/1.5 r 1
e 1
{Very dense, light olive brown to grayish brown,
nonstratified, fine to coarse SAND, little fine to |
y coarse, subangular to rounded gravel, trace sitt, +— —
60 damp to moist (GLACIOFLUVIAL DEPOSIT) sSwW
Log continued on next page

DRILL RIG: Burley 4500
DRILLING CONTRACTOR: Crux
DRILLER: J. SalisburyHundahl

LOGGED: FSMADC
CHECKED:
DATE: 7/1/99
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PROJECT: WSDOT/ MP 326 RECORD OF BOREHOLE GA-1 ~ SHEET 2 OF.2.

Landslide/WA DATUM: MSL
BORING LOCATION: South line, upper hole
PROJECT NUMBER: 993 1467.300 BORING DATE: 4/30-5/4/99
[a
o SOIL PROFILE PENETRATION RESISTANCE
| E SAMPLES sLows/er I PIEZOMETER
G| 2 I T S R B Dt
w > % ELEV. o BLOWS /6 IN. E
’E é DESCRIPTION 8 g . lé ! o N (5_) r WATER CONTENTPERCENT WATER
o z = [ 0 Ib. hammer W —— wi LEVEL
81 = B GO DEPTH | 21 =1 50inch drop g0 % 40 e 80 100
60 ]
Very dense, light olive brown to grayish brown, SW
nonstratified, fine to coarse SAND, little fine to 2] $8 33-50/5 >50 10.6/09
coarse, subangular to rounded gravel, trace silt, T
damp tp moist (GLACIOFLUVIAL DEPOSIT) 225 theh —&F
Inc'ﬁnomelel
Casing
65 -]
13 SS 25-30-30 60 ]0.5/1.9
Lime/ -——-L/
Cement T
Grout
Compact to very dense, light olive gray to light f SV/ ] 5399 ]
olive brown or brownish crange, interbedded to ML ATD
laminated, fine SAND, trace to little silt, and SILT, 70.4'bgs 7
some fine sand, varies to silty fine SAND, iron BOHE@ 3.6
70 oxide staining observed, wet | ] v ]
(GLACIOFLUVIAL/GLACIOLACUSTRINE -
TRANSITIONAL DEPOSIT) 14 | ss| 18-30-5014° | >50 |1.114
=
@ p
a
«
a
n
= 4
k-
75| & AA
S 5/4/99 T
g 15 | ss 8-8-9 17 {190, [ | St ]
2 8OH@126.5
4
8 |
a
I
80 80.0" 1 to 2 inch thick fractures observed
infilled with silt —‘
16 | sS 4-7-11 18 [1.51.5 |
T T T e e e T o ] 7
Hard, light olive gray, nonstratified, SILT, moistto { ML
wet (GLACIOLACUSTRINE DEPOSIT)
s L ]
86.0-86.2" Very soft . 29.7
(Slide plana?) 17 | SS 15-27-50/5" | >50 [1.5/1.5 . t'so_as; T ]
nonstratified, silty fine to coarse SAND, some fine
subrounded gravel, varies to fine to coarse 4
subrounded GRAVEL, trace medium to coarse
%0 sand, moist to wef (GLACIOFLUVIAL DRIFT) 4
Log continued on next page
DRILL RIG: Burley 4500 LOGGED: FSM/UDC i
DRILLING CONTRACTOR: Crux CHECKED: ?A £
y=)- Golder
DRILLER: J. Salisbury/Hundahl DATE: 7/2/99




PROJECT. WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

South line, upper hole

RECORD OF BOREHOLE GA-1

BORING LOCATION:

SHEET 4 OF _5
DATUM: MSL
BORING DATE: 4/30-5/4/99

o
o PENETRATION RESISTANCE
I SOIL PROFILE SAMPLES sLows/rr B PIEZOMETER
51 & - : GRAPHIC
il B 0 0 2 3 4 50
gz ;_:> ELEV. o« BLOWS /6 IN. £
,:E Z DESCRIPTION n | & a w N < WATER CONTENT,PERCENT WATER
& & 3 =z 2 DEPTH 2| & | 1401 hammer Q W LEVEL
| & 5|03 Z| #| 30inchdrop 4 Wp wi
% -
Very dense, light gray to light olive brown, 18 | SS 50/4 >50 [0.1/0.3
nonstratified, silty fine to coarse SAND, some fine
subrounded gravel, varies to fine to coarse
subrounded GRAVEL, trace medium to coarse 225 inch—4]
sand, moist to wet (GLACIOFLUVIAL DRIFT) Ininometer
Casing
95
19 { S8 50/2 >50 {0.1/0.9 T—»
'
Lime/ —{
Cement
Grout
_____________ J._930 |
Hard, light gray, nonstratified, SILTY CLAY, trace 98.0
& coarse subrounded sand, trace fine rounded
] gravel (dropstones), moist
S | (GLACIOLACUSTRINE DEPOSIT)
100 2 poos
= 2 a
= 20 Ss 50/3 >50 -_,
5
g
]
<
o
£
w
© -~ — —
8 Very dense, light gray, nonstratified, silty fine to
I corse SAND, little fine subrounded grave!, moist
(GLACIOFLUVIAL DRIFT)
108 21 SS 50/5 50 (0.3/0.4
105.5-106 5 Boulder Sl Lot T
21A| € NA '
Hard, light oﬁa t:)—o!ive gra_y, nonstratified, /
CLAYEY SILT, moist (GLACIOLACUSTRINE Z
DEPOSIT)
110 y
.
i 22 | S8 29-48-50/2 >50 [1.2/1.2) ‘»
] I R AT
Hard, massive to laminated, jointed, SILTY CLAY | CL 135
to CLAY, contains thin (<1 cm) zones of hard
angular CLAY fragments {due to sampling) and
15 very thin {1-2 mm) polished, planar, faintly y,
slickensided surfaces oriented perpendicular to
° axis of sampler (GLACIOLACUSTRINE &=
<] DEPOSIT) s
(&
e ppen >4.5 tst A
T ] 23| 8s 14-31-50/5* >50 [1.5/1.9 | o
? j/, ) 23A| C NA 4/5
120 féj
Log continued on next page
DRILL RIG: Burley 4500 LOGGED: FSM/AJDC =
. . A E
DRILLING CONTRACTOR: Crux CHECKED: é; £ Gold.er
DATE: 7/1/99 Associates

DRILLER:

J. Salisbury/Hundahl|




PROJECT: WSDOT/MP 326

Landslide/WA

BORING LOCATION:

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-1

South line, upper hole

SHEET 5 OF 5
DATUM: MSL
BORING DATE: 4/30-5/4/99

Very dense, olive gray to tight grayish green,

=)
o] SOIL PROFILE PENETRATION RESISTANCE
| E SAMPLES sLowser B PIEZOMETER
W Lg 0 20 3 40 50 GRAPHIC
w o ‘:_E.’ oo BLOWS/6IN. E
w
£ Z DESCRIPTION o % @l N < WATER CONTENT,PERCENT WATER
a g g |z8 2| a | 140l hammer < LEVEL
[S) [ S5 193 Z| & 30inch drop [ wi
12 %
Hard, massive to laminated, jointed, SILTY CLAY
to CLAY, contains thin (<1 cm) zones of hard 23A1 C NA 1
angular CLAY fragments (due to sampling) and
very thin {1-2 mm) polished, planar, faintly
slickensided surfaces oriented perpendicular to 25 |, _
axis of sampler (GLACIOLACUSTRINE 24| S8 16-26-50 % D
DEPOSIT)
2.25inch -—g'
inclinometer
Casing ]
24A( C NA
25 SS 22-50/8 >50 .—» 1
Lime/ — b
25A| C NA Cém“
Very dense, olive gray to light grayish green, ' 7]
nonstratified, SILTY CLAY, some subangular to
rounded fine to coarse gravel, trace sand, varies 1
to fine to coarse SAND, little to some subangular L*
to rounded fine to coarse gravel, little to some 26 | SS 36-50/5 >50
clayey silt, trace boulders and cobbles T
throughout, damp to moist (GLACIOFLUVIAL
DRIFT) .
26A| C NA 1
<
o
S -
o
I
27 | sS 50/5 >50 | nd
8| cC NA W
Very dense, light olive brown, interbedd;, li;e 7]
to medium SAND, little silt, trace fine subrounded
gravel and fine SAND, trace to little silt, moist to T
wet (GLACIOFLUVIAL DRIFT) 20 | C NA

nonstratified, SILTY CLAY, some subangular to
rounded fine to coarse gravel, trace sand, varies
to fine to coarse SAND, little to some subangular
to rounded fine to coarse grave, little to some
clayey silt, trace boulders and cobbles
throughout, damp to moist (GLACIOFLUVIAL
DRIFT)

Total depth 144 ft bgs

Note: Inclinometer casing installed to ~144.0."
Top of casing at ground surface

A-axis bearing N71°W

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux

J. Salisbury/Hundahl

CHECKED:
DATE: 7/1/99

LOGGED: FSM/JDC




PROJECT: WSDOT/MP 326
’ Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-1A

BORING LOCATION: South line, upper hole

SHEET 1 OF 4_
DATUM: MSL
BORING DATE: 5/4-5/5/99

o]
[®] PENETRATION RESISTANCE
~ 2 SOIL PROFILE SAMPLES PlééoA’gEITCER
w w
LLJLJ 3 %): o BLOWS /6 IN. l: 10 ¥
’3_: F4 DESCRIPTION v | % 8 w < WATER CONTENTPERCENT WATER
& z Q P 8 % o | 140 Ib. hammer Q LEVEL
a @ > |02 z| £ 30 inch drop « Wpl
B [
Y Boring was speed drilied to install piezometer. PVC caéing stic
See log for GA-1 for detailed soil description /
]
Z
1]
]
]
Bentonite —fl/ J
- )
- 5 fg /// ]
[~
3 ]
£ 9
8 g
S ]
% ]
! < [
gl
g %
: /
2 4
| T
10 /// ]
/ 4
i
L]
”
2
2
Ve J
“
[~ 15 ‘4 n
)
i ]
L /]
o
”
10
1]
”
"
”
- o0 ; |
”
”
"
)
/]
/]
"
5 ”
é -inch —é
> 1.D. PVC
- o5 2 Riser. / —
2 7
5 "
g ”
| I
L /
"
g
k % Log continued on next page // ]

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux

DRILLER: J. Salisbury/Hundahi

LOGGED: JDC/FSM

Goldgr
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PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-1A SHEET .2 OF 2
Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: South line, upper hole BORING DATE: 5/4-5/5/99
N é SOIL PROFILE SAMPLES PENETR;&?;‘;FEE'ETAN?E PIEZOWETER
i : o | eev | o BLOWS /6 IN. 10 2P 9 %
|2 DESCRIPTION @ é @l N E WATER CONTENT,PERCENT WATER
L 30
S
T 7 2 _
10 -
s
Bentonite —2 4 1
35 / ? =
]
0
471
[~
1%
2178
( #
[
I 1A
1%
w0 A0 -
%
719
10
1%
101 -
1%
1 ]
1%
717
0T
1%
| 00
i g . ////
o oy
g 2158
8 s [
g / / 4
00
A2
/]
- 50 g a -1
22
| ? /4 4
i s
1%
10
1%
. r/; ]
gl
28
2
4 A
i A
217
- 60 : 104
Log continued on next page A
DRILL RIG: Burley 4500 LOGGED: JDC/FSM i‘
DRILLING CONTRACTOR: Crux CHECKED: é;f F Golder
DRILLER: J. Salisbury/Hundahl DATE: 7/2/99




' SHEET 3 OF 4
PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-1A -
Landslide/WA DATUM: MSL
1 : ine,
PROJECT NUMBER: 993 1467 300 BORING LOCATION: South line, upper hole BORING DATE: 5/4-5/5/99
o .
N ,CZE) SOIL PROFILE SAMPLES PENETR;\S;)V::;'ES%TANCE PIEZOMETER
m o . GRAPHIC
ol I o | Eev « BLOWS /6 IN. £ Y 2 %0 SN L
E LZE DESCRIPTION ) é @ § w N S WATER CONTENT,PERCENT WATER
508 2159 oeem | 3| F| ncnaey, 2] w wo | e
- 60 IQ
1.5-inch —
1.D. PVC /‘
Riser / ///
9
Bentonite —;/
0
114
- 65
- 70
I 71.0" Drill action suggests iner grained soils
| 75 5
o
o I
L 80
i 82.5": Color change in drill fluid from light
brown to gray
- 88 1 | ss 50/5 44
|- 90
Log continued on next page
DRILLRIG: Burley 4500 LOGGED: JOC/FSM i
DRILLING CONTRACTOR: Crux CHECKED: % E Golder
DRILLER: J. SalisburyMHundaht DATE: 7/2/99 Associates




PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-1A SHEET 4 OF 4

Landslide/WA DATUM: MSL
BORING LOCATION: South line, upper hole
PROJECT NUMBER: 993 1467.300 P BORING DATE: 5/4-5/5/99
[a]
o SOIL PROFILE SAMPLES PENETRATION HESI%TANCE PIEZOMETER
= E BLOWS/FT : GRAPHIC
T 10 20 3 40 50
u (:D [$) ELEV. o BLOWS /6 IN. E
=] 2 DESCRIPTION » é o N | g WATER CONTENTPERCENT WATER
8| g S1z8 DEPTH 2| 2| 140Ib.hammer 2 Wi W —w LEVEL
o @ R z| F 30 inch drop @ P
)
3
c
©
3
<
g
3
[&]
o
I
- 95 . "
95.0-96.0" Very hard drilling (cobble?)
95.0
Total depth 96.0 ft bgs 96.0
- 100 ]
- 105 -1
- 110 1
[~ 115 .
- 120 1
DRILL RIG: Burley 4500 LOGGED: JOC/FSM i
DRILLING CONTRACTOR: Crux CHECKED: é;f‘ £ Go]dﬂ

DRILLER: J. Salisbury/Hundahl DATE: 7/2/99




PROJECT: WSDOT/ MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-2  SHEET 1 OF. 4

DATUM: MSL

BORING LOCATION: South Line, Middle Hole BORING DATE: 4/28-4/29/99

DEPTH FEET

BORING METHOD

SOILPROFILE

PENETRATION RESISTANCE

SAMPLES sLows/Ft R ) PIEZOMETER

DESCRIPTION

I
© 20 g 4 g CRAPHIC
WATER CONTENTPERCENT WATER

140 Ib. hammer
Wp,____AN_—, wi LEVEL

DEPTH 30 inch drop | \

ELEV. BLOWS/6IN.

LOG
REC/ATT

uscs
GRAPHIC
NUMBER

TYPE

<o

20

25

30

HWT Casing Advancer - Spade Bit

137.2 |

Loose to compact, light olive brown, stratified,
fine to coarse, subrounded to rounded GRAVEL,
trace sand, trace silt, ranging to fine to coarse
SAND, little rounded fine gravel, trace silt and
fine to medium SAND, trace to little silt, upward
fining and coarsening sequences common, moist
(GLACIOFLUVIAL LANDSLIDE DEBRIS)

10.0" Becomes wet

Note: Diminished drill fluid returns suggests
open fractures present

17.0" Gravelly drilling

Dense, reddish brown to light olive brown, thickly
interbedded, fine to coarse GRAVEL, trace to
some fine to coarse sand, trace silt, varies to fine
to coarse SAND, little to some subangular to
rounded fing to coarse gravel, trace silt,
occasional interbeds of laminated fine SAND,
trace silt, contacts commonly gradational, moist
to wet (GLACIOFLUVIAL LANDSLIDE DEBRIS)

Casing S.U. 2.0
A+A—slots @ N78W

2.25inch —9
PVC Stickup 2.0 feet Inclinometer T
Casing

1 SS 5-5-5 10 jp.2n.s

Lime/ —F
Cement
Grout

2 SS ©7-11-14 25 [1.1/1.5 [ ]

3 [ ss 8-9-17 26 [1.01.5 | | T

GW/ |
SM

4 S8 8-17-21 38 [1.011.5 | ]

5 SS 13-20-22 42 [0.211.5 ]

Log continued on next page

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux

DRILLER:

J. Salisbury/Hundahl

LOGGED: FSM/JJDC

CHECKED: Golder

*

DATE: 7/2/99




PROJECT: WSDOT/ MP 326
Landslide/WA

RECORD OF BOREHOLE GA-2

PROJECT NUMBER: 993 1467.300 BORING LOCATION: South Line, Middle Hole

SHEET _2 OF _4

DATUM: MSL

BORING DATE: 4/28-4/29/99

SOIL PROFILE SAMPLES

ELEV. BLOWS/6GIN.

DESCRIPTION
140 Ib. hammer

30 inch drop

DEPTH FEET
BORING METHOD
GRAPHIC
NUMBER

TYPE

1]
Q| DEPTH

PENETRATION RESISTANCE
BLOWS/FT.

10 20 3 40

PIEZOMETER
0 GRAPHIC

REC/ATT

WATER CONTENTPERCENT
Wp —_— Wi

WATER
LEVEL

(4]
(=)

Dense, reddish brown to light olive brown, thickly
interbedded, fine to coarse GRAVEL, trace to
some fine to coarse sand, trace silt, varies to fine

@

S8 11-19-15

34

1.1/1.5

to coarse SAND, little to some subangular to
rounded fine to coarse gravel, trace silt,
occasional interbeds of laminated fine SAND,
trace silt, contacts commonly gradational, moist

to wet (GLACIOFLUVIAL LANDSLIDE DEBHI%

Compact, light olive brown to brownish black,
interbedded, fine to coarse subrounded to
rounded GRAVEL, some fine to coarse sand,
35 trace silt and laminated fine to medium SAND,

trace to little silt, contacts are gradational,
coarsening upward sequences common,
occasional hard (ppen >4.5 tsf) thin (~1 cm)

7 SS 12-10-15

25

1114

interbeds of laminated CLAYEY SILT, mosit to
wet (GLACIOFLUVIAL LANDSLIDE DEBRIS)

40

8 ss 13-12-13

25

1.2/1.9

Compact, light olive gray to light olive brown,
interbedded, laminated fine to medium SAND,
trace to little silt, trace subrounded faceted gravel,

45

varies to fine SAND and SILT, occasional
interbeds of CLAYEY SILT to 1 cm thick, wet,
bedding orientation is ~90° wrt sampler axis,
some FeOx staining observed along laminae @

9 SS 7-10-9

HWT Casing Advancer - Spade Bit

19

1.011.4

~45', well defined fining upward sequences, sand
infitled fracture observed at 55', oriented <20° wrt
sampler axis (TRANSITIONAL LANDSLIDE
DEBRIS)

50

0.8/1.9

55

1 SS 6-9-12

21

1.1/1.9

60

Log continued on next page

225 inch—p4
Inclinometer
Casing

Cement h

Grout

DRILL RIG: Burley 4500 LOGGED: FSMAUDC

DRILLING CONTRACTOR: Crux CHECKED:
DRILLER: J. Salisbury/Hundaht DATE: 7/2/99




PROJECT. WSDOT/ MP 326 RECORD OF BOREHOLE GA-2  SHEET 2. OF 4

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: South line, Middle Hole BORING DATE: 4/28-4/29/99
o
Q IL PROFILI PENETRATION RESISTANCE
z SOILPROFILE SAMPLES sLows/et B PIEZOMETER
i 0 10 20 a 49 g0 GRAPHIC
uLL' (29 LE> ELEV. E BLOWS /6 IN. t
E E DESCRIPTION 8 z o g w . N S WATER CONTENTPERCENT WATER
T [ . hammer W wi LEVEL
518 B[S DEPTH | 21 | a5ineh drop 4o %o 40 60 80 100
60 —
Compact, light olive gray to light olive brown, SP-
interbedded, laminated fine to medium SAND, SM/ 12 { 85 5-8-11 19 {1.011.5 ]
trace to little silt, trace subrounded faceted gravel, ML
varies to fine SAND and SILT, occasional 2,26 inch—4
interbeds of CLAYEY SILT to 1 cm thick, wet, Inclinometer E
& bedding orientation is ~90° wrt sampler axis, Casing
2 some FeOx staining observed along laminae @ ]
g ~45', well defined fining upward sequences, sand
0 infilled fracture observed at 55', oriented <20° wrt
q-'-, sampler axis (TRANSITIONAL LANDSLIDE i
S | DEBRIS)
©
65 3 65.0: Some mottling and fractures 4
<c,, observed in SS#13
£ 13 SS 6-8-11 19 {1.1/1.5 [ |
4 ]
&}
E Lime/ —£
Cement 7
T Grout
Vers ot . : 27 7890
ry stiff to hard, light olive brown, laminated CL- v
70 SILTY CLAY, wet, 3" thick zone of soft SILTY CH ;/’ _
CLAY with hard angular, polished SILTY CLAY, v > .
clasts observed at ~75.0' 7 4 .
& | (GLACIOLACUSTRINE DEPOSIT) _— 14 88 16-25-49 74 1504 | |
g i
@ = =
Jo /] E
<2  Vari A
o0 @ 72.5: Varies to SILT (ML)
S ppen: 1.5-2.5 tsf v, 15 | ss 4-7-14 18 |1.5/14 33.4
sl
e} ey 27 37 i
* e
A ]
» 15A| C NA
Very dense, light olive gray to dark olive,
nonstratified to crudely/thickly bedded, fine to 16 { SS 50/3 >50 (0/0.25 r* |
coarse, subangular to subrounded GRAVEL, little
to some silt, trace to little fine to coarse sand,
cobbles and small boulders observed in core runs i
between split spoon samples, varies to silty fine
to coarse SAND, little fine subrounded gravel, 1B8A| C NA |
moist to wet (GLACIOFLUVIAL DRIFT)
80 -
4
17 | 8S 50/3 >50 02025 F—» i
3 ]
o)
I ]
85 =
17A} C NA
18 | SS 50/4 >50 10.3/0.3 [N
18A| C NA
90 .
Log continued on next page
DRILLRIG: Burley 4500 LOGGED: FSM/ADC i
DRILLING CONTRACTOR: Crux CHECKED: é7 A}
f=7- Golder
DRILLER: J. Salisbury/Hundahl DATE: 7/2/99 Associates




PROJECT. WSDOT/ MP 326
Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-2

BORING LOCATION: South Line, Mimddle Hole

SHEET _4 OF _4_
DATUM: MSL
BORING DATE: 4/28-4/29/99

o
o SOIL PROFILE PENETRATION RESISTANCE
E SAMPLES BLOWS/FT. PIEZOMETER
b| o 10 20 3 g g0 GRAPHIC
E 3 ;:_) ELEV. o BLOWS /6 IN. t
e DESCRIPTION 2% ‘fg 9| omh N < WATER CONTENTPERCENT WATER
o . hammer
w [e] B T o =) w .—_.‘w____‘ tEVEL
al| a B o3| PEPTH L 20 2| 30inch drop & Wo i .
90 - .
. . e
Very dense, light olive gray to dark olive, GW- g
nonstratified to crudely/thickly bedded, fine to GM | J
coarse, subangular to subrounded GRAVEL, little '
to some silt, trace to little fine to coarse sand, 9| 88 35-50/2 >50 |0.3/0.3 2.25inch—4
cobbles and small bouiders observed in core runs Incfinometer 1
between split spoon samples, varies to silty fine Casing
to coarse SAND, little fine subrounded gravel, |
moist to wet (GLACIOFLUVIAL DRIFT)
19A| C NA
95 ]
g 20 SS 50/2 >50 [0.0/0.9 Y |
o
(Jj: Lime/ -
Cemert T
Grout
20A) C NA s
100 Hard, dark olive, faminated to nonstratified, CL- _
CLAYEY SILT, little fine subrounded to rounded ML .
gravel with interbeds of laminated SILTY CLAY,
trace fine sand, trace organic laminae, moist to T
wet, well developed gravel sockets S A 354 21 | 88 50/4 >50 |0.3/0.3
(GLACIOFLUVIAL DRIFT/GLACIOLACUSTRINE 101.8 §
DEPOSIT)
Totat depth sampled 101.8 ft bgs .
A-axis bearing 78°E {
105 -
110 -
15 N
120 -

DRILLRIG: Burley 4500
DRILLING CONTRACTOR: Crux

DRILLER: J. Salisbury/Hundah!

LOGGED: FSMADC

CHECKED:
DATE: 7/2/99




Landslide/WA

PROJECT. WSDOT/ MP 326

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-2A

BORING LOCATION: South line, middle hole

SHEET _1_OF 3

DATUM: MSL

BORING DATE: 4/29-4/30/99

[}
PENETRATION RESISTANCE
) g SOIL PROFILE SAMPLES BLOWS/IE[I PIEZOMETER
il T g 0 2 %0 40 5o GRAPHIC
gl = Q ELEV. o BLOWS /6 IN. o
E é DESCRIPTION (8 % o ‘é E 140 1b.h N g WATER CONTENT,PERCENT WATER
. hammer
g 8 g g:') 9| DEPTH g F 30 inch drop E Wpl wi LEVEL
L, -137.0 L ]
Boring was speed dilled to 62 ft. See log for GA- 0.0 PVC.SU. 3.0 7 )
2 for detailed soil description / ?
w4 ]
e |
]
217
719
Bentonke~;‘/;g b
. Q (]
i
i
A0
7\
% y ~
1%
7R
- 10 ? 5 ]
/
07
/ / J
5 I
s ﬁ -
‘c" o0
(7]
7
- | 8 7 ] -
: 2V
. /-
oy
é é —
L/ 1
7
- 20 71
7 7
1%
2190
% )
A7k
1%
278
2
L 2 ; ; 7
Y {
a4
/4 ]
AR
1]
7178
V]
| 5 0
Log continued on next page /
DRILL RIG: Burley 4500 LOGGED: JDC i
DRILLING CONTRACTOR: Crux CHECKED: ? & = Golder
DRILLER: J. Salisbury DATE: 7/2/99 ASSOCfaIES




SHEET 2 OF 3
PROJECT: WSDOT/ MP 326 RECORD OF BOREHOLE GA-2A —
Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: South line, middie hole BORING DATE: 4/29-4/30/99
o
_ g SOIL PROFILE SAMPLES PENETR;\I(IZ?V?SIZE{%IiTANCE P'gg?\’g‘ﬁfcm
w 3 &
tiuj > Q | ELEV. - BLOWS /6N, E 10 2 40 ¥
£ Zz DESGCRIPTION ® é ® @ w N < WATER CONTENTPERCENT WATER
)8 2 |88 oeem | 3| E| b B wr— | em
| 5 _
]
vl 200
X .é?r?.‘zo“f»/
PVC Riser é/
0
278
i Ben(on'ne——?'//‘ é 7
i 1y
35 ] s
7178
715
7218
A
78
| 717
- 40 39.74 bgs | /] ; ]
6/15/99 / /
110
1%
! 0
1%
]
5 )
2 0
g 2158
2 Yy
- 45 g é Cj -
3:: % 1 |
1
S % 2
5 ]
T / 4
21%
? oy
91
|- s0 / L 1
7
2150
o
214
il
270
L 55 ] Z‘ 7]
| 60
Log continued on next page
DRILLRIG: Burley 4500 LOGGED: JDC
DRILLING CONTRACTOR: Crux CHECKED:
DRILLER: J. Salisbury DATE: 7/2/99




PROJECT: WSDOT/ MP 326

RECORD OF BOREHOLE GA-2A

SHEET _3 OF 3 _

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: South line, middle hole BORING DATE: 4/29-4/30/99
=)
le) SOIL PROFILE PENETRATION RESISTANCE
. E SAMPLES BLOWS/FT PIEZOMETER
w w GRAPHIC
W] g 10 2 30 4 8
w Q ELEV. a BLOWS /6 IN.
= z & v | E WATER CONTENTPERCENT
- = DESCRIPTION o0 % m w < W WATER
8 g 9|z 8 b g o | 140 Ib. hammer S Wpr————o————WI LEVEL
o | a S o2 PEPTH [ S =1 55inchdrop o 20 40 60 80 100
60
Compact to dense, light olive brown, tan and light | SM
olive gray, laminated, mottied, fine SAND, littie qa1d.
“ to some silt, trace hard CLAYEY SILT laminae ! S8 8-13-14-22 27 po2g u
m and coarse sand sized clasts observed between
3 64" and 69.5', wet, laminae commonly
% subhorizontal (LANDSLIDE DEBRIS)
65 | 1 2 |ss 10:1417-27 | 31 poRg n
5
>
o
<
2
.2 3| 8s 6-11-16-21 27 poR2g | ]
[&]
:
4 | 8S 6-11-13-22 24 porq [ ]
Hard, light olive gray, subhorizontally laminated, | CL-
70 SILTY CLAY, trace coarse subrounded gravel ML
(dropstones), varies to silt, moist 29.6
(GLACIOLACUSTRINE DEPOSIT) 5| 8S 5-25-35-50/6 60 28;0—_—0
?Z, 43
7 es.0
Boring terminated 72.0 ft bgs 72.0
75 -1
“ |
85 -
90 .
DRILLRIG: Burlay 4500 LOGGED: JDC i
DRILLING CONTRACTOR: Crux CHECKED: é;é E Golder
)
DRILLER: J. Salisbury DATE: 7/2/99 Associates




PROJECT WSDOT/ MP 326 RECORD OF BOREHOLE GA-3 SHEET 1_OF 2

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: South line, lower hole BORING DATE: 4/27-4/28/99
o
o SOIL PROFI PENETRATION RESISTANCE
B OlL PROFILE SAMPLES slowser M PIEZOMETER
0| o 10 2 4 4 s GRAPHIC
g2 g | BEY | o BLOWS /6 IN. E
£l E DESCRIPTION 2 &, 8 @ o NE WATER CONTENTPERCENT WATER
& z 8 . hammer @ N LEVEL
a| 3 Z{G3 PEFTH | 21 2| 30inchdiop s We ) Wi
81.3 -
0 Loose, brown, nonstratified to weakly stratitied, 0.0 PVC Stickup 2.65 feet
silty fine to coarse SAND, some fine to coarse A+A - slots @ N70°W
gravel and cobbles, damp (GLACIOFLUVIAL 1
LANDSLIDE DEBRIS)
225 inch —+4
Inclinometer 1
Casing
5 .
i ]
1 Ss 1-141 2 jo.onsl B . CU"*/m—“/ B
eme|
Grout
____________ 723 | ]
Loose, mottled light olive brown and dark brown, 9.0
weakly stratified, fine to medium SAND, trace
10 fine subrounded gravel, trace organics in thin -
laminae, wet (TRANSITIONAL LANDSLIDE
DEBRIS) i
2 SS 5-3-2 5 [0415] W _‘
____________ 666 |
15 & | Compact, light to olive brown, stratified, fine to 147 —
S medium SAND, fittle silt grading to silty fine
3 SAND, wet (TRANSITIONAL LANDSLIDE ]
< | DEBRIS)
“ 3 |ss 5-5-6 11 |rons n |
[$]
5 ]
wol| o =—— | _613 | .
Hard, gray, stratified, SILT, moist to wet, contains ] 200
thin interbeds of fine sand (GLACIOLACUSTRINE
DEPOSIT) i
30
___________ | 4593 } 4| SS 12-26-50/4 >50 |1.3/1.3 H—0— | B3 i
Hard, gray, massive, SILTY CLAY, to CLAYEY AEA 220 19 39
SILT, moist to wet (GLACIOLACUSTRINE "
DEPOSIT) h
I ]
25 .
5 | ss 50-25-50/6 75 |1.515 *—v i
|[Hard, gray, massive, SILTY CLAY, trace fine 7|_523 _| ]
subrounded gravel, moist (GLACIOLACUSTRINE 29.0
DEPOSIT) 4y
30 .
Log continued on next page
DRILLRIG: 2500 LOGGED: MS i
DRILLING CONTRACTOR: Crux ' CHECKED: é;f‘ I Golder
*
DRILLER: S. Walker \ DATE: 7/2/99 ASSOC.latES




PROJECT. WSDOT/MP 326

PROJECT NUMBER: 993 1467.300

Landslide/WA

BORING LOCATION: South line, lower hole

RECORD OF BOREHOLE GA-3

SHEET 2 OF 2
DATUM: MSL
BORING DATE: 4/27-4/28/99

DRILLER:

DATE: 7/2/99

o
o SOIL PROFILE PENETRATION RESISTANCE
Q Ol SAMPLES BLOWS/FT PIEZOMETER
= [ E
i w 9 10 20 30 410- 50 GRAPHIC
i 2 | BE & BLOWS/6IN. E WATER CONTENTPERCENT
£ | Z DESCRIPTION g, =1 N g y TNt o WATER
T o . hammer p————©o————1 LEVEL
wle (@G| DEPTH | 21 Z 1 30inch drop Eo 20 40 60 80 0
- 30. - ]
Hard, gray, massive, CLAY, trace fine subrounded | CL /
| gravel, moist (GLACIOLACUSTRINE DEPOSIT) / }_
/ 2.7
I / 6 | SS 22.50-50/2  {>50 [1.212 T [
/ 2.25 inch —p4+ 1
/ 47.3 [nclinometer
i M T T T T T T T —45 Casing E
Very dense, grayish brown, nonstratified, silty 34.0
fine to coarse SAND, some fine to coarse
|- 35 subrounded gravel, moist to wet -
(GLACIOFLUVIAL DRIFT)
| 7 Ss 50/2 >50 [0.1/0.2
Lime/ —
r Cement P/
Grout
I 1 U _423 |
Very dense, light olive gray, nonstratified, silty 39.0
fine to coarse SAND, some fine to coarse
- 40 subrounded and subangular gravel, wet i
5 (GLACIOFLUVIAL DRIFT)
- Q B
g 8 | SS 50/4 >50 10.3/0.3
e
<
| 2
‘@
o
3 &}
E
Loas | = = - N _363 | .
Very dense, olive gray, nonstratified, silty, fine to 45.0
coarse GRAVEL, some fine to coarse sand, wet
I (GLACIOFLUVIAL DRIFT)
| 9 SS 40-50/2 >50 [0.7/0.7 "
49.5" Increase in gravel, decrease in silty
| S0 and sand -
] {é‘:o; 29.8 10 | SS 50/5 >50 _|0.4/0.4)
| Total depth 51.5 ft bgs 51.5
Groundwater encountered <11 ft
Inclinometer (2.25" ID at 51.5 ft)
A-axis bearing N70°W
|- 55 —
. 60 —
DRILLRIG: 2500 LOGGED: M.S. i
. \ A
DRILLING CONTRACTOR: Crux CHECKED: R. Luark ?ﬁ L Goldgr
S. Walker Associates




PROJECT: WSDOT/ MP 326
Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-3A

BORING LOCATION: South line, lower hole

SHEET _1_OF _1_
DATUM: MSL
BORING DATE: 4/28/99

o)
1S] IL PR PENETRATION RESISTANCE
g SOIL PROFILE SAMPLES PIEZOMETER
i & 0 GRAPHIC
w 3 o ELEV. o BLOWS /6 IN. £
£z DESCRIPTION 2% ‘sé 7 g WATER CONTENTPERCENT WATER
& g a8 2 o . hammer b il 4 LEVEL
Q| o Qo3 PEPTH [ 21 21 30inch drop o Wpl Wi
81.3 .
0 Boring was speed drilled to install piezometer. 0.0 7
See log for GA-3 for detailed soil description
*
2
. 40
PVC Riser j//
; 2
b /
615/ ///
0 AL
0 —*
Silica -
Sand
]
[ =4
]
>
©
<
o
<
3
w | $
T
* LD.
. 40
.010
slot screen
SH Push
r 20
Total Depth 23.0
25 7
30 —
DRILLRIG: 2500 LOGGED: MS
DRILLING CONTRACTOR: Crux CHECKED: E
= Golder
DRILLER:  S. Walker DATE: 7/2/99 Associates




PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-4  SH®FT 1OF IO

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: Middle Line, Upper Hole BORING DATE: 5/18-5/27/99

SOIL PROFILE PENETRATION RESISTANCE
SAMPLES sLowsT B PIEZOMETER

i 1 20 0 4 5o GRAPHIC
WATER CONTENT,PERCENT WATER

140 |b. hammer
Wp"‘——CW——' Wi LEVEL

30 inch drop SN ,

ELEV.

BLOWS/6IN.

DESCRIPTION
DEPTH

DEPTH FEET
BORING METHOD
GRAPHIC

LOG
NUMBER
REC/ATT

TYPE

347.9 __ N
0.0 PVC Stickup 1.56 feet E

o

Compact, light reddish brown, nonstratified to
thickly bedded, subrounded to rounded GRAVEL,
some fine to coarse sand, little clayey silt, moist,
driil action suggests presence of cobbles and
occasional boulders (GLACIOFLUVIAL
DEPOSIT)

A+A- Slots @ N54°W

2.25 inch ~
Inclinometer
Casing

g | 1 N/A NA ' ﬂ

1 Ss 5-10-9 19 (07115 J

13t0 15.5°
SAND interbed based on drill action

15

Stiff to hard, olive brown, faintly laminated to
massive slightly iron oxide stained CLAY to SILTY
CLAY, trace sand, trace to little angular gravel,
damp to moist, contains randomly oriented,
discontinuous, planar, iron oxide stained surfaces
(joints) with very faint lineations {slickensides?)
creating & blocky texture, ppen 2.5 tsf to >4.5 tsf
(GLACIOLACUSTRINE DEPOSIT)

HWT Casing Advancer

20

2 | ss 12-22-21 43 1315 | |

25

3 | ss 10-7-8 15 047/1.4 | J

| | Dense to very dense, olive brown, nonstratified, \_
fine to coarse, subrounded to rounded GRAVEL,
some sand, trace silt, ranging to silty SAND,
some rounded gravel, wet (GLACIOFLUVIAL
DEPOSIT)

Log continued on next page

3194
285 ]

30

DRILL RIG: Burley 4500 LOGGED: FSM/CAV i
DRILLING CONTRACTOR: Crux CHECKED: é AY Golder

74 3
DRILLER:  HundahlJ. Salisbury DATE: 7/2/99 Associates




PROJECT. WSDOTMP 326 RECORD OF BOREHOLE GA-4  SHEET 2. OF10

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: Middle Line, Upper Hole BORING DATE: 5/18-5/27/99
a
(:): SOIL PROFILE SAMPLES PENETR;\]'_I';?;IST'E[_SIETANCE PIEZOMETER
5 E 0 10 20 qOA 40 0 GRAPHIC
w 3 % ELEV. o BLOWS/6IN. E
i DESCRIPTION 8%, § 2 o N < WATER CONTENTPERCENT WATER
z 8 a . hammer N _ LEVEL
fuj’ ] g © 3| DEPTH g [ 30 inch drop l"JLZJ Wp wi
- 30 < L -
Dense to very dense, olive brown, nonstratified, | GW/ ['e) -50/2* .5/0.
fine to coarse, subrounded to rounded GRAVEL, | SM |- 4 ss 50-5012 >50 |0.5/07
some sand, trace silt, ranging to silty SAND, 1
som%ré)grr;ded gravel, wet (GLACIOFLUVIAL /)
DEPOSI 2.25 inch —
Inclinometer [ T
Casing
35 ]
Lime/ —F;
Cement 7
Grout l
40 -
5 | 8§ 7-14-26 40 [0.711.5 F i
]
o
§ |
8
<
"3 i—’ |
3
§ 6 | ss 18-41-29 70 [1.01.5 ]
T
50 —
4
|- 55 -
7 Ss 37-50-41 91 |t.2/1.5 1% 4—0 ]
@-~57.0% Increase in sand content in drill
fluid, smooth drill action, decrease in T
SILT/CLAY content to trace
. 60 —
Log continued on next page
DRILL RIG: Burley 4500 LOGGED: Mocker/Valentine i
DRILLING CONTRACTOR: Crux CHECKED: é;f X Go]dgr
DRILLER:  Hundahl/J. Salisbury DATE: 7/2/98




PROJECT: WSDOT/MP 326

RECORD OF BOREHOLE GA-4

SHEET 3 OF 10

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: Middle Line, Upper Hole BORING DATE: 5/18-5/27/99
=)
s} SOIL PROFILE SAMPLES PENETRATION RESISTANCE
- E BLOWS/FT. PIEZOMETER
I w 0 10 20 30 40 50 GRAPHIC
w 5 % ELEV. o« BLOWS /8 IN. E 1
E z DESGRIPTION alg, é W o N £ WATER CONTENTPERCENT WATER
o z 8 [ . hammer b v S LEVEL
a8 S| 3 PEFTH | 21 2 | 30inch drop « Wp wi
- 60 -—
61.0-65.0" Drill action suggests presence of 8 58 29-50/2 >50 0‘5/0'1
[ coarse gravel and cobbles with an occasional b
boulder
5 2.25 inch —4
2 Inclinometer h
g Casing
b=l
L P J
o
£
w
1 ©
3 i
- 65 T -
[ @66.0" Possible SAND heave l
Lime/ —F>
[ Cement h
Grout
Hard, reddish brown, nonstratified, subangular 1
to rounded, fine to coarse GRAVEL, little sand,
- 70 little clay, damp, some gravel clasts are faceted, _
some are completely weathered or FeOx stained, 11
] well developed clay sockets (TILL) 9 ss 12.15.23 a8 1.21.4 ° ] |
I g i
c
ol
>
O
| <
g W
e ————— — —— —
| (&) Dense to very dense, reddish brown to light olive 4
o brown, nonstratified to thickly bedded, fine coarse
T subrounded to rounded GRAVEL and fine to
| 75 coarse SAND, trace to little silt/clay, trace to little -
cobble, trace boulder, ranges to sandy GRAVEL,
FeOx staining observed, some gravel clasts
| (granitic) are completely weathered, moist to wet 10 | SS 30-46-50 96 (0.8/1.3 _
(GLACIOFLUVIAL DEPOSIT) .
| J
5/27/99
| ATD _‘
n|c N/A N/A [1.5/2.7) B8 b
r 80 268.0" ]
. 00
511199
ATD
| 80.9' bgs 4
= BOHE
@ 120
9 .
i o
(&
he=l
i=
L 5 i
g 12| c N/A N/A 1.7/45
55 | S .
bl
5]
(&)
5 ]
13 8S 20-37-50 87 {0.8/1.3
3 4
A4
5/26/99
[ S ! N/A N/A [2.9/4.2 ATD .
88.5'bgs
BOH®@
|- 90 - 210.0' n
Log continued on next page {

DRILL RIG: Burley 4500
DRILLING CONTRACTOR: Crux
DRILLER:

HundahlJ. Salisbury

LOGGED: FSM/CAV

CHECKED:
DATE: 7/2/99




PROJECT: WSDOT/MP 326

RECORD OF BOREHOLE GA-4

SHEET _4_ OF 10

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: Middle Line, Upper Hole BORING DATE: 5/18-5/27/99
[a]
e} PENETRATION RESISTANCE
¥ SOIL PROFILE SAMPLES PIEZOMETER
5 G B 0 GRAPHIC
w 3 % ELEV. o« BLOWS /6 IN. &
E é DESCRIPTION o o é w N g WATER CONTENTPERCENT WATER
a z TS 2 o | 140 Ib. hammer 2 W 4 LEVEL
o @ G 9| DEPTH z| & 30 inch drop T Wp wi
90
Dense to very dense, reddish brown to light olive
brown, nonstratified to thickly bedded, fine coarse
subrounded to rounded GRAVEL and tine to 14| C N/A N/A [2.9/4.3 ]
coarse SAND, trace to little silt/clay, trace to little
cobble, trace boulder, ranges to sandy GRAVEL, 2,25 inch —<4
FeOx staining observed, some gravel clasts Inclinometer 4
(%rani(ic) are completely weathered, moist to wet Casing
{GLACIOFLUVIAL DEPOSIT) 15 C N/A N/A [1.5/1.9
95 | C N/A NiA 20134 .
Lime/ ~——.
Cement h
Grout
17 | 8S 23-34-46 80 10.7/1.9 Y
@98.0" Increased SILT/CLAY content f 1
100 -
18 o3 N/A N/A [1.5/3.9
19 C N/A N/A 10.5/2. B
g
105 ol -1
8 20( C N/A N/A (1.073.0
=)
c g
o
E
o
[=} i
|
3 21 | 85 29-50/6" >50 {0.2/1.0 »
o 1
I
22 o3 N/A N/A 11.4/3.0
110 -
23 o] N/A N/A 10.0/1.0)
24 (o] N/A N/A [2.6/5.0
115 .
57201 rg'l ]
ATD
116.3' bgs 4
BOHE@
182.0'
25 Cc N/A N/A 10.0/5.0
120 .
Log continued on next page
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PROJECT. WSDOT/MP 326 RECORD OF BOREHOLE GA-4 ~ SHEET 2.OF10

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: Middle Line, Upper Hole BORING DATE: 5/18-5/27/99
o]
o SOIL PROFILE PENETRATION RESISTANCE
R SAMPLES sLowset M PIEZOMETER
w w 0 10 20 30 40 50 GRAPHIC
iz o | eev | ¢ BLOWS /6 IN. E :
E é DESCRIPTION 8 % © § Wl obh N S WATER CONTENTPERCENT WATER
a z xS 3 o . hammer b R — LEVEL
o o 8 | & 2| DEPTH z| ¢ 30 inch drop S Wp Wi
120 —
Dense to very d;angeA redtii(ifhbtgg;vn to light olive
brown, nonstratified to thickly led, fine coarse : .
subrounded to rounded GRAVEL and fine to 25 c N/A N/A 10.0/5.0 4
coarse SAND, trace to little silt/clay, trace to little
cobble, trace boulder, ranges to sandy GRAVEL,
!(=er s1)a‘ming obsTrved, somrt‘a grz(xjvel clasts 4
ranitic) are completely weathered, moist to wet N
(GLACIOFLUVIAL DEPOSH) 26188 26-5072 >50 (0.5/0.8
2.25inch—14
Inclinometer |~ ]
Casing
os| - = = = — — — - S 2| 2229 | |
Very dense and hard, olive brown to ligh tolive b 125.0 27 c N/A N/A [3.5/4.2
brown, sometimes with dark gray mottling, - Lime/ _(
interbedded, SILTY CLAY ranging to CLAYEY c ime . J
SILT, fine SAND, little to some silt, and SILT, b
moist to wet, contacts are sharp to gradational, rou
joints observed in clay interbeds (PPEN > 4.5 E
tsf) (GLACIOLACUSTRINE DEPOSIT?) 28 | ss 26-50 50 10.3/0.7
Note: By 4:30 pm, water level in borin?
had dropped to 195' bgs with bottom o
hole @ 198" 4
5/23/99
130 @ 11:15am -
29 C N/A N/A 13.6/4.3] ATD
131.5'bgs’
BOHe E
1980 Y|
27 |
30 Cc 42-50/4° >50 0.8/0.8, o
%‘
18l [—— — — — — — — — — — —
8 Very dense, light olive brown to dark olive, fne to 31 C N/A N/A [0.9/4.2 T
et coarse, subrounded to rounded GRAVEL and
S fine to coarse SAND, trace silt/clay, trace cobble, 1
£ ranges togravelly, fine to coarse SAND, moist to
g wet (GLACIOFLUVIAL DEPOSIT)
E 32 | SS 50/5" >50 (0.0/0.4]
8 T* _
o]
I
140 33 C N/A N/A {1.7/4.6 —
.
34 C N/A N/A [2.0/5.0]
145 —
35 | S8 50/4° >50 [0.1/0.3
____________ | 79_9-4_¢
Very dense?, olive gray, nonstratified, fine to 148.5
coarse, subangular to rounded GRAVEL, some 36 ¢ N/A N/A 10.4/5.0 ]
clayey silt, trace to little sand, moist (TILL?)
150 —
Log continued on next page
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PROJECT: WSDOT/MP 326

RECORD OF BOREHOLE GA-4

SHEET _6 OF 10

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: Middle Line, Upper Hole BORING DATE: 5/18-5/27/99
o
e} PENETRATION RESISTANCE
Q SOIL PROFILE SAMPLES BLOWS/FT PIEZOMETER
il IR : GRAPHIC
wl d 0 0 0 4] 0
gl o . 4 20 3 4
w s g ELEV. o BLOWS /6 IN. £
i é DESCRIPTION o | % o § w N S WATER CONTENT,PERCENT WATER
o Q o | 140 b. hammer
w | o o ] NI | EE— LEVEL
Q @ 8 | & 3| PEPTH 2| ¢ 30 inch drop o Wp wi
150 -
Very dense?, olive gray, nonstraéiged, fine to
coarse, subangular to rounded GRAVEL, some
- clayey silt, trace to fittle sand, moist (TILL?) |3 ) C N/A N/A 10.4/5.0 .
— e — e — e e
Very dense, light olive brown, nonstratified to
thickly bedded, fine to coarse, subrounded to 1
rounded GRAVEL, little to some fine to coarse
sand, trace silt/clay. trace cobble, moist to wet,
clasts are monolithologic (Shale?) E
(GLACIOFLUVIAL DEPOSIT) 2,25 inch ~—4
Inclinometer 4
Casing
155 ar C N/A N/A 10.3/5.0] ]
Lime/ — ]
Cement
Grout ‘{
C N/A .0/5.
160 38 N/A [0.0/5.0 N
33 | S8 5075 >50 [0.8/0.4) ﬁ-»
@ i
@
<3
165 | © w| c N/A N/A [2.5/5.0 _
s
€
8
<3 R
o
Q
3 N
o
I
41 [ N/A N/A [2.2/5.0
170 -
C N/A .0/5.
175 42 N/A [2.0/5.0 ]
43 | sS 50/3" >50 [0.0025 L ]
44 C N/A N/A 12.0/5.0 B
180 -
Log continued on next page
DRILL RIG: Burley 4500 LOGGED: FSM/CAV =
. . A
DRILLING CONTRACTOR: Crux CHECKED: é; 1 Goldgr
DRILLER:  Hundahl/J. Salisbury DATE: 7/2/99 Associates




PROJECT: WSDOT/MP 326

PROJECT NUMBER: 993 1467.300

Landslide/WA

RECORD OF BOREHOLE GA-4

BORING LOCATION: Middle Line, Upper Hole

SHEET _7_OF 10
DATUM: MSL
BORING DATE: 5/18-27/99

PENETRATION RESISTANCE

Log continued on next page

o
o SOIL PROFILE
4 SAMPLES BLOWS/FT PIEZOMETER
iy o 20 P 4 5o GRAPHIC
o 0 « BLOWS /6 IN. £
E| 2 DESCRIPTION o | & al w N = WATER CONTENTPERCENT WATER
o | T O lg0 =! o | 140 hammer S LE
w [} @ [} =) > ) w Wp I L e — Wi VEL
o 0 5|03 z 30 inch drop [i4
180 -
Very dense, light olive brown, nonstratified to
thickly bedded, fine to coarse, subrounded to
rounded GRAVEL, little to some fine to coarse 4“4 ¢ NA NiA 2050 h
sand, trace silt/clay. trace cobble, moist to wet,
clasts are monolithologic (Shale?)
(GLACIOFLUVIAL DEPOSIT) 1
2.25inch —4
Inclinometer i
Casing
45 Cc N/A N/A [0.0/5.0
Lime/ —+, ]
Cement
Grout
Note: Diminished fluid returns while drilling
from approximately 187.0-200.0". had to grout J
= boring while at ~198.0' to stabilize hole and
‘g prevent loss of circulation
S
8 ]
2
g 46 [o] N/A N/A 10.0/5.0 ﬂ
o
3
) 4
Q
[&]
e
T 1
47 Ss 50/5° >50 [0.3/0.4
5/23/99 4
____________ @4:30pm
Hard and very dense, dark olive to light olive 48 c N/A NIA 14.5/5.0 I‘l —
brown, interbedded, fine SAND, trace to some ATD
silt; SILT, trace to some fine sand, and CLAYEY 195' bgs
SILT ranging to SILTY CLAY, wet, joints and Bottom 1
laminae common in SILT and CLAY units, minor .
rave| dropstones suggested by drill action @ 198.0
?GLACIOFLUVIAL/GLACIOLA USTRINE 1
TRANSITIONAL DEPOSIT)
49 | S8 50/4* >50 10.2/0.3 L
- i
o
[ =
o B
>
o
<
o
£ ]
w
g
(&)
(o] -
I
50 | SS 41-50/3" >50 |0.8/0.8

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux

Hundahl/J. Salisbury

LOGGED: FSM/CAV

CHECKED:
DATE: 7/2/99




PROJECT. WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-4

BORING LOCATION: Middle Line, Upper Hole

SHEET _8 OF 10

DATUM: MSL

BORING DATE: 5/18-5/27/99

a
o PENETRATION RESISTANCE
,3_: SOIL PROFILE SAMPLES BLOWS/FT. PIEZOMETER
i W 0 10 o qo' 4 o GRAPHIC
i 3 % ELEV. T BLOWS/6IN. l: 4
£z DESCRIPTION o &, § w N < WATER CONTENTPERCENT WATER
a Q a | 140 lb. hammer
w o] T o =] ri] —_ LEVEL
ui Q Ll1o3 DEPTH Zl & 30 inch drop @ We w
- 210 ﬂ
Hard and very dense, dark olive to light olive ML/ . -+
brown, interbedded, fine SAND, trace to some SP 51188 41-5072 >50 10.7/0.7 ‘2’5
i silt; SILT, trace to some fine sand, and CLAYEY h
SILT ranging to SILTY CLAY, wet, joints and
laminae common in SILT and CLAY units, minor
1 ravel dropstones suggested by drill action N
?GLACIOFLUVIAL/GLACIOLA USTRINE
| TRANSITIONAL DEPOSIT) |
2.25inch —t4
i Inclinometer ]
Casing
— 215 —
- Lime/ —> ]
Cement
Grout J
L 220 L* ﬂ
52 88 38-50/3" >50 [0.2/0.75
| s i
o
=
o
L % p
<
4
|- 225 & —
o
o
(s}
L I i
| 4
|- 230 L’ —
53 | 88 41-50/2° >50 10.2/0.7
|- 235 -
Hard, gray, massive to laminated CLAY to SILTY | CH 238.5
[ CLAY, moist to wet (GLACIOLACUSTRINE > ]
DEPOSIT) 7/
| 240 v .

Log continued on next page
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DRILLING CONTRACTOR: Crux
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CHECKED:
DATE: 7/2/99




PROJECT: WSDOT/MP 326
Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-4

BORING LOCATION: Middle Line, Upper Hole

SHEET _9 OF 10

DATUM: MSL

BORING DATE: 5/18-5/27/99

o
9 SOIL PROFILE SAMPLES PENETRATION RESISTANCE
5| 8 sowsrt 8 T IPEzoueren
ul
ol Q | ELEV 9 10 P P 4 50
o G 4 g o« BLOWS /6 IN. E
T = I w N E WATER CONTENT,PERCENT
E z DESCRIPTION 8 9(- @ g w 140 Ib. hamm 3 We w wi WATER
= . hammer — © LEVEL
& | 8 S | oS DEPTH | 21 2 | 30 inch drop g, 20 40 60 80 00
|- 240 246 .
Hard, gray, massive to laminated CLAY to SILTY . )
CLAY, contains interbeds of fine, sandy SILT, 54 | SS 32-50/3 >50 [0.7/0.7 e »
moist to wet (GLACIOLACUSTRINE DEPOSIT) “
2.25 inch —1-9 -1
o Inclinometer i
Casing
L 245 Z1gm
55 | SS 50/6° >50 10.5/0.5 Bd
Lime/ — ~
Cermnent
Grout
o 4
- 250 .
5 ]
2
o
L % .
<
=3
- 255 | & -
8 56 | SS 50/3" >50 [0.0/0.2
(¢}
I ]
.
L 260 ]
|- 265 —
57 SSs 50/4* >50 [0.3/0.3
| 270 -
Log continued on next page
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PROJECT: WSDOT/MP 326
Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-4

BORING LOCATION: Middle Line, Upper Hole

SHEET 10 OF 10
DATUM: MSL
BORING DATE: 5/18-5/27/99

o
o SOILP PENETRATION RESISTANCE
z ROFILE SAMPLES sLows/er 1 PIEZOMETER
| o 0 0 © 5o GRAPHIC
w 5 S ELEV. « BLOWS/6 IN. =
E z DESCRIPTION AP § w " N < WATER CONTENT,PERCENT WATER
Q a 140 Ib. hammer
w | o [0 5 o —_N LEVEL
al|a ER R sl - 30inch drop T Wp wi
- 270 i 7
Hard, gray, massive to laminated CLAY to SILTY 2.25 inch —
s CLAY, contains interbeds of fine, sandy SILT, Inclinometer
i 2 | moist'to wet (GLACIOLACUSTRINE DEPOSIT) Casing N
]
<
g
& Lime/ —§1
B O Cement B
] Grout
I
L 275 v j
o 722 | S8 | ss 37-50/2° >50 [0.7/0.7
Total Depth 275.7' BGS 275.7 E
Note: Inclinometer casing installed to ~271.0
- BGS E
| A-axis bearing N 83° feet
- 280 -
L 285 |
L 290 a
| ]
| 295 |
| 300 ]
DRILL RIG: Burley 4500 LOGGED: FSM/CAV i
. . A
DRILLING CONTRACTOR: Crux CHECKED: é; F Golder
DRILLER:  Hundahl/J. Salisbury DATE: 7/2/99 Associates




PROJECT: WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-4A

BORING LOCATION: Middle Line, Upper Hole

SHEET _1_OF 8 _
DATUM: MSL
BORING DATE: 6/1-6/4/99

[a]
PENETRAT!ON RESISTANCE
;:CE) SOIL PROFILE SAMPLES PIEZOMETER
T 5o GRAPHIC
ol 9 T BLOWS /61N, e
=4 Z DESCRIPTION w | % & w < WATER CONTENT,PERCENT WATER
& g Sl a 8 % a | 140 lb. hammer Q LEVEL
=) @ S |©3 z| £ 30 inch drop [’
- o %
Boring was speed drilied to install piezometer.
For detailed geologic log see GA-4 drilled
I approximately 5 ft west of boring. b
'> inch —74
.40
L PVC Riser B
- 5 N
| Bentonite —f- i
- 10 -1
]
o
- g 4
B
<
s | g .
w
]
- o -5
2
i J
s E
- 20 ]
L ]
L i
- 30 - -
Log continued on next page
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PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-4A SHEET 2.OF2_

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: Middie Line, Upper Hole BORING DATE: 6/1-6/4/99
a
o SOIL PROFILE SAMPLE PENETRATION RESISTANCE
- 3 pLowsFr M [PIEZOMETER
wou 0 0 o 0 50
2 o | eev - BLOWS /6 IN. £ ? L 2 3 4
£l 2 DESCRIPTION @ é 8| w N =g WATER CONTENTPERCENT WATER
& g 8 = 8 DEPTH g o | 140 Ib. hammer 8 W Wi LEVEL
o 0 5102 2] & aoinch drop [ Wp
L 2 _l
a7
PVC Riser
. _
Bentonite —t>
40 _
3
S /
5
<
a5 | 2 s
]
O
s 1
- 50 .
- 55 _
Log continued on next page
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PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-4A SHEET 3 OF8_

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: Middle Line, Upper Hole BORING DATE: 6/1-6/4/99
[=)
o PENETRATION RESISTANCE
| E SOIL PROFILE SAMPLES slowser B PIEZOMETER
a o 10 20 30 40 50 GRAPHIC
w g % ELEV, T BLOWS /6 IN. E
E é DESCRIPTION ? e o é @40 1o nammer N ‘_S) . WATER CONTENTPERCENT WATER
< - U, A LEVEL
a 2 ERKC 9| DEPTH 2| & 30 inch drop @ Wp wi
[~ 60 ]
“senio T
PVC Riser
L 65 _
Bentonite —- ]
- 70 .
5
§
5
<
I~ 75 g’ n
4
(&}
I a 4
- 80 i
- 85 N
-~ 90 n
Log continued on next page
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PROJECT. WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-4A

BORING LOCATION: Middle Line, Upper Hole

SHEET 4 OF 8
DATUM: MSL
BORING DATE: 6/1-6/4/99

PENETRATION RESISTANCE

Qa
[®] SOIL PROFILE
s SAMPLES BLOWS/FT. PIEZOMETER
i T X HIC
0 0 ] 40 50
i s o | eev | g BLOWS /6 IN. . L L5 *
E|Z DESCRIPTION 2%, é wl womn g WATER CONTENTPERCENT WATER
& > ] [ellts E o . nammer ] LEVEL
a @ S |©a DEPTH 2| & 30 inch drop o Wp wi
- 90 -
L
Sc)':.r:fo 7
PVC Riser
Bentonite — J
- 100 .
]
g
[ =
o
5
<
- 105 | o .
F
S ]
T

110

115

120

Log continued on next page
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PROJECT. WSDOT/MP 326 RECORD OF BOREHOLE GA-4A SHEET 5 OF8_

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: Middle Line, Upper Hole BORING DATE: 6/1-6/4/99
D .
O SOML. PROFILE SAMPLES PENETRATION HESIiTANCE PIEZOMETER
g BLOWS/FT. GRAPHIC
bl e 10 20 3 40 50
T g % ELEV. x BLOWS /6 IN. N =
w
E é DESCRIPTION 8 a o g W 0 hammer g WATER CONTENTPERCENT X:AJEEE{
o - Q —_
gl S| oS PEPTH | 2| = | aginchdrop « Wp wi
120 -
1.5 4
e
PVC Riser
125 —
Ben(onite—-( ]
130 -1
E’ -5
g
5
< -
13| o
g
O -
: _
J
140 e
145 . 7]
150 n
Log continued on next page
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SHEET 6 OF 8
PROJECT WSDOT/MP 326 RECORD OF BOREHOLE GA-4A —
Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: Middle Line, Upper Hole BORING DATE: 6/1-6/4/99
[a]
3 SOIL PROFILE o PENETRATION RESISTANCE
i E r SAMPLES ) BOLOWS/,_;I ) ! :xgégyEITcEn
ol Q | ELEV o BLOWS /6 IN. E ¥ P 3 4 .
E z DESCRIPTION @ é © é w . N 2 WATER CONTENT,PERCENT WATER
Q [N 14 A w
g 8 g % 9| DEPTH % t 30 inchacriT:cr>nper &j Wp wi LEVEL
- 150 b
oo T 4
PVC Riser
L 155 -
Bentonite —
1
- 160 -
1
| 165 | o |V | ;
£ ATD)
S B
g csGe162 T
I
|
- 170 ]
- 175 ' ﬂ
i
| 1e0| .
Log continued on next page
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SHEET _7_OF 8
PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-4A
Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: Middle Line, Upper Hole BORING DATE: 6/1-6/4/99
o
[e) PENETRATION RESISTANCE
,:E SOIL PROFILE SAMPLES BLOWS/FT. B PIEZOMETER
il I 0 20 % o 5o GRAPHIC
E 5 (E) ELEV. i BLOWS /6 IN. t ! 4
E.I‘ Z DESCRIPTION 9 g, § 8 omn N g WATER CONTENTPERCENT WATER
g g8 - hammer —_— LEVEL
a8 0 2 | ¢ 3f DEPTH E= 30 inch drop & Wp wi
- 180 —
S Bentonite —
1.5-inch —|
1.D. Sch. |7
40PVC
Riser
L 185 . 10/20—{"..'
Silica [+
Sand
108-208'
18'50’5%:3 ﬁj:_
- 150 Sand
slotted [
| Screen
b c K
© -
3
<
- 195 o
3
| [$) )
:
A4
L 200 ATD)-
S
|- 205
; 210 ]
Log continued on next page
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PROJECT: WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-4A

BORING LOCATION: Middle Line, Upper Hole

DATUM: MSL

BORING DATE: 6/1-6/4/99

SHEET _8 OF 8 _

o
o SOIL PROFILE SAMPLES PENETRATION RESISTANCE
z BLOWS/FT PIEZOMETER
m 5 o 20 3 40 o GRAPHIC
w g :___) ELEV. o BLOWS /6 IN. = L
E =z DESCRIPTION %) % % w < WATER CONTENTPERCENT WATER
& % g |z 8 DEPTH g a | 140 Ib. hammer 2 w \ LEVEL
= S |oa z| F| 30inchdrop o Wp W
|- 210
— 215
( 220
g
=
@
3
<
- 225 o
3
(8]
BE
- 230
L 235
|- 240
Total depth 240 ft bgs

DRILLER:

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux

Hundahl\J. Salisbury

LOGGED: FSM/CAV

CHECKED:

DATE: 7/7/99




PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-5 SHEET 1 OF 5

Landslide/WA DATUM: MSL
BORING LOCATION: Middle line, middie hole
PROJECT NUMBER: 993 1467.300 ’ BORING DATE: 5/5-5/8/99
a
le) OIL PROFI PENETRATION RESISTANCE
_ g S LE SAMPLES srowset B i PIEZOMETER
] ] ) 10 20 30 40 50 GRAPHIC
E 3 % ELEV. @« BLOWS/6IN. I:
= Z DESCRIPTION o % o w N < WATER CONTENTPERCENT WATER
& % g | = 8 DEPTH 3| % | 140lb.hammer Q W LEVEL
ol a 3|63 2| #| 30inchdrop o Wp | wi
0 II
Loose, brown, nonstratified, silty fine to coarse PVC Stickup 2.5 feet
SAND, with some fine to coarse gravel, damp, A+A- Slots @ N50°W
trace organics to 6-inches (LANDSLIDE DEBRIS) 1
2.25-inch ‘%
Inclinometer 4
Casin
N Y i
Compact, dark brownish gray, nonstratified, fine ATD
to coarse GRAVEL, some fine to coarse sand, 5/6/99
trace silt, wet (GLACIOFLUVIAL LANDSLIDE E
DEBRIS)
5 Lime/ W/ “
Cement
Grout
1 SS 16-10-5 15 0.3/1.5 i
10 -
4
5
D
2 i
Q
Q
% ____________ i
g Loose, light olive brown and reddish brown,
c | nonstratified, silty fine to coarse SAND, little fine
15 S | subrounded gravel, wet (GLACIOFLUVIAL —
2 | LANDSLIDE DEBRIS)
g i
[Z]
3
E 2| 8s 3-4-3 7 Baﬁ.s [ 1
T
20 — — - — —— = = = — — —q -
Loose, light olive brown, nonstratified, fine to
coarse SAND, little to some clayey silt, trace fine
subrounded gravel, wet (GLACIOFLUVIAL g
LANDSLIDE DEBRIS)
. 25 -
3| ss 5-4-5 9 p2sio [ l
4
30 -
DRILLRIG: 2500 LOGGED: JDC/MS i
DRILLING CONTRACTOR: Crux CHECKED: % E Golder
]
DRILLER: J. Salisbury/S. Walker DATE: 7/7/99 Associates




l SHEET _2 OF _5
PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-5
Landslide/WA . DATUM: MSL
BORING LOCATION: Middle line, middle hole
l PROJECT NUMBER: 993 1467.300 BORING DATE: 5/5-5/8/99
Q
o PENETRATION RESISTANCE
o SOIL PROFILE SAMPLES BLOWS/FT. [ | PIEZOMETER
= .
i ] 10 20 30 4% 50 GRAPHIC
w g 9 | ElEV « BLOWS /6 IN. E *
& Z DESCRIPTION n | & w N < WATER CONTENT,PERCENT WATER
& g 8 é 8 DEPTH % a 140 Ib. hammer 8 w LEVEL
a1 s S8 Z| & | 30inchdrop 4 Wp wi
l - 30 Loose, light olive brown, nonstratified, fine to SM
coarse SAND, little to some clayey silt, trace fine
| subrounded grave!, wet (GLACIOFLUVIAL 4
LANDSLIDE DEBRIS}
2.25-inch
I | Inclino:rr::(erjé i
Casing
' [~ 35 T
1 36.0": Becomes compact with decrease in . / h
clayey silt (to little), increase in size and CL"“e ¢
content of gravel {to little, fine to coarse), 4 | ss 10-9-7 16 0.3/1.0 [ | ot
[ trace organics 1
- 40 e o o T T e . .
Compact, light olive brown, nonstratified, fine to SW-
. coarse SAND, trace fine subrounded gravel, little | SM
- to some silt, wet (GLACIOFLUVIAL LANDSLIDE 1
DEBRIS)
5 1
@
c
- [} 1
<Q
l ; N
8
j=
[
45 | 3 T
' :
o
5 £ ]
3
8]
| & 5 | s 8-9-10 19 [1.011.5 |
' )
1 51.0" Becomes dense with decrease in sand g 1
size (fine to medium) and increase in gravel
l | size (fine to coarse) 6 sSs 18-24-25 49 1.01.5 ]
- 55 -
- 56.0": Becomes compact and weakly h
stratified. Gravel is absent.
L 7 ]ss 13-10-10 20 12115
57.0": One inch of medium to coarse sand 1
[~ 60
DRILL RIG: 2500 LOGGED: JOC/MS i
. . A
DRILLING CONTRACTOR; Crux CHECKED: é; FGolder
DRILLER: J. Salisbury/S. Walker DATE: 7/7/99




PROJECT WSDOT/MP 326 RECORD OF BOREHOLE GA-5 SHEET 3 OF 5

Landslide/WA DATUM: MSL
BORING LOCATION: Middle line, middie hole
PROJECT NUMBER: 993 1467.300 BORING DATE: 5/5-5/8/99
[o]
8 PENETRATION RESISTANCE
z SOIL PROFILE SAMPLES sLows/er il PIEZOMETER
T | 0 10 20 30 40 o GRAPHIC
w 5 % ELEV. o« BLOWS/6IN. = A
E g DESCRIPTION » % o Ié w o.h N S WATER CONTENTPERCENT WATER
[&] a 140 b. hammer
| o T o —_— LEVEL
a @ % | 6 3| DEPTH 2| & 30 inch drop & Wwp Wi
60 - - —
Compact, light olive brown, nonstratified, fine to
coarse SAND, trace fine subrounded gravel, fittle [ SM
to some silt, wet (GLACIOFLUVIAL LANDSLIDE ]
DEBRIS)
8 | SS 26-21-18 39 [1.215 ! 2.25-inch —é
Inclinometer -
Casing
65 _
i +
9 | ss 48-50/3 >50 [0.30.75 '
Lime —7/
Cement 4
Grout
____________ I 645 _|
70 — — .
Very denss, olive brown, stratified, silty fine SM 70.0 ,
SAND, wet (TRANSITIONAL LANDSLIDE
DEBRIS) W
10 ] SS 26-35-40 75 [1.31.5 ]
=
@
<
S |
Q
by |
bl
2
s | & -1
<
(=]
£ E
2
§ 11| ss 13-21-29 50 {02515 i ]
I
80 .
12 | 88 19-29-33 62 0915 [ J
85 ]
1 i
13| S8 29-32-35 67 1215 [ B |
% J
DRILLRIG: 2500 LOGGED: JDC/MS ‘i
. . )
ORILLING CONTRACTOR: Crux CHECKED: é; L Goldgr
DRILLER: J. Salisbury/S. Walker DATE: 7/7/99




PROJECT: WSDOT/MP 326

PROJECT NUMBER: 993 1467.300

Landslide/WA

RECORD OF BOREHOLE GA-5

BORING LOCATION: Middle line, middle hole

SHEET _4_OF _5_
DATUM: MSL
BORING DATE: 5/5-5/8/99

o
Q SOIL PROFILE SAMPLES PENETRATION RESISTANCE
s _BLOWS/FT PIEZOMETER
w w : GRAPHIC
el 2 o T BLOWS /61N ? 10 B 3 40 %0
| ¢ I i TIN | B WATER CONTENTPERCENT
E g DESCRIPTION o o g w 2 W WATER
] S T3 31 | 1401b hammer 2 Wpb———o0———1 Wi LEVEL
ol a G Z| £| 30inchdrop T 0 20 40 60 80 100
- 90
Very dense, olive brown, stratified, silty fine
Séggig«;et (TRANSITIONAL LANDSLIDE SS 25-30-35 65 0.9/1.5 ad
D
2.25 inch —4
Inclinometer
Casing
95
sS 26-36-32 68 [1.0/1.5
Lime/ —45
Cement
Grout
100
SS 7-14-18 32 |1.51.5 |
:‘a‘
@
c
=3
Q
N
@
2
105 g 105.0": Becomes compact and weakly
< stratified, with increase in silt
o ss 11-12-16 28 [0.2115 |
2
[&]
:
[~ 110
ss 9-12-14 26 |1.3115 =
Stitf to soft, gray, blocky (stiff tohrm) within softer
material, very deformed, SILTY CLAY, , trace
gravel, wet (GLACIOLACUSTRINE LANDSLIDE
DEBRIS)
|~ 115
SS 21-36-50/5 >50 [0.2/1.4
Hard, gray, Eak?stranfled CLAY, trace fine to
coarse, subrounded gravel, moist 23.1
(GLACIOLACUSTRINE DEPOSIT) ss 14-20-30 50 l1.51.5 Py A
27 49
120

DRILL RIG: 2500

DRILLING CONTRACTOR: Crux

DRILLER:

J. Salisbury/S. Walker

CHECKED:
DATE: 7/7/99

LOGGED: JDC/MS

Golder




-?

PROJECT. WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-5

BORING LOCATION: Middle line, middle hole

SHEET _5 OF 5
DATUM: MSL
BORING DATE: 5/5-5/8/99

a
o SOIL PROFILE PENETRATION RESISTANCE
- SAMPLES BLOWS/FT. PIEZOMETER
ﬁ UEJ 10 20 30 4]0- 50 GRAPHIC
w 2 % ELEV. o BLOWS /6 IN. = -
= é DESCRIPTION o | & © tl:;ttj w o h N S WATER CONTENTPERCENT WATER
o Q Q | 140 Ib. hammer
w | S T =) w —_— LEVEL
‘Qa @ 8 | ¢ 3| DEPTH Z| £ 30 inch drop S Wp Wi
— 120 [ -
Hard, gray, weakly stratified CLAY, trace fine to CcL /
coarse subrounded gravel, moist /
i (GLACIOLACUSTRINE DEPOSIT) /
2.25-inch —74
| Inclinometer /
Casing /
[~ 125 / /
21 | S8 11-23-43 66 |1.5/1.
( I | [ as
Hard, gray, massive, SILTY CLAY, little gravel, CL 126.5
i moist (GLACIOLACUSTRINE DEPOSIT) 475
I | Hard, gray, stratified, SILTY CLAY and CLAYEY | CU | T27s |
SILT, trace fine gravel, moist ML / 22| C Core Run 1 N/A (3.2/3.5
.\_(GLACIOLACU TRINE DEPOSIT) = 465
__________ L 128.5
1 Hard, gray, massive, SILTY CLAY, some gravel, ¢ /
moist ?GLACIOFLUVIAL DRIFT)
pRECH I e .
Dense to very dense, gray, nonstratified, fine to . Lime/ —
coarse GRAVEL with some coarse sand and silt, N cémn
[ wet (GLACIOFLUVIAL DRIFT)
[ = 23| C Core Run 2 NA | 1/4
£
)
: 5
<
=
i ® 134.0" Trace silty clay
g .
135 3 24A
o
| £
3
§ Cc Core Run 3 NA | 2/5
X Hard, dark greenish gray, massive, SILTY CLAY, 248
some sand, little fine to coarse gravel, damp 10
{ moist (GLACIOFLUVIAL DRIFT,
Dense to very den—se, gray, nonstratified, fine to
coarse GRAVEL, with some coarse sand and
- 140 trace silty clay, wet (GLACIOFLUVIAL DRIFT) 25A
Very dense, orange brown, fine to coarse sandy N c Core Run 4 NiA | 255
fine to coarse GRAVEL, some clayey siit, moist
i {GLACIOFLUVIAL DRIFT) 258
- 143.0-150.0": Drill action suggests
gravelly soils
145
F Cc Core Run 5 NA | 0/5
L ]
AT
MR A
5 Soil —RrNA
Cave m
AT
A
- A
A
SATAY
WATAY,
{ M
C Core Run 6 NA L 02 m
| fotal depth 150 i bgs N A
I~ 150 150.0
A-axis bearing N 41°W )

DRILLER:

DRILLRIG: 2500

DRILLING CONTRACTOR: Crux

J. Salisbury/S. Walker

LOGGED: JDC/MS
CHECKED:
DATE: 7/7/99




PROJECT. WSDOT/MP 326 RECORD OF BOREHOLE GA-5A SHFET 1-OF 4

Landslide/WA DATUM: MSL
BORING LOCATION: North line, upper hole
PROJECT NUMBER: 993 1467.300 PP BORING DATE: 5/9-5/11/99
a
3 S FILE PENETRATION RESISTANCE
g OIL PROFILI SAMPLES sLowser M PIEZOMETER
il T 10 20 qo' 4 5o GRAPHIC
e 3 % ELEV. o BLOWS /6 IN. =
£z DESCRIPTION o |, § | omn N g WATER CONTENTPERCENT WATER
O | o . hammer LEVEL
a| 8 S| oS PEPTH | 21 Z | s9inchdrop T We wi
R ~175.0 |
° 0.0
Boring was speed drilled to install piezometer. PvC.Su. 27 V
For detailed geologic log see GA-5 . 1.5-inch ~%
1.0. PVC h
Riser
Bentonite _é
| 5 ]
| ]
.
- 10 -
s ]
L . ]
3
g 4
3
<
15 | 2 -
4
[&]
z
- 20 -
4
F 25 —
5/10/99 1
30.0°
BOH |
@115.0'
| 20 .
Log continued on next page
DRILLRIG: 2500 LOGGED: FSMMS i
DRILLING CONTRACTOR; Crux CHECKED: é;f F Golder

DRILLER: HundahVS. Walker DATE: 7/7/99




PROJECT. WSDOT/MP 326
Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-5A

BORING LOCATION: North line, upper hole

SHEET 2 OF _4_
DATUM: MSL
BORING DATE: 5/9-5/11/99

PENETRATION RESISTANCE

o
o ILP
E SOIL PROFILE SAMPLES BLOWS/ET PIEZOMETER
o 5 GRAPHIC
w = 20 30 40 50
il % o BLOWS /6IN. £
E Z DESCRIPTION 0| % 2 w < WATER CONTENTPERCENT WATER
o gl 8 2| & | 1401b. hammer Q W _ LEVEL
o @ 5 ({02 z! £ 30 inch drop @ Wp Wi
30 , , - . ]
Boring was speed drilled to install piezometer. 7
For detailed geologic log ses GA-5 1.5+inch —%
1.D. PVC h
Riser
Bentonite -7/
35 .
40 7]
4
o}
o
=
g J
3
<
o
4 | < 7
S
&
2

50

55

AA ]
99
57.4' |
60 ) i
Log continued on next page
DRILLRIG: 2500 LOGGED: FSMMS i
DRILLING CONTRACTOR: Crux é7 a) Golder

DRILLER: HundahVS. Walker

»




3 4
PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-5A SHEET 2 OF. %
Landslide/WA DATUM: MSL
. BORING LOCATION: North line, upper hole
PROJECT NUMBER: 993 1467.300 BORING DATE: 5/9-5/11/99
(o)
. g SOIL PROFILE SAMPLES PENETR;&C\);I\:;;S%TANCE PIEZOMETER
w g 0 0 0 40 go GRAPHIC
s o |Eev [ o BLOWS /6 IN. E ! 4 3 :
E z DESCRIPTION a %, HES @ o N g WATER CONTENTPERCENT WATER
818 g |&3|oeeth | S| | 4 in_Cha:;:;)er & Wp ; wi LEVEL
|- 60 —
L s
Riser
Bentonite —7/
65 _
2
- 75 g -1
3
g
I
r— 80 -1
- 85 -
-
% 90 -
Log continued on next page
DRILLRIG: 2500 LOGGED: FSMMS i
DRILLING CONTRACTOR: Crux CHECKED: % E Golder
DRILLER:  HundahS. Walker DATE: 7/7/99 Associates




SHEET 4 OF 4
PROJECT. WSDOT/MP 326 RECORD OF BOREHOLE GA-5A
Landslide/WA DATUM: MSL
BORING LOCATION: North line, upper hole
PROJECT NUMBER: 993 1467.300 PP BORING DATE: 5/9-5/11/99
(]
o SOIL PROFILE MP! PENETRATION RESISTANCE
| E SAMPLES BLows/FT. I PIEZOMETER
w w 0
g2 o | ELBV | BLOWS /6 IN. e 0 0 9 o %
o - DESCRIPTION * é 8l w N[ = WATER CONTENTPERCENT WATER
o % Sl 8 DEPTH g o | 140 lb. hammer Q W W Wi LEVEL
8| & R Z| £| 30inchdrop [ P
| 90 T T ]
1, -inch—é |
L.D. PVC
Riser
Bentonite ——%
L 95 _
L 100 ) -
}> 10-20 i
Silica
Sal .
g b o]
g 20PVC ]
> 0.0010
< Siot
L 105 E) Screen _
4
O -
g
- 110 =
|
1| sH Push for 5* 0 i
2 | SH |Push 9" from 112.5" 0 1
1.5-inch — "1 [~ |
1.D. PVC <
Riser T
60.0
- 115 e
Total depth 115 ft bgs {
- 120 -
DRILLRIG: 2500 LOGGED: FSMMS i
DRILLING CONTRACTOR: Crux CHECKED: é;f = Golder
DRILLER:  HundahVS. walker DATE: 7/7/99 Associates




PROJECT. WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-6

BORING LOCATION: Middle line, lower hole

SHEET _1_OF _3_
DATUM: MSL
BORING DATE: 4/29-4/30/99

a
[} SOIL PROFILE PENETRATION RESISTANCE
N E SAMPLES stowser B P'Eég’g&%sn
il 0 20 3 40 80
w : ELEV. e BLOWS /6 IN. =
E % DESCRIPTION lé Wl omn g WATER CONTENTPERCENT WATER
a . hammer
w | © = M _— LEVEL
o @ DEPTH zZ| & 30 inch drop < WP, ) wi
0 93.8 -
Loose, brown, nonstratified, silty fine to coarse PVC Stickup 2.5 feet
SAND, some fine to coarse gravel and cobbles, A+A- Slots @ N4O°W
damp (GLACIOFLUVIAL LANDSLIDE DEBRIS) ]
2.25-inch
Inclino:rr:gter .
Casing e
-[oc;e, brow:nonstratified—,ﬁr:;to?oa; ] 7]
GRAVEL, some medium to coarse sand, trace to Lime/ —F%
little silt, moist (GLACIOFLUV!IAL LANDSLIDE Cement E
BRI Grout
DEBRIS) SS 2-141 1
11.0" Contains trace cobbles ]
ss 5-3-3 ]
z
[}
=] 4
3
Q.
5]
£ - - — - ] ]
z Compact, brown, nonstratified, fine to coarse
3 GRAVEL, some fine to coarse sand, wet
& (GLACIOFLUVIAL LANDSLIDE DEBRIS) 7
g
> ]
£
8 [
S SS 7-7-6 ]
:
Loose to compact, grayish brown, nonstratified,
silty, fine to coarse GRAVEL, some fine to coarse
sand, wet (GLACIOFLUVIAL LANDSLIDE T
DEBRIS)
ss 5-3-5 n i
@26.0": Becomes compact J
Ss 7-11-7 n ]
See description on next page n
Log continued on next page
2500 LOGGED: MS i
DRILLING CONTRACTOR: Crux CHECKED: é;f F Golder
3
S. Walker DATE: 7/7/09 Associates




PROJECT: WSDOT/ MP 326 RECORD OF BOREHOLE GA-6 SHEET 2 OF _3_

Landslide/WA DATUM: MSL
BORING LOCATION: Middle line, lower hole .
PROJECT NUMBER: 993 1467.300 BORING DATE: 4/29-4/30/99
= -
o] IL PR PENETRATION RESISTANCE
| E SOIL PROFILE SAMPLES aLowser B PIEZOMETER
| W 10 20 3 1 co GRAPHIC
il - o | Eev | o BLOWS /6 IN. .
T 9 I w N - WATER CONTENTPERCENT
= ES 1ON o o < WATER
[ DESCRIPT! o1& w 3 W
a g glz8 DEPTH =| & | 140lo.hammer 2 Wpr——o————1W! LEVEL
o| a RO Z| £| 30inchdrop Ho 20 40 80 80 100
30 Compact, grayish brown, nonstratified, silty, fine N
to coarse SAND, some fine gravel, wet
{GLACIOFLUVIAL LANDSLIDE DEBRIS) 4
6 | SS 10-7-6 13 {0.1/1.5 | i
2.25-inch
Inclinolrggter 7]
Casing E
35 —}
N . . . " Lime/ —F
36.0': Sand is predominantly fine to medium Cement b
and gravel is fine to coarse, trace silt Grout
7 | ss 8-7-7 14 [0.6/1.9) | ]
49! - = - — ] I _538 | _
Compact, grayish brown, nonstratified, silty fine SM 40.0
SAND, trace fine to coarse gravel, trace cobbles, R
wet (TRANSITIONAL LANDSLIDE DEBRIS)
8 | Ss 14-10-13 23 [0.5/1.5) | ]
z
@
L J
fud
Q
w
£ s
=
5 3 NOTE: 42.0-52.0": Lithology obtained from B
§ sampling piezometer hole — see piezo log
2 tor detailed soil descriptions
2 9 1
[%]
o
(& ]
: _
____________ S _448 | ]
Very stiff, gray, primarily massive, SILT, with trace | ML 49.0
very faint laminations of very plastic, shiny, SILTY
50 CLAY, moist (GLACIOLACUSTRINE DEPOSIT) N
27.5
____________ | _418 |10} ss 11-18-24 42 1515 ro—i n ]
Hard, gray, massive, SILTY CLAY, wet CL- 52.0 26 39
(GLACIOLACUSTRINE DEPOSIT) CH i
55 —
56.0" 1 inch thick interbed of brown, silty J
fine sand
11 88 9-16-21 37 [(1.511.5 [ ] i
L 27 wi .
24 40
58.0-60.0" drill action suggests sand ]
interbed, brown, fine to medium SAND
60 3 4
Log continued on next page
DRILLRIG: 2500 LOGGED: MS i
DRILLING CONTRACTOR: Crux CHECKED: é;f F Golder
.
DRILLER:  S. Walker DATE: 7/7/99 Associates




PROJECT: WSDOT/ MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-6
BORING LOCATION: Middle line, lower hole

SHEET 3 OF 3

DATUM: MSL

BORING DATE: 4/29-4/30/99

o
O SOIL PROFI PENETRATION RESISTANCE
~ 2 ROFILE SAMPLES BLOWS/FT PIS%OMETER
o ] APHIC
0 0 0 O 50
w g % ELEV. o BLOWS /6 IN. = LA 4 4 1
E-:. % DESCRIPTION a L @ é Wl onn N S WATER CONTENT,PERCENT WATER
& z T8 o . hammer 2 N LEVEL
a2 S o3| PEPTH [ 21 2| 30inch drop T we wi
60 - |
Hard, gray, massive SILTY CLAY, wet CL- .
(GLACIOLACUSTRINE DEPQSIT) CH .
/ .
Ay
- 12 | SS 12-19-32 >50 [1.5/14 | ]
= 2.25-inch -
o 29.8 Incgno;rrﬁter 7
o b — — — — — — e asing B
S | Very dense, dark gray, mottled, nonstratified, fine 64.0
& | tocoarse GRAVEL, some fine to coarse sand,
65 | £ | some clayey sill, moist (SLACIOFLUVIAL DRIFT) T
z
] ]
Q
s
:? 13 | SS 30-50/3 >50 [0.4/1.5 [ 5 |
o
<
[%Z]
o B
(&)
& e —1]
Lime/
I Ce"r:enl 1
Grout
70 70.0": Becomes more brown ] -1
71.0" Becomes mottled gray 7
22.0 14 | ss 37-50/2.5 >50 0.6/1.9 |
Total depth 71.8 ft bgs 71.8 |
Inclinometer installed at 71.5 ft
Groundwater at 13 ft fairly constantly throughout
drilling and at time of installation 3
A-axis bearing N50°W
75 -
80 -
85 —
90 -
DRILLRIG: 2500 LOGGED: MS i
DRILLING CONTRACTOR: Crux CHECKED: é?’f ® Golder
.
DRILLER:  S. Walker DATE: 7/7/99 Associates




PROJECT: WSDOT/ MP 326
Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-6A

BORING LOCATION: Middle line, fower hole

DATUM: MSL

BORING DATE: 5/1/99

SHEET 1 OF 2

.

DRILLER: S. Walker

o)
© SOIL PROFILE PENETRATION RESISTANCE
o | & SAMPLES BLOWS/FT PIEZOMETER
w w 0 10 20 P 4 0 GRAPHIC
W g % ELEV. o BLOWS /6 IN. E
E é DESCRIPTION 8 & o % Wl obh S WATER CONTENT,PERCENT WATER
& g 8 . hammer b W — LEVEL
Q @ 3 | ¢ 3| DEPTH 2| & 30 inch drop 4 W il
~94.0 _
0 See log GA-6 for description. 0.0 a n
Boring was speed drilled to 4.2° bgs.
Continuous sampling was performed from 42.0 3
to 52.' bgs
0 52.' bg PV.C.S.U. 3.4 s lo. <44
Sch. 40 1
PVC
Riser
Bentonite —g
Seal 1
f
10 -
>
D
el -
o
Q
w
£ E
z
]
15| 2 .
S
o
< 4
o
£
w
o
O -4
% i
20 -
25 -
29.46' bgs
6/11/99 h
¥y
30 -1
Log continued on next page
ORILLRIG: 2500 LOGGED: MS i
. A
DRILLING CONTRACTOR: Crux é; £ GOldS‘!r




PROJECT: WSDOT/ MP 326

L andslide/WA

BORING LOCATION: Middle line, lower hole

PROJECT NUMBER: 993 1467.300

DATUM: MSL

BORING DATE: 5/1/99

RECORD OF BOREHOLE GA-6A SHEET .2 OF 2

a
o PENETRATION RESISTANCE
2 SOIL PROFILE SAMPLES BLOWS/ET PIEZOMETER
i I 10 20 3 4 5o GRAPHIC
r g o ELEV. o BLOWS /6 IN. E
Tl =z DESCRIPTION o ;E( a| N | = WATER CONTENTPERCENT WATER
g g 8| 8 DEPTH % o | 140 Ib. hammer Q W LEVEL
ol @ S |oa Z| F{ 30inchdrop o P Wi
L 20 .
15°1D, =4
i Sch. 40 T
pVC
Riser
35 .
Bentonite —‘-/
[ Seal w
10-2
5 Sitica 1
Sand
- 40 -1
I ]
154D,
s Sch. 40 ]
.. | Compact, brown, nonstratified, sitty fine SAND, o 0&:\(/]c|01
@ | trace gravel ranges to SILT, some fine sand, " e
A 2 | moist (LANDSLIDE DEBRIS) 1] 8s 5-4-5 9 pEns screen |
3
&
| £ ]
= 2 S$s 6-8-10 18 [0.6/1.5 [ |
b5
|- 45 é 45.0-46.5" Increase in silt and sand N
3 becomes very fine with lenses (little) of siity
| < fine sand 3 | ss 6-9-14 23 [0.9/1.5 | ]
g
[
<
] 2 1
g 4 {ss 6-11-16 27 (o614 [
ES .
| e 5 | ss 6-11-12 23 [1.5/1.5 | _
Very stiff, gray, massive, SILTY CLAY, with trace (CL-CH - / s
very faint laminations of very plastic, shiny, SILTY | SM - 0 1 SH Push N/A | 66 ]
- 50 CLAY; also contains traces of hard medium sand /(;L-CH 50.0
sized fragments of SILTY CLAY, moist (BASAL 27
i FAILURE ZONE) / 7 | ss| 13172428 | 52 | 2 Lo 1
| Compact, brown, nonstratiied, silty fine SAND, / /
| moist A 420
Hard, gray, laminated, SILTY CLAY, moist 52.0
L (GLACIOLACUSTRINE DEPOQSIT) i
Total depth 52.0 ft
k 55 4
- 60 1
DRILLRIG: 2500 LOGGED: MS i
DRILLING CONTRACTOR: Crux CHECKED: é;f F Golder
3
DRILLER: . Walker DATE: 7/7/99 Associafes




PROJECT: WSDOT/MP 326

PROJECT NUMBER: 993 1467.300

Landslide/WA

RECORD OF BOREHOLE GA-7

BORING LOCATION: West side of Highway 101, MP

326, between GA-6 and GA-9

SHEET _1_OF _2_
DATUM: MSL
BORING DATE: 5/12/99

DRILLER:

S. Walker

DATE: 7/9/99

)

Q
PENETRATION RESISTANCE
N g SOIL PROFILE SAMPLES BLOWS/FT. PIEZOMETER
mll 0 20 o 4 g0 GRAPHIC
u = % ELEV. o« BLOWS/6IN. =
E é DESCRIPTION 9 % o é W aomh N g WATER CONTENT,PERCENT WATER
o . hammer
a 8 8 g 9| DEPTH 2 £ 30 inch drop T Wpl wi LEVEL
[, 31.0 %
—FAiTIQh—ah —————————— — 00 PVC stickup 0.0 feet / /%/
1%
HeaviZi
40 PVC /
Casing / /
____________ N e % T A1
Fim to stiff, gray, SILTY CLAY with some fineto | CL / 3.0 / %
coarse sand and fine to coarse gravel, moist /
(GLACIOFLUVIAL DRIFT) / / & |
. / 6.13 bgs ’; ﬂ
_____________ _ s ess | 6/15/99 /] /
Very dense, dark bluish black, sil Q.0 - A A
oo, gy G ks oy : L 7178
____________ |1 {ss 17-31-41 72 1.5/1.7 ] 1
Very dense, grayish brown, silty sandy, fine to / /
coarse GRAVEL to gravelly SAND, moist / /
(GLACIOFLUVIAL BRIFT) Bentonite | (] -
2] ¢ NA nal o é ?
/
[‘10 10.0': WEATHERED TILL, reddish brown ] ,///
| with increase in clay content 3 c NA NA 0 2 :j
/ /]
4| ss 8-18-52 72 |12 4 /// i
2 ]
g # ﬂ ]
%
E 5| ¢ NA NA [1.514 [ é ]
1%
15 | § o Py
2 ﬂ V]
g “
: /
£ 6| c NA NA | 4355 oy
T % /‘
7
1%
2 44
4
WV
7| c NA NA | 55 ? :;
7l
A
|- 25 '/ /]
8| C 0 é e
NA NA / ]
| / ; ]
| 77
W
o ]
gl ¢ NA NA | 555 / V]
478
|35 9
DRILLRIG: 2500 LOGGED: MS i
DRILLING CONTRACTOR: Crux CHECKED: é7 A Golder




PROJECT: WSDOT/MP 326
Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-7

BORING LOCATION: West side of Highway 101, MP
326, between GA-6 and GA-9

SHEET 2 OF 2
DATUM: MSL
BORING DATE: 5/12/99

o
o SOIL PROFILE SAMPLES PENETRATION RESISTANCE
M - BLOWS/FT. P'gfgyngCER
wl g o 10 20 30 4 80
w o g ELEV. = BLOWS /6 IN. E
E é DESCRIPTION @ & - g T I N S WATER CONTENT,PERCENT WATER
B z T8 3 o . hammer i b\ AR LEVEL
u Q 2 | ¢ 2| DEPTH 2| = 30 inch drop o Wo w
30 ) -
Very dense, grayish brown, clayey silty sandy, 9 9] NA NA | 55 |
fine to coarse GRAVEL to gravelly SAND, moist B?;%Ts / /
(GLACIOFLUVIAL DRIFT) l a1
1.5-inch L
ID.PSV<:<!:1 ]
10 o} NA NA [4.2/44 40 ]
10/20 —1 4
Silica
Sand
15-i!)chv
35 1.D. Sch -
40 PVC
2 0.010
S Slotted ]
_{2 Screen
=
= 1 C NA NA | 2.5/4 E
8
c
«
s i
bl
<
o
£
(g U -
[&] 12 C NA NA 0.7/1.4
w | E . i
13| C NA NA | 2.2/5 T
Bentonite 1
Chips that
t down
into PVC A
lop-caj
cams off as
we were
45 drilling
-14.5 14 | SS 32-50/4 >50 {0.8/0.9 casing —{=/
Total depth 45.5 ft bgs 455 E
50 n
55 7
60 N
DRILL RIG: 2500 LOGGED: MS i
DRILLING CONTRACTOR; Crux CHECKED: % = Golder
Xy

DRILLER: S.Walker

DATE: 7/9/99




PROJECT: WSDOT/MP 326
Landslide/WA

PROJECT NUMBER: 993 1467.300

SHEET _1_OF 2 _
DATUM: MSL
BORING DATE: 5/12-13/99

RECORD OF BOREHOLE GA-7A

BORING LOCATION: West side of Highway 101, MP
326, between GA-6 and GA-9

DRILLER: Hundahi

a
. % SOIL PROFILE SAMPLES PENETR;IIO()va?F[_ET-SlsTANCE P|gg(})\y§leR
i z o | EEv | o BLOWS /6 IN. £ Ll CUBR: RN, SRR
E = DESCRIPTION ” éo ‘é w N & WATER CONTENTPERCENT WATER
1k £ |88 oerms | 5| Elvomiemne || g |
L, 31.0 jl |
Boring speed drilled to install inclinometer. See 0.0 PVC St'ickup 0.0 feet
Log for GA-7 for detailed soils description. A+A- Slots @N88°E /
— / p
§ 2.25-inch —74 :’;
g Inclinometer / E
§ Casing / ;
2 1A
z "y
8 A
: 7
Ls /17
Lime a/ ] |
Cei t
A 2 7 ]
p
717
] |
1%
1%
|
717
- 10 / ; -
1%
A
.
AV
% ]
%
1
Zlz
- 15 a 2 -
" |
.
W
g 1%
S 278
L 20 | T g é—
g7k
“1%
1A T
1%
/ I~ 1
Vs
2
2 / /
L 25 / =
7
00
17k
1%
0 T
0
r ¥
30 -
DRILLRIG: 2500 LOGGED: FSM i-
DRILLING CONTRACTOR: Crux CHECKED: g’f £ Go]d‘er

DATE: 7/9/99




PROJECT: WSDOT/MP 326
Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-7A

BORING LOCATION: West side of Highway 101, MP
326, between GA-6 and GA-9

SHEET 2 OF 2
DATUM: MSL
BORING DATE: 5/12-13/99

[=]
8 PENETRATION RESISTANCE
_ E SOILPROFILE SAMPLES BLOWS/FT. PIEZOMETER
W= 0 20 a0 4 5o GRAPHIC
B2 9 | EEV - BLOWS /6 IN. E :
E|Z DESCRIPTION 2 1&, t‘En’ Y . N g WATER CONTENTPERCENT WATER
T . hammer
a8 8 10 9| DEPTH 2 [ 30 inch drop T We w LEVEL
- 30 p
7SR
N ]
2.25-inch ~— /
Inclinometer i
Casing ? 5
10
Yy
Lime —g ,/ p
Cement /
Grout / /
- a5 i
? é
g 7170
27
g 110
2 ]
B 7
s g //'j 5 ]
i 1%
40 1
217
| 2 ? 1
9]
//j 4
| s -14.0 A
Total depth drilled 45 ft bgs 45.0
A-axis bearing N8g°W
= 50 R
4
. i
o 5
DRILLRIG: 2500 LOGGED: FSM i
DRILLING CONTRACTOR: Crux CHECKED: % F Golder
*
DRILLER: Hundahl DATE: 7/9/99 ASSOCIE\iES




PROJECT. WSDOT/MP 326
Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-8

BORING LOCATION: North line, upper hole

SHEET 1 OF 8
DATUM: MSL
BORING DATE: 5/6-11/99

8 ETRA N
o) SOIL PROFILE PENETRATION RESISTANCE PIEZOMETER
| £ BLOWS/FT. GRAPHIC
w g o 10 20 3 40 50
e bt 2 ELEV. HJ: =
r:—: é DESCRIPTION % © g w < WATER CONTENT,PERCENT WATER
% a Q| oertH | 3| = é wpr———————y LEVEL
o 243.7
i i i 0.0
e Ao tue i being o 7
SAND, some fine to coarse subangular to B
rounded gravel, trace to little silt, ranging to silty 2.25-inch 7
fine to coarse subrounded to subangular SAND Inclinometer
and GRAVEL, moist (GLACIOFLUVIAL Casin / <
DEPOSIT) . / /
Drill action suggests cobbles present as well PVC Stickup 2.6 feet / / J
as interbeds of sand and/or silt with a trace 4 A
of gravel Lime _:/
Cement / p
Grout ? /
5 /2 / -
11]8ss | | /J
2178
L]
0
1 |
/
Y
.
o | = Iy
- 10
2 2170
a % ; |
°
£ 27
Wl
3 i’
Q / g
= V]
£ vy A
5 1
- 15 g ,/A/ / 1
o
g 2 | ss ] 1A ]
H 2V
g "
g 7R
8 %
2 217
T / ]
721
IR
%

L 20 ? L~
A8
1Y
Ak
s
R
715
1A
715

L 25 25.0": Becomes wet K ? -

3 [ 8s ] / ; ]
7
2 a/
L)
7]
L 30 'a ? ﬁ
DRILL RIG: Burley 4500 LOGGED: JOC/FSM i
DRILLING CONTRACTOR: Crux CHECKED: é;f‘ L Go]dgr
DRILLER: HundahlJ. Salisbury DATE: 7/9/99 ASSOCIEIBS




PROJECT. WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-8§  SHEET 2 OF 8

DATUM: MSL

BORING LOCATION: North line, upper hole
BORING DATE: 5/6-11/99

[a)
o PENETRATION RESISTANCE
| E SOIL PROFILE SAMPLES sLows/er i PIEZOMETER
Wl w 10 20 3 @ o GRAPHIC
w (E') g ELEV. o BLOWS /6 IN. E
E é DESCRIPTION 8 o ® Hé w 4Ob.h N S WATER CONTENTPERCENT WATER
= a1 . hammer N — LEVEL
& 2 Sl 9| DEPTH = 30 inch drop T Wp wi
- 30
Compact, brownish orange 1o light olive brown, Lime — /
nonstratified to crudely bedded, fine to coarse Cement /
SAND, some fine to coarse subangular to Grout / / E
rounded gravel, trace to little silt, ranging to silty /
fine to coarse subrounded to subangular SAND A 4 / /
3 and GRAVEL, moist (GLACIOFLUVIAL 31,'bgs/ / 4
DEPOSIT) BOH@S1.0' / /
A0
1%
219
; ]
— 35 2.25-inch | ]
4 | ss 11-23-16 39 o414 J firviond
0
_ 0 |
19
o1
©
g ; A
3 AV
L o s - — — — ] - % 1
% | Very dense, light olive brown, silty fine to coarse /
< | SAND, little fine to coarse subrounded to r/ /
- 2 | subangular gravel, moist to wet / /‘ E
@ | (GLACIOFLUVIAL DEPOSIT) / /
(&)
g 42.0-43.5" Boulder ? ? b
21
. 2178
% ]
[~ 45 d //‘; T
5 sS 18-26-28 54 10.5/1.9 -—p / / R
| ]
| 2178
[(Very donss, i brown, gt alve trown, oive | - Z17B
gray and light olive, crudely stratified, subangutfar /
to rounded fine to coarse GRAVEL, some fine to / /
coarse sand, trace to little silt to clayey silt, varies / i
i to fine to coarse SAND and fine rounded / /
GRAVEL, contains thin interbeds of SILT to ] [
CLAYEY SILT, trace cobbles observed, iron oxide / n
[~ 50 stained in places, moist to wet (GLACIOFLUVIAL /
DEPOSIT) //x ;
0
! 7/ 11
7R
5A o] NA NA [1.5/59 / /
]
giZn
- 5 25.0": Becomes wet Z ? —
2 ]
8 Al
: Y
I 6 | ss 32-50/3 >50 |0.51.75 //; é i
6A | C NA NA | 0.5/2 7/ é J
1%
| ¢ NA NA |15/34 ? 1
% ]
™ 60 / / =

DRILLER:

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux

Hundahl/J. Salisbury

LOGGED: JDC/FSM

CHECKED: Gold,er

DATE: 7/9/99




PROJECT: WSDOT/MP 326

RECORD OF BOREHOLE GA-8

SHEET 3 OF _8

Landslide/WA DATUM: MSL
BORING LOCATION: North line, upper hole
PROJECT NUMBER: 993 1467.300 BORING DATE: 5/6-11/99
5 :
o PENETRATION RESISTANCE
z SOIL PROFILE SAMPLES gLowser M PIEZOMETER
i I " % 5o GRAPHIC
il I o x BLOWS /6 IN. -
| 2 DESCRIPTION a 8! W Z WATER CONTENTPERCENT WATER
515 g 8 = | a | 140Ib. hammer (¥ LEVEL
> N w wi
o o o d z| £ 30 inch drop o
g0 Very dense, olive brown, fight olive brown, olive Lime —{/
gray and light olive, crudelé stratified, subangular Cement
to rounded fine to coarse GRAVEL, some fine to 6B | C NA 1.5/3. Grout / 1
coarse sand, tracg t?q :i)ttle (Sjll} to clayec)j' .'scijlt, varies L / Py
to fine to coarse SAND and fine rounde:
GRAVEL, cont:ins thin interbeds of SILT to 7188 40-5014 0.8/0 7/ / i
CLAYEY SILT, trace cobbles observed, iron oxide 4
stained in places, moist to wet (GLACIOFLUVIAL 7A| C NA 0.7/0.7 / /
DEPOSIT) é A
63.0": Varies to GRAVEL with a trace of sand / /’; |
N / /
o Recovery / /
A ]
Casiny / &
715
P
715
SIZR
9%
7| € NA 0.5 A0
%
g
70 L1
v
2478
% Py
8 | ss 5-48-50 0614 - % r; 1
4 73.0-76.0": Contains some silt ; / E
8 s
g / g |
9] c NA s (] )
giZ8
75 / /
Ak
2178
4 L]
o
10| C NA /4 / '//’
7178
" 7178
2178
; [
]
717
17K
4 ]
4 ]
i A4 ]
85 g NOTE: Sampling was not performed from / / -
i B ~80 to 93 ft due to drilling problems 7]
< (heave/slough in casing, loss of drill fluids) / /
2 111
©
& 719
[e] 1 4
I ? ?
g y/ |
215
| 90 / 1] -
Log continued on next page J /

DRILLRIG: Burley 4500

DRILLING CONTRACTOR; Crux
DRILLER: Hundahl. Salisbury

CHECKED:
DATE: 7/9/99

LOGGED: JOC/FSM

Goldg:r




PROJECT: WSDOT/MP 326
Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-8

BORING LOCATION: North line, upper hole

SHEET _4 OF _8_
DATUM: MSL
BORING DATE: 5/6-11/99

o
PENETRATION RESISTANCE
g SOIL PROFILE SAMPLES BLOWS/FT. .AN PIEZOMETER
= = .
Wl 3 20 3 4o g0 GPAPHIC
[ o % o BLOWS /6 IN. £
z E4 DESCRIPTION o | % & w N < WATER CONTENT,PERCENT WATER
a | & o | g =| a | 1401b. hammer Qo
] o] @D = ; o] Wi LEVEL
a & 5|0 Z| £ 30 inch drop o
90 N N
Very d , olive b , light olive b , oli ima —|
gray and ight olive, crudely stratfied, subanguiar comen T 1]
to rounded fine to coarse GRAVEL, little to some Grout / i
fine to coarse sand, trace silt to clayey silt, varies / /
to fine to coarse SAND and fine rounded / /
GRAVEL, contains thin interbeds of SILT to / 4
CLAYEY SILT, trace cobbles observed, iron oxide / /
stained in places, moist to wet (GLACIOFLUVIAL /
DEPOSIT) ? A
2.25-inch ;
""'ga";'i:;m / / J
95 L 4 2 _
1 SS 45-50/5 >50 | 0/0.9
7
o
WA
? ;
ZIZ8
¢ ]
12| sS 27-38-50 gg [1.0/19 [ / //ﬁ i
. ]
3 / /A
2 ] |
”
2 # ?
g - - — — — — — — — - ]
& | Very dense, light olive to olive brown, intebedded, / / E
& | faminated, tine SAND, trace to little silt, fine to /
I medium SAND, some subangular to rounded fine /
105 to coarse gravel, trace silt, and fine sandy SILT, ﬁ / -
with laminae of SILTY CLAY, contacts aré sharp /‘
to gradational, wet /
(GLACIOFLUVIAL/GLACIOLACUSTRINE / p
TRANSITIONAL DEPOSIT) / ///
0N
7y
A 1A
1%
7178
’ ]
110 \ ; 2 _J
13| ss 22-29-35 64 |0.8/14 r ?/ ﬂ 1
a4
al
0
s 7 9
g 5 -
? Z |
120 Log continued on next page ]

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux
DRILLER: HundahlJ. Salisbury

LOGGED: JDC/FSM

CHECKED:
DATE: 7/9/99

Goldg:r




PROJECT: WSDOT/MP 326

PROJECT NUMBER: 993 1467.300

Landslide/WA

RECORD OF BOREHOLE GA-8

BORING LOCATION: North line, upper hole

SHEET 5 OF 8
DATUM: MSL
BORING DATE: 5/6-11/99

DEPTH FEET
BORING METHOD

SOIL PROFILE

SAMPLES

DESCRIPTION

GRAPHIC
LOG

NUMBER

TYPE

BLOWS/6IN.

140 Ib. hammer
30 inch drop

O

PENETRATION RESISTANCE
BLOWS/FT.

10 20 0 g GRAPHIC

REC/ATT

WATER CONTENTPERCENT WATER
wor——— LEVEL

-
n
(=]

Very dense, light olive to olive brown, intebedded,
laminated, fine SAND, trace to little silt, fine to
medium SAND, some subangular to rounded fine
to coarse gravel, trace silt, and fine sandy SILT,
with laminae of SILTY CLAY, contacts are sharp
to gradational, wet
(GLACIOFLUVIAL/GLACIOLACUSTRINE
TRANSITIONAL DEPOSIT)
120.0-125.0": Drill action suggests drilling
through SAND with some gravelly interbeds,
cont. good fluid returns with SILT and fine to
medium SAND, olive brown color

125.0-130.0" As at 120-125, with some clay
on bit

Very dense, light olive, laminated to faintly
interbedded, fine SAND, trace to little silt, ranging
to fine sandy SILT, contains very thin (< 1mm),
laminae of silty CLAY to CLAY, wet
(GLACIOFLUVIAL/GLACIOLACUSTRINE
TRANSITIONAL DEPOSIT)

19-28-50

78

0.9/1.9

130

HQ Casing Advancer

135

140

145

See description on next page

Lime —
Cement
Grout

2.25-inch
Inclinometer

Casing

PIEZOMETER

29-50/4

0.6/0.9

16 | SS

34-50/5

>50

0.2/0.9

150

Log continued on next page

NN N N N N N A N A A N A N N N N O N N N AN N A A N AN N N N N N N N NS NS SIS IIISISOESINNSANEENISENINANN]
A

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux
DRILLER: HundahlJ. Salisbury -

LOGGED: JOC/FSM

CHECKED:
DATE: 7/9/99

B




PROJECT. WSDOT/MP 326

RECORD OF BOREHOLE GA-8

SHEET 6 OF 8

Landslide/WA DATUM: MSL
BORING LOCATION: North line, upper hole
PROJECT NUMBER: 993 1467.300 » PP BORING DATE: 5/6-11/99
[=]
PENETRATION RESISTANC
2 SOIL PROFILE SAMPLES BLOWS/;S B leezomeren
- | F .
wl g 10 20 3 40 5o GRAPHIC
gz 9 | Flev « BLOWS /6 IN. E :
E £ DESCRIPTION Q1% ‘é 9 | 14010 pammer N z WATER CONTENTPERCENT WATER
= . LEVEL
818 % |G Q| DEPTH | 2 30 inch drop & Wp wi
[~ 150 Very d light ol to dark ish FAV,
e lense, olive gray to dari reenis ray, -
laminatod. Sil, fine SAND and sandy SILT, wet 7| ss 82:50/5 >50 10509 VA
(GLACIOFLUVIAL/GLACIOLACUSTRINE 1
TRANSITIONAL DEPOSIT) ¢ 1
GIZR
Lime —; / i
Cement / /
Grout / ?
© .2._ -inct
(= .
s %
& ) ,’?
g [ % )
I / p
7 |
- 160 /
18 | S8 42-50/4 >50 | o0r10 % ]
/a’ :
ga
a1
7’8
% ]
- 165 % ]
19| 85 38-50/4 >50 10.5/0.9 | 24 / ;f:
0]
? ’//1 |
a8
20| ¢ NA NA [1.8/5.0 0/ )
Hard. liaht ofive arav o olive aray. aminated o | T - //—
ard, light olive gray to olive gray, laminated to ML- 7 169.0 /
massive and jointed, SILTY CLAY to CLAY, trace | CL d / /
scattered sand, gravel, and cobbles (dropstones) ard -
[~ 170 from approximately 169 ft to 171 ft, trace medium 7 /
to coarse sand in 1-inch to 2-inch interbeds iy / /
between 2186 ft and 221 ft, moist to damp L /J
(GLACIOLACUSTRINE DEPOSIT) g [
pﬁerzdsataffrom Sample 20 — Sample 31 ,; ra ? & 1
all >4.5 tsf ) v,
wR
vy
o A 21| ¢ NA NA | 55 /// y
g % é .
i /
- 175 Z, /// ? ﬂ |
i Z% ﬁf ]
| 7 712
o AR
= 2158
st 2| c NA NA | 45 %
a4 /
Z 7h
2 % %
- 180 e / 75
Log continued on next page
DRILLRIG: Burley 4500 LOGGED: JOC/FSM i
DRILLING CONTRACTOR: Crux CHECKED: é;f E Golder
DRILLER: HundahtdJ. Salisbury DATE: 7/9/99 Associates




SH 7 OF_8
PROJECT WSDOT/MP 326 RECORD OF BOREHOLE GA-8 EET 7.0
Landslide/WA DATUM: MSL
. BORING LOCATION: North line, upper hole
PROJECT NUMBER: 993 1467.300 BORING DATE: 5/6-11/99
o
. % SOIL PROFILE SAMPLES PENETR;‘I:)?IL‘ST'TEr?‘iTANCE PIEZOVETER
I Q | eev | g BLOWS /6N, £ b LR U N N
E g DESCRIPTION 9 § o é 1 140 1o hamm N S WATER CONTENT,PERCENT WATER
818 2169 oePTH | 21 2| soinen droper s Wp J wi LEVEL

[~ 180 P
Hard, light olive gray to olive gray, laminated to ML- pEy /—F 22 | ¢ NA NA | 45 Ctkr;\‘aen‘ /

’» massive and jointed, SILTY CLAY to CLAY, trace | ¢t P Grout ,/ |
scattered sand, gravel, and cobbles (dropstones) / /
from approximately 169 ft to 171 ft, trace medium P / /
to coarse sand in 1-inch to 2-inch interbeds A
between 216 ft and 221 #, moist to damp s ﬂ / T
(GLACIOLACUSTRINE DEPOSIT) v : / /

o 23| c NA NA | 45 ?' :// ]
]
% /)
- 185 2.25-inch / ”"_//~
Inclinometer—
Casing é /
/ ]
Z178
%
r AR
241 ¢ NA NA | 55 ///: L]
9
[~ 190 ? ; k
]
Py 24A] sS 20-50/6 >50 | 11 % ?
% ﬁ 1
__ ’ 71
A | ¢ NA NA | 44 ey
: - 244
- 195 | o 27 /% L]
I % 10
W
77 ] ] -
2] 26| C NA NA | 55 i 4
7 9m
- 200 2 ] L]
v
L oy
;f;‘_' 27| ¢ NA NA | 55 g 2 ]
F v g h
vald ;f/ ?
= 205 L ] 1]
o 7178
7 )
oo 72178
7 2 ;,’
% 2| ¢ NA NA | 5f5 % ? 1
/
7 7 2 .
N 2 1A
210 Log continued on next page / /
DRILL RIG: Burley 4500 LOGGED: JDC/FSM i
DRILLING CONTRACTOR: Crux CHECKED: gﬁ JE Golder
DRILLER: Hundahl/J. Salisbury DATE: 7/9/99 L/ i




Landslide/WA

PROJECT. WSDOT/MP 326

PROJECT NUMBER: 993 1467.300

BORING LOCATION: North line, upper hole

RECORD OF BOREHOLE GA-8

SHEET _8 OF 8 _
DATUM: MSL

BORING DATE: 5/6-11/99

a
Is) PENETRATION RESISTANCE
Q SOIL PROFILE SAMPLES ] PIEZOMETER
[l I BLOWS/FT. GRAPHIC
0 0 0 40 50
w g o | Eev « BLOWS /6 IN. £ X 4 & :
E % DESCRIPTION 8 % - § ,&J 140 1b.h N g WATER CONTENT,PERCENT WATER
a Z T8 . hammer 2 W _ LEVEL
ol @ S| o3| PEPTH [ 21 = | a0inch drop 4 Wp wi
[ 2 Hard, light olive gray to olive gray, laminated to 81 ¢ NA NA | 55 Lime — s
massive and jointed, SILTY CLAY to CLAY, trace Cement [
[ scattered sand, gravel, and cobbles (dropstones)
from approximately 169 ft to 171 ft, trace medium /
to coarse sand in 1-inch to 2-inch interbeds /
between 216 ft and 221 ft, moist to damp ] [
(GLACIOLACUSTRINE DEPOSIT) /
[ 2| ¢ NA NA | 35 % ?
[~ 215 2.25-inch j ?
inclinometer V ?
[ Q ﬁ
o 1%
8 Y
g )
I | c NA NA | si5 ? V
[ 220 f;;;
| 31| C NA NA | /5 ; 2
[~ 225 =
+ LA 177
Boring terminated 226 ft bgs 226.0
5
[~ 230
T 235
[~ 240
DRILL RIG: Burley 4500 LOGGED: JDC/FSM i
. . A
DRILLING CONTRACTOR; Crux CHECKED: é; £ GOI(IEI‘
DRILLER:  HundahlJ. Salisbury DATE: 7/9/99 Associates




PROJECT: WSDOT/MP 326
Landslide/WA

RECORD OF BOREHOLE GA-8A

SHEET _1_OF 6 _

_ DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: North line, upper hole BORING DATE: 5/11-12/99
Q
_ :J_? SOIL PROFILE SAMPLES PENETR;IlOC‘)ICISl;EISISTANCE PIE%%MHEFCER
ﬁ % Q ELEV x BLOWS /6 IN. E 10 20 ¥ 40 Y
E E DESCRIPTION 8 é © lél a 140 b, hammer g WATER CONTENTPERCENT WATER
al8 2| GQ| PEPTH | S| = pien diop ot WL,_.__ALL__, Wi LEVEL
L ~224.0 [ |
Boring speed drilled to install piezometer. See 0.0 PVC sltickup 2.3 feet 9
log for GA-8 for detailed soil descriptions. 1.6-inch /
ke 0]
1 2 ]
Bentonite Q{/
T
1]
; ]
y A28
7
I % 1
07
| A
/] ,é _
L 10 " 78
1%
SR
Yy
Ah
7178
o\
g 10+
L | 3 7R
7
5
I ]
T ’/// ?
9
| Ah
_ a’ ﬂ |
1~
- 20
2l
| 0
0
| ]
9\
07
25 715
i 174
az
2178
]
o
| 7
| ? R
/% y
[ 10
Log continued on next page =

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux
DRILLER: J. Salisbury/Hundah!

LOGGED: JDC/FSM

CHECKED:
DATE: 7/9/99

?-w
&




PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-8A SHFET -2.OF.6.

Landslide/WA . DATUM: MSL
PROJECT NUMBER: 993 1467.300 BORING LOCATION: North line, upper hoie BORING DATE: 5/11-12/99
(o]
i % SOIL PROFILE SAMPLES PENETRQI(’;:‘;?‘E“”# PIEZOWETER
i > o | EEV | ¢ BLOWS /6 IN. £ 10 U S, N
E EZE DESCRIPTION %) éa § w N N S WATER CONTENTPERCENT WATER
38 8168 oerm | 31 F| Soiorwey || B| W | O®
- 30
_ ]
R 78
1ser / /
0 T
Bentonite —7// / |
L]
07
! 27
: ]
27k
g 10
g A0
<
g ? ? ]
3 AR
S g
- 40 = ;// %
L 2
15N
1%
0
A1 ]
217
1%
10
1%
L, Ve
5 L %
2158
1%
]
101 1
217
10
1%
0 ]
217
¥
- 50 o 4
N A1
| A
0]
g /// ?’ 1
A8
978
]
7 |
%
g
’4 i
7R
v
. A 7178
Log continued on next page A
DRILLRIG; Burley 4500 LOGGED: JDC/FSM i
DRILLING CONTRACTOR; Crux CHECKED: , Golder
DRILLER: - Salisbury/Hundaht DATE: 7/9/99 ’ ASSOClaIES




PROJECT: WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-8A

BORING LOCATION: North line, upper hole

SHEET 3 OF 6
DATUM: MSL
BORING DATE: 5/11-12/99

. g SAMPLES PENETR;I(I)OWNS':EKSISTANCE PIE%%ME})ER
)3 2 « BLOWS /6 IN. e L % 0
El oz DESCRIPTION o | %, é w < WATER CONTENTPERCENT WATER
5| 8 58] oorm | 5 B[ onyee= | | §
60 e
[ |
lv%iser :; ?
] ? .
Bemoni(e—;/ ]
7
A0
217
65 4 7B
9y
0
z17
215
0
1%
1A
717
2R
]
o 0
a7
/ J
9Y
A7
g ? |
R
s | 2 ’_f & |
£ AR
1 BOH@ 105 / vy
[+ / / ]
9 7\
10 1
1%
W
a1
A
80 % ;:‘ ]
717
0
1%
1%
15
219
110
717
110
1%
A0
85 7 / i
2A78
i
1A
o1
10
7178
- a1
Log continued on next page A /
DRILLRIG: Burley 4500 LOGGED: JDC/FSM
DRILLING CONTRACTOR: Crux é7,3 E Golder
DRILLER: J- Salisbury/Hundahl =4 'Associates




PROJECT. WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-8A SHEET 4 OF. 6

DATUM: MSL

BORING LOCATION: North line, upper hole
BORING DATE: 5/11-12/99

8 SOIL PROFILE SAMPLES PENETRATION RESISTANCE
- | E st B PIEZOMETER
b %J o | EEV | ¢ BLOWS /6 IN. E L SOLCLT q s SAHE
Z| 2 DESCRIPTION @ é a8l N = WATER CONTENT,PERCENT WATER
% § § 5% DEPTH § ‘E 1;%:?};:3;(19' g wor———H——— LEVEL
90
"/‘ 4
T
1%
2150
Bentonke__/ /
10
717
11 |
o
95 2’;_
#
o
10
7
0]
100 f/’: ] ]
L~
717
0
71y
11
0
0
217
5 i
11
105 % g f a
£ 715
o / ]
o oY
I ,'// / |
s
1%
7
Rzl 1
=5zl
110 ] ] 1
71
0
0
2158
717
s
0
1Y
7
L]
115 g& .
07
] ? 1
)
v
7
10
0 Log continued on next page -// /

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux
DRILLER: J. Salisbury/Hundahl

LOGGED: JOC/FSM

CHECKED: Golder

DATE: 7/9/99




PROJECT: WSDOT/MP 326

RECORD OF BOREHOLE GA-8A SHEET 3 OF.&

Landslide/WA oRI DATUM: MSL
. BORING LOCATION: North line, upper hole
PROJECT NUMBER: 993 1467.300 BORING DATE: 5/11-12/99
Q
i ‘,:f SOIL PROFILE SAMPLES PENETR;I:)O\:;;?%TANCE PIEZOMETER
vl B GRAPHIC
& g © | ELEV o BLOWS/ 6 IN. E 0 P P 40 ¥
Elz DESGRIFTION 2 éw § l omn N < WATER CONTENTPERCENT WATER
a8l 8 3 |G G| DEPTH | 2 > S%ir;chac:r:ronper & Wp Wi LEVEL
120 F AT
1.5-inch—;Z |
Y
Benlonite#k ? |
L]
]
g
125 1
a
10
219
11
A
A0
a7
) ]
130 ﬂ ? u
A
2170
7
% I
-
i 27
135 é 10/20 —:.‘
2 Silica
.2 Sand
o
=y
140
145
1.5-inch —
I.D. PVC
150 0.010 Slot |~
Log continued on next page screim

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux
DRILLER:; J- SalisburyHundah!

LOGGED: JDC/FSM i
. A
CHECKED: é7 FGolder

DATE: 7/9/99 L7 Associates




PROJECT: WSDOT/MP 326

RECORD OF BOREHOLE GA-8A

SHEET 6 OF 6_

Landslide/WA DATUM: MSL
' BORING LOCATION: North line, upper hole

PROJECT NUMBER: 993 1467.300 » PP BORING DATE: 5/11-12/99

a

8 SOIL PROFILE MPLE PENETRATION RESISTANCE
- SAMELES BLOWS/FT. PIEZOMETER
w u 0 0 0 40 0
|z © | ELev T BLOWS /6 IN. E L 2P X
= DESCRIPTION ” § B N | & WATER CONTENTPERCENT WATER
5| g B |%8| pepry | S| & | 1401b hammer 2 W Wi LEVEL
o | & Sloa 2| £ ! a0inchdrop & P
150
155

g

&

3

LS

=]

£

@

o

o

I
160
165

75.0
Boring terminated 169 ft bgs 169.0

170 _1
175 _
180 {

ORILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux
DRILLER: <. SalisburyHundaht

LOGGED: JDC/FSM

CHECKED:
DATE: 7/9/99

J As

Golder




' ' SHEET _1_OF _2
PROJECT WSDOT/ MP 326 RECORD OF BOREHOLE GA-9
Landslide/WA DATUM: MSL
BORING LOCATION: North line, lower hole
PROJECT NUMBER: 993 1467.300 BORING DATE: 5/3-4/99
o]
o SOILP PENETRATION RESISTANCE
P dcal SAMPLES sLows/FT. B PIEZOMETER
w w c
o g | ELev « BLOWS /6 IN. E 10 2% 40 P
E é DESCRIPTION 8 l}( © é w 140 Ib. hammer N S WATER CONTENTPERCENT WATER
uOJ 8 g % 9| DEPTH % [ 30 inch drop % Wp wi LEVEL
| 65.6
o} Loose, brown, nonstratified, silty fine to coarse PVC Stickup 2.3 feet :/ Q
SAND with s fine to coarse gravel, d . oW .
(GLACIOFLUVIAL LANDSLIDE OEBRIS) Ath- Slots @ NaSW 2.251inch ‘7/4_ ]
Inclinometer /
Casing
717
v
Lime—/
Cement /
Grout / ://‘
/
_5 - ) 91
Loose, grayish brown, nonstratified, fine to coarse / /
GRAVEL, some medium to coarse sand, trace / ?
fine sand, trace silt, moist (GLACIOFLUVIAL
LANDSLIDE(E)EBIF!IS) ss 6-5-4 9 |ons n ? ;
0
7
7\
! 719
10 / /
1
11.0": Becomes compact / ?
ss 5-8-10 18 [0.4/1.5 | ;é
717
1%
o 1%
sl ___ 1 p v
§ ’—Compact. grayish brown, nonstratified, fine to / ?
| 3 coarse GRAVEL, some fine to coarse sand, some / /
15 § | sit wet (GLACIOFLUVIAL LANDSLIDE DEBRIS) [ %
2 1
2 %
& s 5-5-11 16 fo.25/1. n é (4
5 717
T
}‘ 18.0" Increass in silt K/ ?
ss 9-7-5 12 {0513 | 5: %
# ]
- 20 e —————— /;//
Compact, brown, nonstratified, silty fine SAND, /
trace fine gravel, wet (TRANSITIONAL / &
LANDSLIDE DEBRIS) / / T
Ss 6-8-6 14 p2si. "] /J [
A0
717
0
"
7\
72
|- 25 ,{A’ /
26.0" Becomes loose /
7Y
27.0-29.0" Possible void ss 4-2:3 5 1519 N ; 9/
71
72l
0
0
| o1
Log continued on next page /]
DRILLRIG: 2500 LOGGED: MS i
DRILLING CONTRACTOR; Crux CHECKED: % - Golder
DRILLER: S. Walker DATE: 7/9/99 Associates




PROJECT. WSDOT/ MP 326

PROJECT NUMBER: 993 1467.300

Landslide/WA

RECORD OF BOREHOLE GA-9

~ BORING LOCATION: North line, lower hole

SHEET _2 OF 2
DATUM: MSL
BORING DATE: 5/3-4/99

DEPTH FEET

BORING METHOD

SOIL PROFILE

SAMPLES

DESCRIPTION

ELEV. BLOWS /6 IN.

140 Ib. hammer

DEPTH 30 inch drop

Uscs
GRAPHIC
LOG

NUMBER

TYPE

PENETRATION RESISTANCE
BLOWS/FT.

20 3 40

PIEZOMETER
50 GRAPHIC

REC/ATT
o

WATER

WATER CONTENTPERCENT
—_—N
LEVEL

W) Wi
EO 40 60 80 100

1
(4]
(=]

&

F55

- 60

HWT Casing Advancer/Tricone

Compact, brown, nonstratified, silty fine SAND,
trace fine gravel, wet (TRANSITIONAL
| LANDSLIDE DEBRIS) /

Stiff, gray with greenish brown mottling, stratified,
SILTY CLAY, moist to wet within laminations,
deformed material, hard clasts within softer
matrix, trace gravel at 31.0 ft, trace fine sand
from 30.5-31.0 ft, wet fractures between
laminations from31.4-31.8 ft, material in fraclures,/
broken, blocky (GLACIOLACUSTRINE
LEANDSUDE DEBRIS)

Hard, light gray, weakly siratified, SILTY CLAY,
moist (GLACIOLACUSTRINE DEPOSIT)

_Hard, Ii& g?a_y, n_onsgﬁﬁed, a_T.-moisT T
(GLACIOLACUSTRINE DEPOSIT)

to coarse SAND, some fine to corse subrounded
gravel, wet (GLACIOFLUVIAL DRIFT)

Very dense, light gray, cobbley fine to coarse
subrounded GRAVEL, wet (GLACIOFLUVIAL
DRIFT)

trace fine subrounded gravel (dropstones), moist
{GLACIOLACUSTRINE DEPOSIT)

Very dense, light clive to reddish brown,
nonstratified, silty fine to coarse SAND, little fine
to coarse subrounded gravel, moist
(GLACIOFLUVIAL DRIFT)

55.5" Increase in gravel and becomes
subrounded to subangular

1851 {
30.5

Push

NA

1.5/1.7

321
335

12-20-37

57

1.5/1.9

11-20-27

47

1.5/1.9

50/6

>50

0.5/0.9

ML | 41
SM

515 " 8S 10-40-50/3

>50

1.28/
1.25

12 | 8s 9-23-50/3

8.6

>50

1.25/
125

2.25-inch
Inclinometer ~}
Casing

T

RN T T T T T T T T T ST T T T T Tt ST R SR SRR,

Lime —
Cement
Grout

-123 37

28.7
HO—
26 44

Al A G A G G GETETE EHHTH ARG GHTHTET T T T T T T TS T T T TGttt t SRR Y

I

Boring terminated at 57.0 ft bgs

A-axis bearing N71°W

57.0

DRILLER:

DRILLRIG: 2500

DRILLING CONTRACTOR: Crux

S. Walker

LOGGED: MS

CHECKED:
DATE; 7/9/99

:
5




PROJECT. WSDOT/ MP 326 RECORD OF BOREHOLE GA-9A SHEET _1 OF 2

Landslide/WA DATUM: MSL
BORING LOCATION: North line, lower hole
PROJECT NUMBER: 993 1467.300 BORING DATE: 5/4-5/99
o
o s PENETRATION RESISTANCE
g E OIL PROFILE SAMPLES sLowser P‘EE%EFCE“
"
ol = Q | ELEV o BLOWS /6 IN. E 10 GO 10 Y
|2 DESCRIPTION ” é © § w N g WATER CONTENTPERCENT WATER
o I3 a | 140 tb. hamm W
g 8 g g 9| DEPTH % [ 30 inch droper % Wp \ wi LEVEL
o ~66.0 i
’_ Speed drilled boring to install piezometer. See 0.0 PVC Stickup 2.6 feet Concrete —HTJ
log for GA-9 for detailed soil description. N
Foqle
N ~
Bentonite —2 é )
| 0
7R
i 0
5 1.5-inch —é /
1.D. Sch /
e A1
719
%0
1%
7R
1%
0 ]
1%
ZI%8
- 10 /
914
] o
%
10
1y
2178
2 % ]
H A
S # g
@D
L 15 : ’ 7 ;
2 104 |
2 1 0
7 oy
1] Iy ]
5 7 ,//,
T L l |
10/20_-'
Silica
Sand
- 20
15inch —F-
1.D. Sch i
40 0.010
Skt PVC
Screen
A4y
23.26' bgs|
6/15/99f"
- 25
L 30
Log continued on next page
DRILLRIG: 2500 LOGGED: MS i
DRILLING CONTRACTOR: Crux CHECKED: % E Golder
DRILLER: S. Walker DATE: 7/9/99




PROJECT. WSDOT/ MP 326 RECORD OF BOREHOLE GA-9A SHEET .2 OF 2

Landslide/WA DATUM: MSL
BORING LOCATION: North line, lower hole
PROJECT NUMBER: 993 1467.300 ’ BORING DATE: 5/4-5/99
o
o) SOIL PROFILE SAMPLES PENETRATION RESISTANCE
el E Lows/F1 B PIEZOMETER
0 0 9] 40 50
w2 © | ELEV T BLOWS /6 IN. E L 4 i :
E z DESCRIPTION LT § Wl onn N < WATER CONTENTPERCENT WATER
g i T 3 o . hammer b Rl LEVEL
Q o % | o Jf DEPTH 2 30 inch drop o W wi
30
10/2
Silic:
* 1] ss 2-4-5-7 12 |1.5/24 | San
34.0
Boring terminated at 32.0 ft bgs 32.0
Installed piezometer screen from 20.0-30.0 ft; h
sand from 18.0-32.0 ft; bentonite seal from2.0-
18.0 ft; concrete with above ground monument
i
TOC is approximately at ground surface
35 1
40 -
4
L
(=4
3 i
S
@
45 | 2 ﬂ
o
8
< 4
g
o
23
O ]
% 1
50 -
1
55 | -
60 ! -
DRILL RIG: 2500 LOGGED: MS i
DRILLING CONTRACTOR: Crux CHECKED: é;é F Golder
3
DRILLER: S. Walker DATE: 7/9/99 Associates




PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-10 SHEET 1. OF.%

Landslide/WA DATUM: MSL
BORING LOCATION: North plus line, upper hole :
PROJECT NUMBER: 993 1467.300 P PP BORING DATE: 5/13-14/99
5 PENETRATION RESISTANCE
g SOIL PROFILE SAMPLES sLows/r M PIEZOMETER
51 B o o o o o GRAFHIC
w 3 6] ELEV. @ BLOWS /6 IN. t L 3 = 4
E é DESCRIPTION 0 é © § w b N g WATER CONTENTPERCENT WATER
O a 140 ib. hammer 3&
g 8 g 6 9| DEPTH :Z> F 30 inch drop &J Wp wi LEVEL
L ~180.0 .
Loose to compact, light olive brown to dark / v
Freto cosrey SAND: THie o some i o cosrse PR 2250k V]
subrounded to rounded gravel, trace silt, varies A+A- Slots N52°W lrmciinometev —7£'
to fine to medium SAND; trace silt, moist Casing / /
(GLACIOFLUVIAL LANDSLIDE DEBRIS) /j / b
9
1A
Cla;lr;\n:nt__// /
Grout E
o
- 5 / / -
1 SS 1-1-4 5 lo7iqd W é
2%
278
% /]
r o9
218
., 9
2 | ss 2-5-4 9 {0.6/15 | ? //; ]
74 |
v
o0
_ 47
- 15 § / / -
g 3 | ss 6-7-7 14 |0.815 u iy 4
< / |
> o1y
5 [
(8} / /‘ 1
2 "7
z % ; :
2158
%
20 % / |
4 sSs 11-11-12 23 (0919 | é ? |
//’ /]
! AV
91
Za
10
T a1
L 25 1% -
717
5 | ss 4-45 9 |0.711.5 / /// ]
7
_____________ 7178
See description on next page / /
g 6 ]
- 30 /
Log continued on next page W 4 /// T
DRILLRIG: Burley 4500 LOGGED: JOC/FSM i
DRILLING CONTRACTOR: Crux CHECKED: % £ Gold.(._l_r
DRILLER: - SalisburyHundahi DATE: 7/23/99 Associates




PROJECT: WSDOT/MP 326

PROJECT NUMBER: 993 1467.300

Landslide/WA

RECORD OF BOREHOLE GA-10

BORING LOCATION: North plus line, upper hole

SHEET 2 OF 4
DATUM: MSL
BORING DATE: 5/13-14/99

a
o] PENETRATION RESISTANCE
Q SOIL PROFILE SAMPLES BLOWS PIEZOMETER
e | & OWS/FT.
Bl @ 10 2 « <o GRAPHIC
tIiJ (ED ‘-i) o BLOWS /6 IN. l:
£l 2 DESCRIPTION o 8 w N1 g WATER CONTENTPERCENT WATER
e g < @ =| a | 140!b. hammer o .
w o [idbe 5 ] wor——H—— Wi LEVEL
Q ] o2 2| = 30 inch drop o P
[~ 30 ) ) - 7
Loose to compact, light olive gray to light olive _,/
brown and dark olive brown, interbedded, fine to 6 | sS 5-4-3 7 lo7114 B
- medium SAND, trace subangular to rounded fine o 2.25-inch
gravel, trace silt, fine SAND, trace to little silt, Inclinometer |
trace rounded fine gravel, and fine SAND and Casing /
- fine to coarse GRAVEL, little silt, wet /
(TRANSITIONAL LANDSLIDE DEBRIS) /
CLime — /
t
- 3s ]
7 | ss 8-7-6 13 |0.51.9 [ ] :’;
[~ 40 40.0" Faint mottling observed ?
8 | ss 767 13 |1.01.5 [ ] ?
s 9 | 85 5-5-7 12 10.91.5 | ] ?
[~ 45 ‘g; /
©
i g 7
<
2 ]
£
I = ————— —— — — — ]
O | Compact to dense, light olive gray to light clive /
O | brown, faintly laminated and interbedded, fine /
1 T | SAND, trace to little silt and SILT, wet
(GLACIOFLUVIAL/GLACIOLACUSTRINE /
| TRANSITIONAL DEPOSIT) ://’
- 50 9
26.5 L]
10 | SS 9-14-12 26 |1.1/1.9 o—— I
5 27 43
P ¢
9
| 1| ss 7-10-11 21 [1.014 r g
s v
60 Log continued on next page /
DRILLRIG: Burley 4500 LOGGED: JDC/FSM i
. . A
DRILLING CONTRACTOR: Crux CHECKED: é; £ Goldgr
DRILLER: - Salisbury/Hundahl DATE: 7/23/99 Associates




PROJECT. WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-10

BORING LOCATION: North plus line, upper hole

SHEET _3 OF 4 _
DATUM: MSL
BORING DATE: 5/13-14/99

DRILLER:

DRILLING CONTRACTOR: Crux

J. Salisbury/Hundahl

CHECKED:

DATE: 7/23/99

=]
PENETRATION RESISTANCE
~ ECE) SOIL PROFILE SAMPLES N BLOWS/FT PIE%%MEIEER
il o 0 50
el Q | BEV. | ¢ BLOWS /6 IN, E ? 2 3 4
E é DESCRIPTION o | % o § w b.h N g WATER CONTENTPERCENT WATER
[&] a. | 140 |b. hammer v LEVEL
& 8 3 % g| bePTH % = 30 inch drop & Wp wi
- 60
Compact to dense, light olive gray to light olive /
brown, faintly laminated and interbedded, fine 12 | SS 13-15-19 34 |1.211.4 | | . /
SAND, trace to little silt and SILT, wet 2.25-inch _| _/ h
(GLACIOFLUVIAL/GLACIOLACUSTRINE I "‘Cg""."‘e‘e' /
TRANSITIONAL DEPOSIT) asin / ﬂ |
ale
Lime—/ / 1
gmen ?ﬁ ]
- 65 4 :; .
13 | 8S 10-14-21 35 |1.111.9 [ | /‘ / ]
1%
2178
717
77k
9
| 0
217
- 70 / g —
14§ 85 11-14-21 35 (15114 | /// R
1%
SR
1%
________ e 218
Hard and dense, light olive gray to light olive 73.0 / /
brown, Iammated SILTY CLAY to CLAYEY SILT /
and sandy SILT with thin (~1/32-inch) SILTY CLAY / 1
laminae, moist to wet (GLACIOLACUSTRINE / /
DEPOSIT) F / /
- 75 g, ppen: >4.5 tsf / / 7]
E 15 ss 8-13-19 32 |1514 [ | % %
v
2 A1 -
5 717
¢ 101 |
v
79
# ]
- 80 e
1%
16 | SS 10-15-23 38 |1.5/1.53 | ] / / ]
7
. A0
1%
278
i
/
o5 ; i
- 17 | ss 21-50/2 >50 [0.7/0.1 » ? /// +
Very dense, reddish brown to light olive brown, / /
nonstratmed silty fine to coarse SAND, little to / /‘
some fine to coarse gravel, moist / b
{GLACIOFLUVIAL DRIFT) / //”
] g
|
L ® Log continued xt page / T
og on next pag A V)
DRILL RiG: Burley 4500 LOGGED: JDC/FSM =

B




PROJECT: WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-10

BORING LOCATION: Highway 101, MP 326, North
plus line, upper hole

SHEET _4 OF _4
DATUM: MSL
BORING DATE: 5/13/99

o
3] SOIL PROFILE PENETRATION RESISTANCE
P PIEZOMETER
w w 0 GRAPHIC
o o | ELEV @ E
T
E £ DESCRIPTION z ., § w N 2 WATER CONTENTPERCENT WATER
w | o o & LEVEL
o ) & Q| DEPTH 2| & o
90
Very dense, reddish brown to light olive brown, 18 >50| 23 - /‘
nonstratified, silty fine to coarse SAND, little to / /
. | some fine to coarse gravel, moist 2 25-inch ,ZL 1
& | (GLACIOFLUVIAL DRIFT) inchmomater P 1]
% Casing
2 p
<
> Z17
£ /’ ]
I Lime —/ /
[} Cement /
g Grout / / 4
., 7178
>50 | 1712 **
~84.0
Boring terminated at 96 ft bgs 96.0
A-axis bearing N85°E “
100 n
105 T
10 .
115 n
120 n

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux

DRILLER:

J. SalisburyMundah!

LOGGED: JDC/FSM




PROJECT. WSDOT/MP 326
Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-10A SHEET 1.OF.3

DATUM: MSL

BORING LOCATION: North p|US line, upper hole BORING DATE: 5/15-16/99

8 SOIL PROFILE SAMPLES PENETRATION RESISTANCE
S - B -l PIEZOMETER
E (UE; o ELEV. « BLOWS /6 IN. 10 jgowsgr 40 g SRATHC
E z DESCRIPTION o § © é w Ls: WATER CONTENTPERCENT WATER
5|5 £ 188 oern | 5| | | B wpr—a | 6
- 0 Bori - - - ) F A
dgtr;rillg dsgz%?oggglfodglg égséa}llﬁgzometer. For PVC Stickup 2.2 teet Bentonite — ?
] g ]
7
2 ]
- 5 15nch 1] 1
Ll
71
s ,// l
¥ / 71
T 9
10 2 ; 4
& 1]
a1
A
i
| 7 2 _
S 72178
72178
g 1%
: 278
v
1y
AV
| ? Z _
I L
28
7
A0
T ATD/ /
- 25 240t /] 1]
BOH@26 1t % 4
Z17R
5 oy
Q /
0
I
2 217k
R L] LA
Log continued on next page g /

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux
DRILLER: Buck/Mundahl

LOGGED: JDC/FSM

CHECKED:

DATE: 7/12/99




PROJECT. WSDOT/MP 326 RECORD OF BOREHOLE GA-10A SHEET 2.OF.2

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1467.300 .BORING LOCATION: North plus line, upper hole BORING DATE: 5/15-16/99
o
. % SOIL PROFILE SAMPLES PENETR;‘I('%";;?'ETANCE PIEZOVETER
el o | ELeV o BLOWS /6 IN. E 10 G 40 ¥
E| oz DESCRIPTION @ § © § w N £ WATER CONTENT,PERCENT WATER
@i g o | 59| oePTH | 2 % 1‘;%'&?;:2;” o wpr——— A LEVEL
¥ Bentonite«/ ]
10 ]
1%
I /(/’ l
% é J
o0
- 35 1.5-inch ,;1 :; ]
1.D. Sch.—%
40 PVC
. Riser ; a B
L]
| /] 7R
- zn
]
| 178
]
— 40 4 ] 4
]
9\
v
? / |
7 ]
R 0.
7
i % /// i
278
215
:
L4 f v
- 5o 49671 / ﬂ _
815199 (71 %
| e
| 10020 o R
Silica
Sand
3
- 55
5-inch —1
1.D. PVC
0.010 Slot
|
r— 60 Log continued on next page
DRILL RIG: Burley 4500 LOGGED: JDC/FSM i
DRILLING CONTRACTOR: Crux CHECKED: é;f £ Goldgr
DRILLER: Buck/Hundahl DATE: 7/12/99 ASSOClatES




PROJECT. WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

BORING LOCATION: North plus line, upper hole

RECORD OF BOREHOLE GA-10A SHEET .3 OF.3

DATUM: MSL
BORING DATE: 5/15-16/99

o]
:Ot SOIL PROFILE SAMPLES J PENETRATION RESISTANCE PIEZOMETER
[ =
u u§J 40 50 GRAPHIC
[ s % od BLOWS /6 IN. E
E Z DESCRIPTION o | % @ w < WATER CONTENT,PERCENT WATER
oz otge 2| o | 1401b. hammer o LEVEL
w [} 15} O = I . w
a @ S |e-4 z 30 inch drop o
F 60 r—
10/20
T Silica T
Sand
L 1.5-inch —
65 1D, PVC
0.010 Siot
Screen
@
o
(=
o
>
o
<
o
£
w
5]
[&]
]
5 I
o
1.5-inch
1.D. Sch. —f~*
40PVC
Riser with [,
Flush
- 75 Screw
Total depth 75 ft bgs Jca[\:isn ;\d
- 80 .

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux

DRILLER:

Buck/Hundahl

LOGGED: JDC/FSM

CHECKED:

DATE: 7/12/99

Goldgr




PROJECT. WSDOT/MP 326

RECORD OF BOREHOLE GA-

1 3
11 SHEET _1_OF _3

Landslide/WA DATUM: MSL
BORING LOCATION: North plus line, lower hole
PROJECT NUMBER: 993 1467.300 P 10 BORING DATE: 5/13-14/99
a
PENETRATION RESISTANCE
% SOIL PROFILE SAMPLES BLOWS/FT PIEZOMETER
[ = .
m ] 10 0 3 40 50 GRAPHIC
£z o | BEV - BLOWS /6 IN. £ £ ;
= czc DESCRIPTION n | % © 'é w b N g WATER CONTENTPERCENT WATER
o Q| Q | 140 Ib. hammer W LEVEL
8 8 g G 3| DEPTH % ¢ 30 inch drop T Wp wi
L ~127.0
Loose, brown, silty fine to medium SAND, little to | SM 0.0 :/
some gravel and cobbles, little coarse sand, / / /
organics to 6-inches (GLACIOFLUVIAL PVC Stickup 2.0 feet / /j J
{ LANDSLIDE DEBRIS) A+A- Siots @ N78°W / /
2@5ineh —Ja’j 4 4
nc(l}r;;m;ter / :::
271
-5 6.0": Becomes compact (nonstratified) with . / ///” ]
little coarse sand and fine to medium gravel cs;\:mA/ /‘
L Grout ;/// d
118s 2-7-5 12 [0.2/14 | é ?
/ J
1%
i 174
| 4 g _
r— 10 ? / ]
11.0" Increase in size and content of gravel /&’ 7
to some fine to coarse ﬂ /
2 | ss 10-8-9 17 0213 ] /// ]
]
7150
2 2
) 1
s | & & 1
§ )
2 16.0" Decrease in coarse sand to trace 4 /// 4
o
z 3 | ss 8-7-8 15 [0.4115 (] ? |
: 717
1%
T ]
715
L g ? -
L 20 %; ___________ R— ~107.0_] / é -
Compact, mottled brown, nonstratified, silty fine to| SM 20.0 / o]
medium SAND, some gravel, moist /
(GLACIOFLUVIAL LANDSLIDE DEBRIS) / ? E
4| 8ss 10-9-16 25 |0.2/1.4 ] /// 1
7
3 / E
]
é 2/ -
L 25 % é g
7
5 | ss 9-8-9 17 |0.41 4 [ | ) ]
5 g
0 ]
719
- 30 - / / -
Log continued on next page ‘) /‘
DRILLRIG: 2500 LOGGED: MS i
DRILLING CONTRACTOR: Crux CHECKED: % L Golder
DRILLER: S. Walker DATE: 7/12/99 Associates




PROJECT: WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-11

BORING LOCATION: North plus line, lower hole

SHEET 2 OF 3
DATUM: MSL
BORING DATE: 5/13-14/99

a
Ie) PENETRATION RESISTANCE
¥ SOIL PROFILE SAMPLES BLOWS/FT PIEZOMETER
Il I N 10 20 qo' 4 5 GRAPHIC
E g % ELEV. « BLOWS /6 IN. t:
£tz DESCRIPTION o | & 8l o N = WATER CONTENT,PERCENT WATER
& % Q| 8 DEPTH % o | 140 Ib. hammer (LIJ.I W | LEVEL
a © 5102 2| F 30 inch drop [ Wp w
30 . o
Compact, mottied brown, nonstratified, silty fine SM ¢
to medium SAND, some gravel, moist 8- 16 0.25/
B (GLACIOFLUVIAL LANDSLIDE DEBRIS) 6 s 7-8-8 6 K n /
| 30.0" Increase in sand size, becomes fine /
to coarse
2.25-inch ~
% Inclinometer ?A
Casing ?
- 35 j [
| 7 | ss 7-8-6 14 0.4/, |
CLirne ~/
ement
{ Groﬁ? ?/
O I S | _ _ ~88.0 _ /
Dense, brown, nonstratified, silty fine SAND, moist| sm 39.0 ?
[~ 4
0 L _____________ __-BES /
| Dense, gray, nonstratified, silty fine SAND to fine 405 8 | ss 12-14-22 36 |0.7/1.4 [ | é
sandy SILT, moist to wet /
(GLACIOFLUVIAL/GLACIOLACUSTRINE
I TRANSITIONAL DEPOSIT) ?
3 44.0" Increase in silt ?\/Ihf./ é
N %
g 45.8" Weakly stratifi J /
| § .8 Weakly stratified 9 | ss 14-21-25 46 |1.0/1. mn| %
<
o /]
g )
I 3
8 ]
X % ____________ I _-78.0 ] /
Dense, weakly stratified to massive, fine sandy ML 48.0 L;/
SILT, moist to wet (GLACIOFLUVIAL/ — /
3 GLACIOLACUSTRINE TRANSITIONAL /
DEPOSIT) /
- 50 — //;
! 51.0% 1/4-inch thick layer of SILTY CLAY 1088 13-18-25 43 .2ng n ]
(fine sandy silt below) p
__________ | 725 %
| Very stiff, stratified, tan with layers of gra?l, cL V 54.5 /
55 predominantly SILTY CLAY with layers of silty fine /
SAND and CLAYEY SILT, some fine sand, moist /
| (GLACIOLACUSTRINE DEPOSIT) / 1 SS 13-17-12 29 |1.41 4 ,//
____________ L A/ 675 J
3 See description on next page 4 595
60 Log continued on next page
DRILLRIG: 2500 LOGGED: MS ‘i
DRILLING CONTRACTOR: Crux CHECKED: é;f * Golder
*
DRILLER:  S. Walker DATE: 7/12/99 Associates




PROJECT. WSDOT/MP 326

Landslide/WA

PROJECT NUMBER: 993 1467.300

RECORD OF BOREHOLE GA-11

BORING LOCATION: North plus line, lower hole

SHEET _3 OF 3

DATUM: MSL

BORING DATE: 5/13-14/99

Q
o PENETRATION RESISTANCE
Q SOIL PROFILE SAMPLES BLOWSIF T PIEZOMETER
= = . HIC
w | w ) 10 20 30 40 g0 ORAP
w g (_I-Z ELEV. « BLOWS /6 IN. £
2 DESCRIPTION 0|2, § w o N z WATER CONTENTPERCENT WATER
o O | F a | 140 Ib. hammer
o] @ —_— LEVEL
a 2 % [ @ 3| OEPTH 2| & 30 inch drop 4 We wi
- 60 N " rd
Hard, grayish tan, yve?éﬁgegﬁe% USSII__rT, trace ML 30.5 /
gravel at 61.0°, moist IOLA RINE 12 ] s 50-28-50/1 50 |0.8/14 o
I DEPOSIT) / > 28 36 % ///‘ |
Ly e - - - | / -840 | |2-|?5‘i”°§‘ _ﬂ ? ]
Hard, grayish brown, nonstratified, SILTY CLAY CL 63.0 "°c'2§$§ e / /
with some coarse sand and fine to coarse grave!, / /
| moist (GLACIOFLUVIAL DRIFT) / ? _
. / n 7
T N | /Z _~61.0 |13} 88 37-50-43 93 |0.815 ] j ]
& | Very dense, orange-brown, nonstratified, silty fine| SM 66.0 | B4 / /
€ | SAND, trace gravel, moist (GLACIOFLUVIAL /
o
I S | DRIFD % ] |
b=
< K :;
(=] Li —
H % Celrw:nt / / h
8 Grout
| o
fr - - - —— - - — — | _ ]
Very dense, brown, nonstratified, gravelly fine to | SM 69.0 / ]
coarse SAND, some clayey silt, moist / /
- 70 (GLACIOFLUVIAL DRIFT) 0.25/ / / ~
14| sS 50/3 >50 | 2%/ T % /
- _ 271
-514 [ 15| ss 50/3 >50 | 92 [
| Tota!l depth 74.4 ft bgs 74.4 ]
- 80 .
- 85 —
- 90 -

DRILLER:

DRILL RIG: 2500

DRILLING CONTRACTOR: Crux

S. Walker

LOGGED: MS

CHECKED:
DATE: 7/12/99

Goldgr




Landslide/WA

PROJECT. WSDOT/MP 326

PROJECT NUMBER: 993 1467.300

BORING LOCATION: North plus ling, lower hole

RECORD OF BOREHOLE GA-11A SHEET 1 OF 2

DATUM: MSL
BORING DATE: 5/14/99

DRILLING CONTRACTOR: Crux
DRILLER: S. Walker

DATE: 7/12/9%

[=]
PENETRATION RESISTANCE
g:) SAMPLES |} PIEZOMETER
el g BLOWS/FT GRAPHIC
gy =2 0 20 3 4 5
¢ P % ELEV. o BLOWS /6 IN. r:
£l 2z DESCRIPTION o | & 8| < WATER CONTENTPERCENT WATER
& g 8 T 8 DEPTH g o | 140 Ib. hammer 8 wi LEVEL
Q -3 oS |93 Z| F 30 inch drop o Wp |
o ~127.0 }
Boring speed drilled to install piezometer. For 0.0 PVC Stickup 1.6 feet
detailed geologic log see GA-11. |
T 72 |
Granular —/ /
Bentonit h
eg:;r; (=] / 5‘
- 5 oy
7l
e 40 ]
ID. Son / /
o pvC % [
asing
8 o
§ 7R
3
S 111
~ 10 g / /
i} & ; 1
% é g .
v
N
Caved — A
M;Yarial ? ¥ -‘
ol
by B4 )
b
b= A
AR
F 15 W N
Y
Yl
by [
= A
N I
VAR
AN
i~
Ny
A
ey @
™
A
A
AN |
- 20 b B
Ay
b [
ARy
AN
AN
A
by p
A
. ]
L g AR
@ by DA
3 A N
o | 3 Y-
E T :‘J 4
Q b [NA
AR
o} o A
I b A
AR
AN
by A
AR
A RN
A
I
A
N
| 30 A g B
Log continued on next page [
DRILLRIG: 2500 LOGGED: MS =

)
:
c

03
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SHEET 2 2
PROJECT: WSDOT/MP 326 RECORD OF BOREHOLE GA-11A = OF =
Landslide/WA DATUM: MSL
] BORING LOCATION: North plus line, lower hole
PROJECT NUMBER: 993 1467.300 BORING DATE: 5/14/99
[a}
. % SOIL PROFILE SAMPLES PENETF';LT(')?/C";FETS'ETANCE PIEZOMETER
e g ) ELEV. o« BLOWS /6 IN. E 10 20 P 40 ¥
E Z DESCRIPTION @ éo § 8 | 14010 rarmm N Z\() WATER CONTENTPERCENT WATER
. Nal r
g1 2 Q&G OEPTH | 21 ¥ 1 30 i0en drope & Wp'—_aN_—:W' LEVEL
|
0 (J:aved Material —o~ oA
A
RAE
30.87'bgs
/1599 5-5'—‘] %
35
w |2
3
o]
T
45
50
~75.0
Total depth 52.0 ft bgs 52.0
55 N
60 N
DRILLRIG: 2500 LOGGED: MS i
DRILLING CONTRACTOR: Crux CHECKED: , Golder
DRILLER: 5. Walker DATE: 7/12/99 ~ Associates




PROJECT. WSDOT/ MP 326

Landslide/WA

RECORD OF BOREHOLE GA-12

BORING LOCATION: North line, west edge of

DATUM: MSL

SHEET 1_OF _1_

PROJECT NUMBER: 993 1467.300 pagement ) BORING DATE: 6/16/99
a
] SOIL PROFILE PENETRATION RESISTANCE
B - SAMPLES BLOWS/FT PIEZOMETER
] w 0 0 0 0 0 50 GRAPHIC
w (29 (]_? ELEV. @ BLOWS /6 IN. I: b 4 3 A
ElZ DESCRIPTION 9 &, ‘é wl omn N Z WATER CONTENTPERCENT WATER
o o 2 o E a 140 Ib. hammer b LEVEL
o o0 £ | © 3| DEPTH z| £ 30 inch drop [i4 We Wi
~33.0 Flush |
F 0 Dense to very dense, light olive gray, 0.0 Monument {773 [ha
nonstratified, silty, gravelly fine to coarse SAND, Concrete — ~
i moist (GLACIOFLUVIAL DRIFT) | L2y )_j 1
sard —1 J
i 1| ss 18-18-28 46 (1514 ] ]
@
Q
s S ]
5 2.26-inch —}
2 Siops,
B 2 Inclinometer
5 € Casing ﬂ
4
Q
r E 4
I 2 SS 30-50/5 50/5 | 11/11
o 4
- 10 -
| o R _~210 | 3 | ss 21-42-21 63 | &/18 » |
% Hard, light olive gray, weakly stratified, SILTY 12.0
3 CLAY, trace coarse rounded sand as dropstones,
[ ‘é moist (GLACIOLACUSTRINE DEPQSIT) T
(&)
C
- 45 = _=18.0 _] -
Very dense, light brown, nonstratified, silty fine to 15.0
coarse SAND, some fine to coarse subrounded
i and subangular gravel, moist (GLACIOFLUVIAL 4 SS 50/0 0/0 h
DRIFT)
5 51 ¢ 3 i
- 20
6 C 22 ﬁ
@
S
i & 7 C 22 -‘
a
I
72 | 8 (ss 35-50/4 50/4 10.8/0. ‘-.
L Boring terminated at 25.8 ft bgs 25.8 b
- 30 —

DRILL RIG: 2500

DRILLING CONTRACTOR: Crux

DRILLER:

S. Walker

CHECKED:
DATE: 6/29/99

LOGGED: J. Coleman

I Golder
Associates

£}




FOSSU/GEOTECH

APR-15-99 THU UL: 18 KN FAX NO. 3607095585 F. 02
LOG OF TEST BORING . \Vashington State
'7’ Department of Transportation
HOLENo. _H-1-89
PROJECT _ Lillwaup Vacinity Stide . JobNo. _DMC-013
Near MP 326 approximately 12 feet above SR 101. S.R. _fot e
Station o : Ofiset Cs 2808 .
Equipment _CME 46 wl cathead Casing HW, HQ Ground El _ 0.0 (0.00 m)
Method of Boring ~ Wet Rotary
Start Date _ Aprli 7, 1999 Completlon Date  April 10,1809 Sheet 1 of 4
T ( R
= E Standard
§ g g Penstratior ‘\)\0\7 V( C’d) P { Description of Material
& | Blows/t
: I
J 10 20 . 30 Q/o/ % L\A\ é

! ! !
. i | :
e Loy
. o ‘
| I
e |
. |T Lo ! o
i i ! 6
2 lf I (3)
I
1 Lo
: if N |
| |
| : |
t |
0 ? [ T 3 b2’
| b ¢
N a0
i [
1 I
I
T4 I 'I l
N
b : | B
g i I : l i
16 — ! i
g | : >
$ 1 1 N S ?
E 5 I o
: R
& t I !
b [ I T T
i IR
L | |
Bt | i1 | ]

loz .7}

]
l

T

DRAFT

; Sitty SAND with gravel, subrounded, medium dense, !

brown, wet, Homogeneous, no HC! reaction, tight
oxidation - light orangish tint -
tength Recovered 0.5 ft, Length Retained 0.5 #t

NG

AN

N

QO

K/

N

AN

Silty GRAVEL with sand, subrounded, loose, brown, wet, | |
Stratified, no HCI reaction, stratified with partially elastic
SILT with sand(1.5%)

Length Recovered 0.7 &, Length Retained 0. 7#

v

&

AN

AN

WZN

7

NZN

al

04/08/1999

Silty GRAVEL with sand, subrounded, medium dense, -

brown, wet, Homogeneous, no HCl reaction

Langth Recovered 0.7 f, Length Retainad 0.7 &
04/09/1999

K .

N

AN

NZA

\

/

NZR




HFR-15-YY

°

HOLE No.

PROJECT

I

Liiwaup Vacinlty Slide

ruadLv/ucuicoun

LOG OF TEST BORING

(A TN (VARG IS N RV VIS 1016 V)] [V

Y N ,
Washington State
'7’ Department of Transportation

Sheet 2 of 4

Meters (m)

Profile

Standard
Penetration

SPT
Blown/5"

i
j

Sample Type

Tests

Deascription of Matarial

Groundwater

Instrument

43

10

~ =~

~
-
-~
-

(67)

> 10
28

(57)

11

1

21
@7

13
12

(32)

12

D5

o7

D-8

D9

Sifty GRAVEL with sand, subangular, medium denss,
brown, wet, Homogeneous, no HCl reaction, Interpreted
from drill cuttings, rest of sample was lost

Length Recovered 0.2 ft, Length Retained 0.2 #t

Sitty GRAVEL with sand, subangular, very dense, brown,
wet, Homogeneous, no HC! reaction
Length Recovered 0.3 ft, Length Retained 0.3 ft

Sandy SILT, very dense, grayish brown, maist,
Blocky, Homogeneous, no MCI reaction
Length Recovered 1.3 &, Length Retained 1.0 ft

Slity SAND, dense, graylsh brown, moist,
Stratitied,Laminated, Fissured, Blocky,Disrupted, weak
HCI reaction, stratified with Sandy SILT, interbedded and
coarsening downwards, soft and disrupted at 35.5 feat

with voids, dark sandy 3mm laminations in upper part of

sample(25 degrees),
Length Recovered 1.3 ft, Length Retained 1.0 #t

Silty SAND, dense, grayish brown, moist, Homogeneous,
weak HCl reaction

Length Recovered 1.3 ft, Length Retained 1.0 ft

Sity SAND, dense, grayish brown, wet, Homogeneous,

Z

YN,

NN

2

ANY,

X/

2N,

N\

L

/

N

o

2

7S

N

K
A

f

o~

NGNS

X

NN

o

K

X

AN

&

Rz

AN

7&

7N

NN

2N

N

ZNANE

X/

X

AN

7/

“x\

/&

w7

Sz

2

N\

‘\\

2

N7

'l

74

AN

KA

/&

%

X/

A\

K

N\

X

NGNS

al

7%

N

NN

QN




FFR=1o=4Y 1HU JliZu ' FUbdU/GEU T EUH FAA NU, 3pUUgbobo FoUb

' | LOG OF TEST BORING . Vshington State
_ '7’ Department of Transportation
' HOLE No. _H-1-99
Sheat 4 of 4
PROJECT _LMliwaup Vacinity Slide JobNo. _DMC-013 =
l e | E |, Standard sPT ,§ 23 2 o | !
g€ E ’ Penetration Blows/s" |8 @ Desoription of Materlal g
§ § LY E Blowst ™ %; E gl 3 e 1‘
¢ 8 1] f £
l ! 1 20 30 40 \ ; i
| | i ! 16 7[ i Blocky, Homogeneous, no HCI reaction, glacial lacustn’ne_‘—j \
- R 21 A deposit
] S (36) ! Length Recovered 1.5 ft, Length Retained 1.0 f -
i ! l ‘ i\ ‘
l | i | ! ! | L
T-22 | ! : ! % N
: \ t
! ! : | ' L
1 I Y
' - : . : | ' -4
1 [ i >
| ! i i > 11 D15 Lean CLAY with sand, hara, dark blulsh gray, molst, g’.
75 i j ! | 18 Blocky,Homogeneous, no HC! reaction, glacial lacustrine |~ S
—23 | ! i l 35 deposit ] <4‘
] : ' | A (53} ! Length Recovered 1.6 ft, Length Retainaed 1.0 # L §
IR ;‘ I é
I SR N | 1
N t k{’
Lo R
' IR T | X
24 , : . i S
. i i f | " K
R N
. ; | . 16 D-18 Lean CLAY, very hard, dark blush gray, moist, .5,
8o~ : ' X l il Blocky Homogeneous, no HCI reaction — \4
) : | { \ 56/6° Length Recovered 1.5 fi, Length Retained 1.0 ft N §
5 A an : R 4
1 1 i N
! i | { §/ y\/
N ' 4 K
™ o NS
‘ | > b
’ i ) i : ‘ r § §
B t i 1 3
I IR | MY
: ! ' { - ' 7R
: H i ! % 16 D-17 | Sandy Lean CLAY with gravel, subrounded to angutar, X‘
85 Lo f | | ' 50/5.5" 1 very hard, dark bluish gray, moist, Blocky, Homogeneous, \é
' ; . | ; (50) ; no HCl reaction, contact between glacial lacustrine \/.
l oo : ! depostts and til L .\>
ol i Length Recovered 1.0 ft, Length Retained 1.0 ft é
! ! | ' N
7 g ¥
A .&
: I R e B B e i
4 Fm T T 4
R { L !
' s ! J b } End of test hole baring at 88 ft beiow ground elevation, ! ‘
§ l { i | i This is a summary Log of Test Boring. Soll/Rock
8l %0 | ! ! { descriptions are derived from visual field identificatians [—- i
f and laboratory test data. :
. ¥ | ! f | | |
s 1 | : | | i
8 I |
§ {28 [ ! | ’ FT
g f ! [ l i
' & I (
& I Lo ]
l E[ - ! i I ! |
' { | i
d 1
8 “ P R — — 1 - J. J .- u...,l,,,, - l - - — L — e e ot 1 £ ¢ e o caane e e e - l



DMCO013 H1-99, B-Axis

) 01

104t 10t

20ttt 20{

3OJ ..... A 300 ]

N
o

N
o

Depth in feet
Depth in feet

[4)]
o

a
o

60 f i bt YT 60 i

700 Y

BOf T apgrgeg BOJ i L aigrisgg

-~ 5/4/1999
o 5/10/1999

%+ 5/4/1999
<o 5/10/1999 o~ 5/10/1
Do -+ 6/8/1999 -~ 6/8/1999
S : o 7/8/1999 : : -~ 7/8/1999
N + r : . : 90 +— : ——r — ; . ——r
-1.0 -0.6 -02 02 0.6 1.0 -1.0 -0.6 -0.2 0.2 0.6 1.0
Cumulative Displacement (in) from 4/13/1999 Cumulative Displacement (in) from 4/13/1999

WSDOT A DMC-013 SR 101
MATERIALS LAB MP 326 SLIDE
GEOTECH SECTION C H-1-99 A+ =N105 deg.
OLYMPIA, WA

.
.
. o
-
.‘
/
'/
'(
.



!OPE INDICATOR DATA REDUCTION

PAGE 1
'inted by DMM on July 8,1999 :

"%: DMCO13 HOLE NUMBER H1-99
5 & description SR 101 MP 326 SLIDE

I— PREVIOUS — [— CURRENT —
%TA SET # 1 10
SENSOR # 26087 26087
DATE 04/13/99 09:19 07/08/99 10:14
ADINGS PER DIRECTION 44 44

SNSOR: 26087

—— PREVIOUS DATA — }——— CURRENT DATA —] CHANGE  CUM.DISP.
DEPTH A0 Al80 DIFF A180 DIFF IN.

' 2.000 ~-250 248 ~498 —186 183 -369 129 0.0714
4.000 -245 237 ~482 ~229 228 457 25 ~0.0060

l 6.000 -124 114 -238 -111 105 -216 22 -0.0210
8.000 53 ~62 115 55 57 112 -3 -0.0342
.10.000 185  -194 379 186  -190 376 -3 ~0.0324
' 12.000 139  -148 287 145  -147 292 5 ~0.0306
' 14.000 73 -83 156 81 -85 166 10 -0.0336
16.000 67 . -77 144 75 78 153 9 ~0.0396
18.000 98  -107 205 98  -101 199 -6 -0.0450

. 20.000 59 -65 124 58 ~60 118 -6 -0.0414
22.000 -34 26 -60 -33 30 63 -3 ~0.0378
24.000 ~91 82 -173 -84 80 ~164 9 ~0.0360

' 26.000 -114 103 -217 ~107 104 -211 6 ~0.0414
28.000  -135 126 -261 ~133 130 -263 -2 -0.0450
20.000 -172 165 -337 -170 171 -341 -4 -0.0438
1,000  -197 186 -383 ~196 191 387 -4 ~0.0414

' 54.000 -105 95 ~200 ~100 98 ~198 2 ~0.0390
36.000 -66 57 -123 -61 59 -120 3 -0.0402
38.000 -55 45 ~100 -58 55 -113 ~13 ~0.0420

. 40.000 -93 87 -180 ~101 101 -202 -22 -0.0342
® 42.000 -159 147 -306 ~161 157 -318 -12 ~0.0210
44.000 -169 160 -329 -173 171 ~344 15 ~0.0138

II 46.000 -184 177 -361 : ~190 188 -378 ~17 ~0.0048
- 48.000 -172 162 -334 -178 172 -350 -16
50.000 -168 160 -328 ~173 171 -344 -16

' 52.000 -170 162 -332 ~170 169 ~339

0.0054
0.0150
0.0246

54.000 -184 176 -360 -189 187 -376 -16 0.0288
56.000 -210 200 -410 -206 202 -408 ‘ 2 0.0384
58.000 -226 220 -446 -233 231 -464 - -18 0.0372
60.000 -263 257 -520 -269 266 -535 -15 0.0480
62.000 = -295 285 -580 -296 293 -589 -9 0
64.000 -269 . 262 -531 -265 263 - -528 , 3 0
66.000 -242 234 -476 -232 230 -462 14 0
68.000 -203 192 -395 -184 182 -366 29 0
70.000 -216 210 -426 -200 199 -399 27 0.0348
72.000  -270 261 -531 -248 246 -494 37 0.0186
74 .000 -259 253 -512 -253 253 -506 6 -0.0036
76.000 -235 227 -462 -230 227 -457 . 5 -0.0072
78.000 -215 207 -422 -211 209 -420 . 2 -0.0102
80.000 ~290 283 -573 -291 290: -581 -8 -0.0114
2.000 ~398 387 -785 -396 393 -789 -4 -0.0066
.4.000 -447 440  -887 -446 443 -889 -2 -0.0042
86.000 -485 477 -962 -485 480 -965 -3 -0.0030

.0570
.0624
.0606
.0522



-l,JOPE] INDICATOR DATA REDUCTION

PAGE 1
Winted by DMM on July 8,1999
r'ﬂaz DMC013  HOLE NUMBER H1-99
¢ & description SR 101 MP 326 SLIDE
' l— PREVIOUS —| b— CURRENT —|
kTA SET # 1 10 :
ENSOR # 26087 26087
DATE 04/13/99 09:19 07/08/99 10:14
ADINGS PER DIRECTION 44 44
NSOR: 26087 :
f—— PREVIOUS DATA — |—— CURRENT DATA —| CHANGE  CUM.DISP.
DEPTH AO  Al80 DIFF A0  Al180 DIFF IN.
© 88.000 -536 526 -1062 -535 529 -1064 -2 -0.0012

END OF RECORDS



!OPE INDICATOR DATA REDUCTION

PAGE 1
':inted by DMM on July 8,1999
—©: DMCO13  HOLE NUMBER H1-99
s ) description SR 101 MP 326 SLIDE .
|~ PREVIOUS —] F— CURRENT —]
!;TA SET # 1 10
NSOR # 26087 26087
TE 04/13/99 09:19 07/08/99 10:14
ADINGS PER DIRECTION 44 44
ENSOR: 26087
l —— PREVIOUS DATA — l—— CURRENT DATA ——| CHANGE  CUM.DISP.
DEPTH BO  B180 DIFF . BO  B180 DIFF IN.
2.000 197 -244 441 118 -142 260 -181 -0.1488
4.000 137 -155 292 129 -153 282 -10 -0.0402
' 6.000 207 -233 440 223 -258 481 41 -0.0342
8.000 118 -142 260 118 -151 269 9 -0.0588
10.000 71 -81 152 64 -87 151 -1 -0.0642
' 12.000 85 -106 191 81  -113 194 3 -0.0636
14.000 121 -147 268 114 -148 262 -6 -0.0654
16.000 55 -82 137 52 ~-90 142 5 -0.0618
18.000 10 -30 40 7 -38 45 5 -0.0648
' 20.000 -68 69 -137 ~70 59 -129 8 -0.0678
22.000 -187 145 ~332 -196 159 -355 -23 -0.0726
24.000 -210 168 ~378 -221 186 -407 -29 -0.0588
' 26.000 -267 226 -493 -267 231 -498 -5 -0.0414
28.000 -182 163 -345 _ -191 166 -357 -12 ~0.0384
30.000 -93 83 -176 -106 84 -190 -14 ~0.0312
l 1.000 -188 163 -351 -202 171 -373 -22 ~0.0228
4.000 -218 180 -398 -213 177 -390 8 ~0.0096
36.000 -179 139 -318 -176 143 -319 -1 ~0.0144
38.000 -159 121 -280 -163 129 -292 -12 -0.0138
' 40.000 -155 138 -293 -170 137 -307 -14 -0.0066
42.000 -197 165 -362 -211 180 -391 -29 0.0018
44.000 -232 195 -427 -230 209 -439 -12 0.0192
' 46.000  -244 204 448 -242 213 ~455 -7 0.0264
48.000 -249 213 -462 -243 214 -457 ‘ 5 0.0306
50.000 -204 169  -373 -198 167 -365 8 0.0276
52.000 -197 155 -352 -203 166 -369 : ~17 0.0228
54.000 -210 171 -381 -205 170 -375 6 0.0330
56.000 -189 152 -341 -181 148 -329 12 0.0294
58.000 -152 114 -266 -153 121 -274 -8 0.0222
l 60.000 -159 142 -301 -177 145 -322 -21 0.0270
62.000 -228 192 -420 -238 206 -444 -24 0.0396
64.000 -243 203 -446 -251 221 -472 -26 0.0540
l 66.000 -266 225 -491 -272 239 -511 -20 0.0696
68.000 -288 251 -539 -275 245 -520 19 0.0816
70.000 -268 250 -518 -264 233 -497 21 0.0702
72.000 -255 222 -477 -239 207 -446 31 0.0576
' 74.000  -240 202 ~442 -230 198 ~428 14 0.0350
76.000 -235 197 -432 -226 192 -418 14 0.0306
78.000 -235 199 =434 -228 196 -424 10 0.0222
' 80.000 -211 191 -402 -211 183 -394 8 0.0162
'2.000 -151 137 -288 -154 127 -281 7 0.0114
.4.000 ~67 38 . -105 -59 28 -87 18 0.0072
l 86.000 -26 -12 -14 -30 -11 -19 -5 -0.0036



lOPE' INDICATOR DATA REDUCTION

PAGE 1
inted by DMM on July 8,1999
"“13: DMC013  HOLE NUMBER H1-99
: i description SR 101 MP 326 SLIDE
|~ PREVIOUS —] |~ CURRENT —|
&TA SET # 1 10
NSOR # 26087 26087 _
DATE 04/13/99 09:19 07/08/99 10:14
ADINGS PER DIRECTION 44 44
INSOR: 26087 _
—— PREVIOUS DATA — —— CURRENT DATA ——]  CHANGE  CUM.DISP.
' DEPTH BO  B180 DIFF BO  B180 DIFF IN.
88.000 -39 29 -68 -50 19 -69 -1 -0.0006

ND OF RECORDS
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!OPE INDICATOR DATA REDUCTION

: , PAGE 1
'inted by DigiPro on June 17,1999
5: DMCO13  HOLE NUMBER GA199
3 s+ description SR 101 MP 326 SLIDE .
|- PREVIOUS — |~ CURRENT —]
&TA SET # 1 3
NSOR # 26087 26087
TE 05/10/99 07:19 06/15/99 10:19
ADINGS PER DIRECTION 71 71
WENSOR: 26087
—— PREVIOUS DATA —] }— CURRENT DATA ——| CHANGE CUM.DISP.
' DEPTH A0  A180 DIFF A0  A180 DIFF IN.
2.000 -321 311 -632 . -316 307 -623 9 0.0156
4.000 -241 231 -472 -249 237 -486 -14 0.0102
' 6.000 -210 199 -409 -194 183 -377 , 32 0.0186
8.000 -247 237 -484 -249 239 -488 -4 -0.0006
10.000 -237 229 -466 -236 227 -463 3 0.0018
12.000 -198 187 -385 -195 186 -381 4 0.0000
14.000 -105 95 -200 -102 93 -195 5 -0.0024
16.000 93  -103 196 95 -105 200 4 -0.0054.
18.000 159 -169 328 159 -169 328 0 -0.0078
l 20.000 242 -249 491 241 -249 490 -1 . -0.0078
22.000 46 ~-55 ‘101 42 -54 96 -5  -0.0072
24.000 -116 109 -225 -120 109 -229 -4 -0.0042
. 26.000 -258 249 -507 -257 246 -503 4 -0.0018
28.000 -159 150 -309 -157 148 -305 4 -0.0042
20.000 -119 111 -230 -119 111 -230 0 -0.0066
' .000 -101 90 -191 -100 90 -190 1 -0.0066
54.000 -99 91 . -190 -102 92 -194 -4 -0.0072
36.000 -127 118 -245 -127 116 -243 2 -0.0048
38.000 -62 52 -114 -61 50 -111 3 -0.0060
. 40.000 -41 35 -76 -42 34 -76 0 -0.0078
42.000 -75 66 -141 -75 65 -140 1 -0.0078
44.000 -102 94 -196 -105 95 -200 -4 -0.0084
' 46.000 -145 137 -282 -146 137 -283 -1 -0.0060
B 48.000 -132 123 -255 -133 121 -254 1 -0.0054
50.000 -65 58 -123 -65 57 -122 1 -0.0060
52.000 -69 61 -130 -68 60 -128 2 -0.0066
' 54.000 = -17 7 -24 - =16 7 -23 1 -0.0078
56.000 -44 35 ~79 -47 37 -84 -5 -0.0084
58.000 -98 89 -187 -99 89 -188 -1 -0.0054
' 60.000 -111 104 -215 -111 - 103 -214 1 . -0.0048
62.000 -122 = 114 -236 -123 112 -235 1 -0.0054
64.000 -107 99 -206 - -107 98 -205 1 -0.0060
l 66.000 -92 83 -175 -92 83 -175 0 -0.0066
B 68.000 -91 83 -174 -93 83 -176 . -2 -0.0066
70.000 -108 101 -209 -109 101 -210 -1 -0.0054
72.000 -127 . 118 -245 . -127 117 -244 1 -0.0048
' 74.000 -158 151 -309 -159 151 -310 -1 -0.0054
76.000 -137 129 -266 -137 129 -266 0 -0.0048
78.000 -156 149 -305 -157 149 -306 -1 -0.0048
' 80.000 -159 152 -311 -159 152 -311 0  -0.0042
. .000 -182 174 -356 -182 174 -356 0 -0.0042
©..000 -229 221 -450 -231 222 -453 - -3 -0.0042
l 86.000 -250 242 -492 " =250 242 -492 0 -0.0024
88.000 -278 271 -549 -278 271 -549 0 -0.0024
90.000 -290 284 -574 -290 283 '-573 1 -0.0024



!:inted June 17,1999

Data for Hole GA199 Data Sets 1 and 3 PAGE 2

SENSOR: 26087 '
: }— PREVIOUS DATA — j—— CURRENT DATA —] CHANGE  CUM.DISP.

JEPTH A0  A180 DIFF A0  Al80 DIFF IN.

92.000 -290 283 -573 -291 283 -574 -1 -0.0030
94.000 -271 263 -534 -273 262 -535 -1 -0.0024
96.000  -309 301 -610 -310 301 -611 -1, -0.0018
98.000  -349 341 -690 -350 342 -692 -2 -0.0012
Eoo.ooo -369 364 -733 -370 365 -735 -2 0.0000
02.000 -366 358 -724 -366 358 ~-724 0 0.0012
104.000  -366 360 -726 -365 358 -723 3 0.0012
Eos.ooo ~304 297 -601 -304 296 -600 1 -0.0006
#108.000 -270 264 -534 -269 263 -532 2 -0.0012
110.000  -246 240 -486 -246 241 -487 -1 -0.0024
12.000  -277 271 -548 -277 270 -547 1 -0.0018
'im.ooo -239 231 -470 -241 232 -473 -3 -0.0024
116.000  -318 311 -629 -319 311 -630 -1 -0.0006
118.000  -345 339 -684 -346 339 -685 -1 0.0000
20.000  -353 347 -700 -351 346 -697 3 0.0006
122.000  -321 314 -635 -321 314 -635 . 0 -0.0012
124.000 -301 295 -596 -302 295 -597 -1 -0.0012
'126.000 -299 292 -591 -299 293 -592 -1 -0.0006
128.000  -288 283 -571 -288" 282 -570 1 0.0000
130.000  -285 279 -564 -285 279 -564 0 -0.0006
132.000  -282 276 -558 -282 275 -557 : 1 -0.0006
'134-000 -254 245 -499 -254 246 -500 -1 -0.0012
136.000  -257 251 -508 -258 251 -509 -1 -0.0006
178,000  -249 242 -491 -249 243 -492 -1 0.0000
l .000  -227 221 -448 -227 221 -448 0 0.0006
B$142.000 -238 230 -468 -238 229 -467 1 0.0006

'END OF RECORDS



lrinted June 17,1999 Data for Hole GA199 Data Sets 1 and 3 PAGE 3
SENSOR: 26087

' — PREVIOUS DATA ——| }-—— CURRENT DATA ——|  CHANGE  CUM.DISP.
JEPTH BO B180 DIFF BO B180 DIFF IN.
2.000 32 56 88 45 -81 126 38 ~0.0426

' 4.000 ~49 42 91 -52 41 -93 _2  -0.0654
6.000 -213 174 -387 ~233 191 ~424 -37 -0.0642
8.000 -189 145 -334 ~191 144 -335 -1 -0.0420

' 10.000  -182 143 -325 -186 141 -327 -2 -0.0414

12.000 -169 129 -298 -159 126 285 13 -0.0402
14.000 -122 - 81 -203 -115 78 -193 10 ~0.0480
16.000 _51 25 -76 50 18 68 8 -0.0540

. 18.000 1 41 42 -2 -35 33 -9 -0.0588

20.000 -38 2 -40 -a1 9 50 -10 -0.0534
22.000 -110 72 ~182 ~114 71 -185 _3 -0.0474

' 24.000 -138 97 -235 -142 96 -238 -3 ~0.0456
26.000 -106 91 ~197 -108 86 -194 3 ~0.0438
28.000 _38 _3 _35 ~42 -7 -35 0 ~0.0456
30.000 65 25 -90 -69 22 -91 -1 -0.0456

l 32.000 82 41 -123 -86 39 ~125 -2 -0.0450
34.000 -116 80 ~196 -119 79 - -198 -2 -0.0438
36.000 -163 122 -285 -166 119 -285 0 _0.0426

' 38.000 -183 155 -338 -181 153 -334 4 -0.0426
40.000  -117 77 -194 -121 73 -194 0 ~0.0450
42.000 -134 95 -229 -137 01 -228 1 -0.0450

' 44.000 -149 129 ~278 -154 127 -281 -3 ~0.0456
B 2c.000 -226 210 -436 -225 206 ~431 5 ~0.0438
48.000 =135 91 _226 -137 88 =225 7 -0.0468
000 _78 59 ~137 -77 53 -130 7 ~0.0474

l _2.000 -158 126 _284 -164 127 -291 -7 -0.0516
54.000 -202 171 -373 -206 169 -375 -2 ~0.0474
56.000 -198 161 -359 ~198 157 -355 4 ~0.0462

' 58.000 -173 133 -306 ~175 130 -305 1 ~0.0486
60.000 -195 157 -352 -199 155 -354 -2 -0.0492
62.000 -190 146 -336 2193 144 -337 -1 ~0.0480
€4.000 -137 103 -240 ~141 104 ~245 -5 20.0474

' 66.000 -194 154 -348 -197 150 =347 1 ~0.0444
68.000 -190 156 _346 ~194 152 -346 0 ~0.0450
70.000 -187 150 -337 -190 148 -338 -1 ~0.0450

l 72.000 . -202 158 -360 -203 155 -358 > ~0.0444
74.000  -231 195 -426 -235 198 -433 -7 ~0.0456
76.000 -268 227 ~495 -273 224 -497 -2 ~0.0414

' 78.000 -273 231 -504 -277 227 -504 0 -0.0402
80.000 -259 217 -476 -263 214 ~477 -1 ~0.0402
82.000 -253 214 -467 -256 211 ~467 A 0 ~0.0396
84.000 -225 189 ~414 -229 186 ~415 -1 ~0.0396

' 86.000  -220 180 -400 -225 177 -402 -2 -0.0390
88.000 -187 146 -333 -192 143 -335 2 -0.0378
90.000 -173 132 ~305 -177 130 -307 -2 -0.0366

l 92.000 -169 129 -298 -172 125 ~297 1 ~0.0354
94.000 -183 161 -344 ~ _188 160 -348 " -0.0360
96.000 -257 218  -475 _258 215 -473 2 ~0.0336

' 98.000 -253 213 _466 -255 211 ~466 0 ~0.0348
-79.000 -251 213 ~464 -255 209 _464 0 ~0.0348
. J.000 -229 190 ~419 _233 187  -420 -1 ~0.0348
104.000 -187 153 -340 -193 149 -342 -2 ~0.0342
106.000 -204 163 -367 ~207 159 -366 1 -0.0330
108.000 -179 138 -317 -182 134 -316 1 ~0.0336



linted June 17,1999

Data for Hole GAlS99 Data Sets 1 and 3 PAGE 4

IENSOR: 26087
'I . |— PREVIOUS DATA —| —— CURRENT DATA — CHANGE CUM.DISP.

EPTH BO  B180 DIFF B0  B180 DIFF IN.

10.000 -146 104 -250 -149 102 -251 -1 -0.0342
ilz.ooo -116 77 -193 -119 75 -194 -1 -0.0336
14.000 -118 96 -214 -123 101 -224 -10 -0.0330
116.000  -182 143 -325 -185 139 -324 1 -0.0270
18.000 -204 167 -371 -209 165 -374 -3 -0.0276
20.000  -241 201 -442 -243 198 -441 1 -0.0258
122.000  -240 201 -441 -243 199 -442 -1 -0.0264
224.000  -235 213 -448 -240 217 -457 -9 -0.0258
lEzs.ooo -293 253 -546 -298 251 -549 -3 -0.0204
128.000 -306 266 -572 -310 265 -575 -3 -0.0186
130.000  -314 273 -587 -318 272 -590 -3 -0.0168
32.000 -328 289 -617 -333 287 -620 -3 -0.0150
34.000  -327 293 -620 -331 293 -624 -4 -0.0132
136.000  -347 309 ~-656 -347 307 -654 2 -0.0108
38.000  -311 271 -582 -315 269 -584 -2 -0.0120
40.000 -302 265 -567 -305 262 -567 ' 0 -0.0108
142.000  -249 256 -505 -269 254 -523 -18 ~-0.0108

lE‘.ND OF RECORDS
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!OPE INDICATOR DATA REDUCTION

_ PAGE 1
inted by DigiPro on June 17,1999
' “: DMC013 ~ HOLE NUMBER GA299
s. 2 description SR 101 MP 326 SLIDE
- PREVIOUS —] |~ CURRENT —|
&};A SET # 1 4
SOR # 26087 26087
TE 05/03/99 12:19 06/15/99 11:04
TADINGS PER DIRECTION 50 50
NSOR: 26087 '
}—— PREVIOUS DATA — |—— CURRENT DATA ——|  CHANGE CUM.DISP.
l DEPTH A0  A180 DIFF A0  A180 DIFF IN.
2.000 55 -63 118 62 -58 120 - 2 0.0222
4.000 112 -119 231 128 -122 250 19 0.0210
' 6.000 163 -171 334 178 -171 349 15 0.0096
8.000 274 -282 556 283 -279 562 6 0.0006
10.000 291 -298 589 300 -294 594 5 -0.0030
l 12.000 231 -242 473 240 -237 477 4 -0.0060
14.000 255 -263 518 263 -257 520 2 -0.0084
16.000 230 -238 468 237 -232 469 1 -0.0096
18.000 159 -166 325 167 -161 328 3 -0.0102
' 20.000 152 ~-161 313 160 -155 315 2 -0.0120
22.000 144 -151 295 - 152 -147 299 4 -0.0132
24.000 173 -180 353 179 -174 353 0 -0.0156
"26.000 . 213 -221 434 220 -214 - 434 0 -0.0156
28.000 256 -265 521 263 -259 522 1 -0.0156
0,000 325  -332 657 333 -326 659 2 -0.0162
' 1.000 353 -362 715 362 -358 720 5 -0.0174
34.000 327 -335 662 336 -330 666 4 -0.0204
36.000 239 -247 486 245 -238 483 -3 -0.0228
. 38.000 175 -183 358 181 -177 358 0 -0.0210
' 40.000 113 -119 - 232 119 -111 230 -2 -0.0210
© 42.000 63 -71 134 69 -63 132 -2 -0.0198
44.000 118 -125 243 125 -118 243 0 -0.0186
l 46.000 132 -138 270 138 -134 272 2 -0.0186
48.000 151  -159 310 . 159 -155 314 4 -0.0198
50.000 107 -113 220 114 -106 220 0 -0.0222
52.000 107 -114 221 113 -107 220 -1 -0.0222
. 54.000 145  -150 295 150 -142 292 -3 -0.0216
56.000 141 -147 288 146 -139 285 -3 -0.0198
58.000 145 -151 296 149 -145 294 -2 -0.0180
' 60.000 157 -162 319 161 -155 316 -3 -0.0168"
62.000 245  -254 499 250 -244 494 =5, -0.0150
64.000 361  -366 727 365 -357 722 -5 -0.0120
' 66.000 346  -352 698 . 351 -344 695 -3 -0.0090
6€8.000 221 -226 447 225 -218 443 -4 -0.0072
70.000 196 -201 397 205 -197 402 5 -0.0048 _
72.000 195 -202 397 204 -197 401 4 - -0.0078
. 74.000 237  -242 479 243 -235 478 -1 -0.0102
76.000 155 -159 314 159 -151 310 -4 -0.0096
78.000 145  -152 297 151 -145 296 -1 -0.0072
' 80.000 102 -106 208 109 -98 207 -1 ~0.0066
. }.000 94  -101 195 102 -94 196 1 -0.0060
~o4.000 107 -112 219 114 -105 219 0 -0.0066
86.000 103 -109 212 109 -103 212 0 -0.0066
l 88.000 125  -132 257 129 -123 252 -5 . -0.0066
90.000 213 -219 432 221 -212 433 1 -0.0036



linted June 17,1999

Data for Hole GA299 Data Sets 1 and 4 PAGE 2
SENSOR: 26087 :
. {——— PREVIOUS DATA —] |——— CURRENT DATA — CHANGE  CUM.DISP.
DEPTH A180 ~ DIFF A180 DIFF ' IN.
y 92.000 301 -306 607 308 -299 607 0 -0.0042
'94.000 241 -242 483 245  -235 480 -3 -0.0042
96.000 159  -164 323 164  -157 321 -2 -0.0024
98.000 74 -79 153 79 -73 152 -1 -0.0012
t;oo.ooo 166  -168 334 171 -162 333 -1 -0.0006
END OF RECORDS

)
N



inted June 17,1999 Data for Hole GA299 Data Sets 1 and 4 PAGE 3
XNSOR: 26087

vl
t

r |— PREVIOUS DATA —| |— CURRENT DATA ——|  CHANGE CUM.DISP.
JEPTH BO  B180 DIFF BO  B180 DIFF IN.
2.000 -51 17 -68 11 -61 72 140 0.1440

. 4.000 -127 82 -209 -142 74 -216 -7 0.0600
6.000 -132 92 -224 -134 77 -211 13 0.0642
8.000 -108 62 -170 -122 58 -180 -10 0.0564

' 10.000  -148 125 -273 -167 107 -274 -1 0.0624

12.000 -197 185 -382 -210 165 -375 7 0.0630
14.000  -111 78 -189 -118 61 -179 10 0.0588
16.000 -79 37 -116 -96 30 -126 -10 0.0528
l18 000 -63 35 -98 - -81 22 -103 -5 0.0588
20.000 -129 102 -231 -147 87 -234 -3 0.0618
22.000 -157 135 -292 -175 115 -290 2 0.0636
' 24.000 -167 120 -287 -183 119 -302 -15 0.0624
26.000 -198 152 -350 -214 145 -359 -9 0.0714
28.000 -226 179 -405 -224 163 -387 18 0.0768
' 30.000 -233 190 -423 -230 176 -406 17 0.0660
32.000 -174 166 -340 -190 149 -339 1 0.0558
34.000 -84 43 -127 -93 29 -122 5 0.0552
36.000 -63 18 -81 -74 1 -75 6 0.0522
' 38.000  -49 2 -51 -62 -6 -56 -5 0.0486
40.000 -42 5 -47 -57 0 -57 -10 0.0516
42.000 -106 84 -190 -122 71 -193 -3 0.0576
' 44.000 -95 55 -150 -104 41 -145 5 0.0594
46.000 -142 117 -259 -161 . 105 -266 -7 0.0564
48.000 -229 185 -414 . -225 166 -391 23 0.0606
.000  -170 130 -300 -169 113 -282 18 0.0468

' -2.000 -139 114 -253 -142 95 -237 16 0.0360
54.000 -121 75 -196 -135 75 -210 -14 0.0264
56.000 -195 156 -351 -213 155 -368 -17 0.0348
' 58.000 -219 177 -396 -220 160 -380 16 0.0450
60.000 -193 158 -351 -211 153 -364 -13 0.0354
62.000 -288 267 -555 -309 251 -560 -5 0.0432

l 64.000 -378 331 -709 -379 318 -697 12 0.0462
66.000 -349 323 -672 -364 308 -672 0 0.0390
68.000 -281 242 -523 -284 225 -509 14 0.0390

70.000  -257 212 -469 -269 197 -466 3 0.0306

' 72.000  -253 230 -483 -267 213 -480 3 0.0288

74.000 -234 199 -433 -246 182 -428 5 0.0270
76.000 -162 117 -279 -171 111 -282 -3 0.0240

I 78.000 -213 170 -383 -222 162 -384 -1 0.0258
80.000 -219 171 -390 -213 154 -367 23 0.0264
82.000 -221 181 -402 -215 164 -379 23 0.0126
84.000 -169 133 -302 -171 115 -286 16 -0.0012

' 86.000 -122 82 -204 -124 65 -189 15 -0.0108
88.000 -77 35 -112 -94 32 -126 -14 -0.0198
90.000 -82 37 -119 -98 38 -136 -17 -0.0114

l 92.000 -121 82 -203 -135 78 -213 -10 -0.0012
94.000 -123 91 -214 -137 80 -217 - -3 0.0048
96.000 -212 175 -387 -219 158 -377 10 0.0066

' 98.000 -78 61 -139 © -90 42 -132 7 0.0006
$.000 -98 91 -189 -119 76 -195 -6 -0.0036

'END OF RECORDS
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!OPE INDICATOR DATA REDUCTION

PAGE 1
inted by DigiPro on June 17,1999
‘"". DMC013  HOLE NUMBER GA399
s. descrlptlon SR 101 MP 326 SLIDE
|— PREVIOUS —] l— CURRENT —
&TA SET # 4
NSOR # 26087 26087
DATE 05/03/99 12:54 06/15/99 11:35
ADINGS PER DIRECTION 25 25
INSOR: 26087
j—— PREVIOUS DATA — }— CURRENT DATA — CHANGE  CUM.DISP.
DEPTH A0  Al80 DIFF A180 DIFF IN.
2.000 -687 647  -1334 -633 646  -1279 55 0.1284
4.000 -741 727  -1468 -717 723  -1440 28’ 0.0954
' 6.000  -741 730  -1471 -719 724  -1443 28 0.0786
8.000 -743 734  -1477 -718 722 -1440 37 0.0618
10.000 -858 848  -1706 -828 833  -1661 45 0.0396
' 12.000 -863 854  -1717 -843 850  -1693 24 0.0126
14.000 -825 811 -1636 -815 817  -1632 4 -0.0018
16.000  -829 818  -1647 -824 830  -1654 -7 -0.0042
18.000 -814 803  -1617 -810 815 . -1625 -8 0.0000
. 20.000  -783 771  -1554 . -769 772  -1541 13 0.0048
22.000° -748 735  -1483 -736 738  -1474 9 -0.0030
. 24.000 -713 701 -1414 -707 711 -1418 -4 -0.0084
' 26.000 -702 692  -1394 -695 700  -1395 -1 -0.0060
28.000 -725 714  -1439 -716 722  -1438 1 ~0.0054
30.000 -773 763  -1536 -766 771 -1537 -1 ~-0.0060
- .000  -817 810  -1627 -811 819  -1630 -3 -0.0054
l -.=.000 -850 841  -1691 -842 849  -1691 0 -0.0036
36.000 -780 768 -1548 -771 775 -1546 2 ~0.0036
38.000 -690 679  -1369 -682 688  -1370 -1 ~0.0048
' 40.000  -692 681  -1373 -685 689  -1374 -1 ~0.0042
42.000 -709 699  -1408 - =702 706  -1408 0 ~-0.0036
44.000 -681 669  -1350 -673 675  -1348 2 -0.0036
l 46.000 -675 665  -1340 -669 673  -1342. -2 ~0.0048
48.000 -695 686  -1381 -689 694  -1383 -2 ~-0.0036
50.000  -727 715  -1442 -721 725  -1446 -4 ~0.0024

'END OF RECORDS



!rinted June 17,1999 Data for Hole GA399 Data Sets 1 and 4 PAGE 2
SENSOR: 26087 '

— PREVIOUS DATA —] |—— CURRENT DATA —] CHANGE CUM.DISP.
JEPTH BO .B180 DIFF B180 DIFF ' IN.
2.000 -833 790 -1623 —655 609 -1264 359 0.2520
4.000 -807 768 -1575 -805 747 -1552 23 0.0366
6.000 -757 715  -1472 -768 701 -1469 3 0.0228
8.000 -713 . 672 -1385 -734 671 -1405 -20 0.0210
. 10.000 -694 651  -1345 -711 647 -1358 -13 0.0330
12.000 -695 672 -1367 -709 658 -1367 0 0.0408
14.000 -713 687  -1400 -718 666 -1384 16 0.0408
' 16.000 -640 599 -1239 -636 579 -1215 24 0.0312
18.000 -625 589 -1214 -625 574 -1199 15 0.0168
20.000 -588 547 -1135 -581 528 -1109 26 0.0078
22.000 -524 494 -1018 -533 480 -1013 5 -0.0078
24.000 -499 459 -958 -512 448 -960 -2 -0.0108
26.000 -477 434 -911 -493 433 -926 -15 -0.0096
28.000 -471 439 -910 -486 427 -913 -3 -0.0006
l 30.000 -498 473 -971 -515 457 -972 -1 0.0012
32.000 -567 544 . -1111 -585 530 -1115 - -4 0.0018
34.000 -691 654 -1345 -706 650 -1356 -11 0.0042
l 36.000 -659 636 -1295 -670 619 -1289 6 0.0108
38.000 -597 555 -1152 -611 537 -1148 4 0.0072
40.000 -589 544 -1133 -604 532 -1136 -3 0.0048
42.000 -582 538 -1120 -589 535 -1124 -4 0.0066
' 44.000 -564 523 -1087 -561 522 -1083 4 0.0090
46.000 -526 483 -1009 -522 485 -1007 2 0.0066
48.000 -468 441 -909 - -466 440 -906 3 0.0054
1.000 -399 382 -781 -395 380 -775 6 0.0036

ND OF RECORDS

--.---m—
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SLOPE INDICATOR DATA REDUCTION

PAGE 1
'xj_xnted by DMM on July 9,1999
. 3: DMCO013 HOLE NUMBER GA499

s..e description SR 101 MP 326 SLIDE

' ‘ }— PREVIOUS —| |- CURRENT —
ATA SET # 1 2

SENSOR # 26087 26087

ATE 06/15/99 07:57 07/09/99 08:46
'EADINGS PER DIRECTION 110 » 110

SENSOR: 26087

' —— PREVIOUS DATA —j —— CURRENT DATA ———  CHANGE  CUM.DISP.
DEPTH .

AO  A180 DIFF A0  AL80 DIFF IN.
2.000 ~64 57 “121 -79 69 ~148 -27 0.0132

l 4.000 -42 35 -77 -42 34 ~76 1 0.0294
6.000  -40 26 -66 40 25 -65 1 0.0288
8.000 -98 91 -189 ~99 91  -190 -1 0.0282
10.000 -89 81 ~170 -86 78 ~164 6 0.0288

' 12.000 165 -178 343 167  -181 348 5 '0.0252
14.000 234  -242 476 233 -242 475 -1 0.0222
16.000 223 -234 457 223  -235 458 1 0.0228

. 18.000 228  -237 465 227  -238 465 0 0.0222
20.000 233 -242 475 232  -243 475 0 0.0222
22.000 204  -213 417 204  -215 419 2 0.0222
24.000 183  -190 373 183  -190 373 0 0.0210

l 26.000 236  -248 484 235  -249 484 0 0.0210
28.000 261  -269 530 259  -269 528 -2 0.0210
©9.000 149  -158 307 148  -158 306 -1 0.0222

I ©1.000 145  -154 299 144 -157 301 2 1 0.0228
34.000 135  -142 277 135  -142 277 0 0.0216
36.000 110  -122 232 111 -124 235 3 0.0216

' 38.000 201  -210 411 202  -210 412 1 0.0198
40.000 164 -174 338 163  -174 337 -1 0.0192
42.000 137  -146 283 135 -146 281 -2 0.0198
44.000 138  -145 283 138  -146 284 1 0.0210

l 46.000 174  -186 360 174  -187 361 1 0.0204
48.000 207  -216 423 208  -218 426 3 0.0198
50.000 234  -243 477 234  -242 476 -1 0.0180

' 52.000 234  -243 477 233 -244 477 .0 0.0186
54.000 211  -219 430 211 -220 431 1 0.0186
56.000 157  -166 323 155  -167 322 -1 0.0180
58.000 74 -82 156 73 -83 156 0 0.0186

l 60.000 -50 41 -91 . -50 41 -91 0 0.0186
62.000 -31 19 -50 -31 18 -49 1 0.0186
64.000 79 -86 165 79 -86 165 0 0.0180

' 66.000 100  -116 216 99  -112 211 -5 0.0180
68.000 113 -126 239 114  -124 238 -1 0.0210
70.000 104  -118 222 106  -119 225 3 0.0216

' 72.000 69 -81 150 70 -85 155 5 0.0198
74.000 54 -66 120 55 -71 126 6 0.0168
76.000 62 -78 140 59 -78 137 -3 0.0132
78.000 96  -109 205 94  -109 203 -2 0.0150

' ~R0.000 85 -99 184 82 -99 181 -3 0.0162
2.000 63 -77 140 62 -78 140 0 0.0180
'84.000 60 -69 129 61 -70 131 2 0.0180
l 86.000 41 -52 93 41 -53 94 1 0.0168



SLOPE INDICATOR DATA REDUCTION

PAGE 1
.rinted by DMM on July 9,1999
'3: DMC013  HOLE NUMBER GA499
s..e description SR 101 MP 326 SLIDE

|— PREVIOUS — . |— CURRENT —
ATA SET # 1 2
SENSOR # 26087 26087
ATE 06/15/99 07:57 07/09/99 08:46

EADINGS PER DIRECTION 110

110
SENSOR: 26087

l F—— PREVIOUS DATA — —— CURRENT DATA ——  CHANGE CUM.DISP.
DEPTH A0 2180 DIFF A0 A180 DIFF IN.
88.000 105  -115 220 107  -117 224 4 0.0162
' 90.000 111 -122 233 112 -122 234 1 0.0138
92.000 107  -117 224 © 107 -116 223 -1 0.0132
94.000 143 -153 296 143  -153 296 0 0.0138
196.000 176  -185 361 175  -185 360 -1 0.0138
l 98.000 185  -193 378 184  -193 377 -1 0.0144
100.000 161 -171 332 _ 162 -172 334 2 0.0150
102.000 140  -150 290 141 -150 291 1 0.0138
'104.000 146  -155 301 146  -154 300 -1 0.0132
106.000 108  -118 226 107  -117 224 -2 0.0138
108.000 95  -104 199 94  -104 198 -1 0.0150
110.000 34 -44 .78 34 -45 79 1 0.0156
. 112.000 -17 7 -24 -17 6 -23 1 0.0150
114.000 -64 57 -121 -64 57 -121 0 0.0144
©$.000 74 -90 164 74 -89 163 -1 0.0144
l 3.000 183  -191 374 183  -191 374 0 0.0150
120.000 179  -190 369 178  -189 367 -2 0.0150
122.000 142 -152 294 141 -153 294 0 0.0162
' 124.000 141 -149 290 142  -151 293 3 0.0162
126.000 137  -147 284 136 - -148 284 0 0.0144
128.000 103 -113 . 216 104  -113 217 1 0.0144
130.000 145  -157 302 145  -155 300 -2 0.0138
' 132.000 192 -202 394 191  -203 394 0 0.0150
134.000 151 -158 - 309 151  -160 311 2 0.0150
136.000 96  -107 203 95  -109 204 1 0.0138
' 138.000 136  -146 282 135 -147 282 0 0.0132
140.000 197  -207 404 197  -207 404 0 0.0132
142.000 189  -198 387 189  -198 387 0 0.0132
144.000 173 -183 356 173 -182 355 -1 0.0132
. 146.000 77 -87 164 77 -86 163 -1 0.0138
148.000 37 -46 83 37 -46 83 0 0.0144
150.000 14 -23 . 37 14 -24 38 1 0.0144
l 152.000 16 -26 42 17 -26 43 1 0.0138
154.000 37 -47 84 38 -46 84 0 0.0132
156.000 33 -43 76 33 -43 76 0 0.0132
l 158.000 61 -71 132 61 -70 131 -1 0.0132
160.000 109  -119 228 107  -119 226 -2 0.0138
162.000 157  -168 325 158  -170 328 3 0.0150
164.000 259  -269 528 259  -270 529 1 0.0132
' 166.000 282  -292 574 283  -293 576 2 0.0126
B.000 259  -269 528 261 -269 530 2 0.0114
170.000 273 -281 554 ‘ 273  -280 553 -1 0.0102
. 172.000 173  -181 354 173  -182 355 1 0.0108



;LOPE INDICATOR DATA REDUCTION

PAGE 1

iinted by DMM on July 9,1999
Y: DMCO013 HOLE NUMBER GA499

si.e description SR 101 MPp 326 SLIDE

- PREVIOUS —] I— CURRENT —]
TA SET # 1 2
SENSOR # 26087 26087
TE 06/15/99 07:57 07/09/99 08:46
ADINGS PER DIRECTION 110 110

SENSOR: 26087

l[ © |—— PREVIOUS DATA —| [—— CURRENT DATA —— CHANGE
DEPTH

CUM.DISP.

AQ Al80 DIFF A0 A180 DIFF IN.
174.000 118 -127 245 117 -127 244 -1 0.0102
176.000 68 -78 146 67 ~-79 146 0 0.0108
178.000 102 -111 213 103 -1312 215 2 0.0108
180.000 | 93 -104 197 S4 -103 197 0 0.0096
182.000 129 -141 270 130 -141 271 1 0.0096
l184.000 162 -171 333 163 -170 333 0 0.0090
186.000 80 -88 168 78 -87 165 -3 0.0090
188.000 39 -48 87 38 -47 85 -2 0.0108
ll90.000 -8 3 -11 -7 3 -10 1 0.0120
192.000 -19 5 o -24 -17 3 -20 4 0.0114
194.000 14 -23 37 15 -23 38 1 0.0090
196.000 -180 171 -351 -182 173 -355 -4 0.0084
.198.000 -41 19 -60 -38 17 -55 5 0.0108
200.000 73 -76 149 74 -78 152 3 0.0078
2.000 105 -118 223 107 -122 229 6 0.0060
£.000 182 -187 369 182 -187 369 0 0.0024
206.000 -21 14 -35 -20 16 -36 -1 0.0024
208.000 -22 11 -33 -21 12 -33 0 0.0030
210.000 -17 2 -19 -13 -1 -14 5 0.0030
212.000 55 -65 - 120 55 -65 120 0 0.0000
214.000 107 -116 223 - 109 -118 227 4 0.0000
216.000 -34 29 -63 -35 32 -67 -4 -0.0024
218.000 -65 55 -120 -63 55 -118 2 0.0000
220.000 -50 38 -88 -49 41 -90 -2 -0.0012

END OF RECORDS



!OPE INDICATOR DATA REDUCTION

PAGE 1

inted by DMM on July 9,1999
""E: DMC013  HOLE NUMBER GA499
. 52 description SR 101 MP 326 SLIDE '

|- PREVIOUS — |- CURRENT —]

';TA SET # 1 2
SENSOR # 26087 26087
OATE - 06/15/99 07:57 07/09/99 08:46

ADINGS PER DIRECTION 110 110

NSOR: 26087

[—— PREVIOUS DATA — f—— CURRENT DATA — CHANGE  CUM.DISP.

' DEPTH BO  B180 DIFF BO  B180 DIFF IN.
2.000 -43 10 -53 -54 14 -68 -15 -0.0120
4.000 -40 11 -51 -42 9 -51 0 -0.0030

l 6.000  -191 156 -347 ~197 152 -349 -2 -0.0030
8.000 -121 98 -219 -127 92 -219 0 -0.0018
10.000 -18 -7 -11 -19 -14 -5 6 -0.0018

' 12.000 92  -131 223 95  -133 . 228 5 -0.0054
14.000 106  -148 254 108  -142 250 -4 -0.0084
16.000 82  -125 207 87  -126 213 6 -0.0060
18.000 104  -146 250 111 -144 = 255 5 -0.0096

l 20.000 101 -147 248 107  -142 249 1 -0.0126
22.000 86  -131 217 95  -134 229 12 -0.0132
24.000 110  -145 255 118 = -153 271 16 -0.0204

' 26.000 113 -151 264 109  -154 263 -1 -0.0300
28.000 166  -210 376 179  -207 386 10 -0.0294
20.000 169 -214 383 177  -204 381 -2 -0.0354

' 1.000 157 -201 358 162 -191 353 -5 -0.0342
54.000 169  -208 377 167 -201 368 -9 -0.0312
36.000 69 -103 172 59  -109 168 -4 -0.0258
38.000 47 -91 138 59 -97 156 18 -0.0234

' 40.000 53 -97 150 48 -87 135 -15 -0.0342
42.000 26 -69 95 33 -61 94 -1 -0.0252

44 .000 22 -63 85 30 -54 84 -1 -0.0246

l 46.000 3 ~43 46 4 -45 49 3 ~0.0240
48.000 54 -79 133 47 -85 132 -1 -0.0258
50.000 119  -157 276 126  -163 289 .13 -0.0252
52.000 172  -215 387 183  -211 394 7 -0.0330

l 54.000 190  -219 409 188  -218 406 -3 -0.0372
56.000 . 103  -125 228 96  -130 226 -2 -0.0354
58.000 54  -102 156 68  -101 169 13 -0.0342

' 60.000 78  -124 202 85  -114 199 -3 -0.0420
62.000 164 - -193 357 156  -200 356 -1 -0.0402
64.000 115  -144 259 109  -149 258 -1 ~0.0396

l 66.000 52 -92 144 65 -108 173 29 ~0.0390
68.000 35 -83 118 57 -84 141 23 -0.0564
70.000 23 -71 94 44 -69 113 19 -0.0702
72.000 28 -77 105 43 -65 108 3
l 74 .000 28 -73 101 37 -61 98 -3 -0.0834
76.000 21 -67 88 19 ' -53 72 -16 -0.0816
78.000 27 -75 102 33 -71 104 2 -0.0720
' 1 80.000 46  -92 138 55 -94 149 11 -0.0732
2.000 77  -126 203 82  -131 213 10 -0.0798
,4.000 95  -143 238 94  -137 231 : -7 -0.0858
l 86.000 59  -100 159 54 -98 152 -7 -0.0816

-0.0816



.LOPE INDICATOR DATA REDUCTION

PAGE 1
inted by DMM on July 9,1999
'me: DMCO013 HOLE NUMBER GA499
¢ » description SR 101 MP 326 SLIDE '
| PREVIOUS —| - CURRENT —|
!ATA SET # 1 2
ENSOR 26087 26087
ATE 06/15/99 07:57 07/09/99 08:46
iEADINGS PER DIRECTION 110 110
ENSOR: 26087
|—— PREVIOUS DATA — }—— CURRENT DATA — CHANGE  CUM.DISP.
l DEPTH BO B180 DIFF BO B180 DIFF IN.
88.000 21 -69 90 - 13 -55 68 -22 -0.0774
50.000 -4 -45 41 -11 -31 20 -21 -0.0642
l 92.000 . -42 -6 -36 -40 6 -46 ~10 -0.0516
94.000 -68 23 -91 -55 27 -82 9 -0.0456
. 96.000 -62 25 -87 -62 22 -84 3 ~-0.0510
l 98.000 -61 13 -74 -66 26 -92 -18 . -0.0528
100.000 -85 34 -119 -75 37 -112 . 7 -0.0420
102.000 -97 49 -146 -85 43 -128 18 -0.0462
104.000 -79 46 -125 -82 41 -123 2 -0.0570
'106.000 5 -37 42 -1 -45 44 2 -0.0582
108.000 85 -126 211 82 -123 205 -6 -0.0594
110.000 5 -31 36 -2 -38 36 0 -0.0558
I112.ooo -64 31 -95 -69 29 -98 -3 -0.0558
114.000 -101 78 -179 -109 78 -187 -8 -0.0540
116.000 -207 192 -399 -201 189 - -390 ‘ 9 -0.0492
l 1,000 -29 2 -31 -32 -6 -26 5 -0.0546
~_J.000 -19 -10 -9 -26 -17 -9 0 -0.0576
122.000 -95 50 -145 -101 60 -161 -16 -0.0576
124.000 -147 97 -244 -131 99 -230 14 -0.0480
I 126.000 -151 106 -257 -140 102 -242 15 -0.0564
128.000 -108 62 ~170 -97 56 -153 17 -0.0654
130.000 -48 3 -51 -38 -1 -37 14 -0.0756
l 132.000 -20 -26 6 -27 -15 -12 -18 ~0.0840
134.000 -64 26 -90 -62 26 -88 ‘ 2 -0.0732
136.000 -91 50 -141 -93 53 -146 -5 ~0.0744
138.000 -101 62 -163 -107 68 -175 -12 -0.0714
' 140.000 -124 77 -201 -111 71 -182 19 -0.0642
142.000 -89 42 -131 T =77 34 -111 20 -0.0756
144.000 - -62 23 -85 - -57 15 -72 13 -0.0876
' 146.000 -14 -24 10 -14 -29 15 5 -0.0954
148.000 -27 -22 -5 -33 -8 -25 -20 -0.0984
150.000 -40 -9 -31 -45 4 -49 -18 -0.0864
l 152.000 -37 -13 -24 -41 3 -44 =20 -0.0756
154.000 -47 1 -48 -47 13 -60 -12 -0.0636
156.000 -45 3 -48 -46 3 -49 -1 -0.0564
158.000 -39 -9 -30 -45 3 -48 -+ -18 -0.0558
l 160.000 -48 -2 -46 -54 11 -65 -19 -0.0450
162.000 -78 27 -105 -82 42 -124 -19 -0.0336
164.000 -110 67 -177 -114 77 -191 -14 -0.0222
l 166.000 -137 94 -231 -134 93 -227 4 -0.0138
©78.000 -104 57 -161 -111 70 -181 -20 -0.0162
13.000 -131 86 -217 -122 83 -205 12 -0.0042
' 172.000 -84 39 -123 -85 46 -131 -8 -0.0114



!/OPE INDICATOR DATA REDUCTION

PAGE 1
':inted by DMM on July 9,1999
@ . DMCO13  HOLE NUMBER GA499

¢ .e description SR 101 MP 326 SLIDE

= PREVIOUS —| |~ CURRENT —|

lATA SET # 1 2

SENSOR # 26087 26087
TE 06/15/99 07:57 07/09/99 08:46
ADINGS PER DIRECTION 110 110 ‘
ENSOR: 26087 ‘

I |—— PREVIOUS DATA — |—— CURRENT DATA — CHANGE  CUM.DISP.

DEPTH BO  B180 DIFF BO  B180 DIFF - IN.

174.000 -118 75 -193 -111 80 -191 2 -0.0066

l176.ooo -120 92 -212 -126 91 -217 -5 -0.0078
178.000 -156 113 -269 -155 - 121 -276 -7 -0.0048
180.000 -146 117 -263 -147 115 -262 1 -0.0006
182.000 22 -38 60 15 -50 65 5 -0.0012
184.000 34 -61 95 27 -63 90 -5 -0.0042
186.000 -5 -30 25 -9 -38 29 4 -0.0012
188.000 1 -50 51 -6 -39 33 -18 -0.0036
190.000 -1 -37 36 -1 -34 33 -3 0.0072
192.000 -73 53 -126 -78 49 -127 -1 0.0090
194.000 -83 49 -132 -88 45 -133 -1 0.0096
196.000 13 -38 51 5 -44 49 -2 0.0102
198.000 -159 139 -298 -168 140 -308 -10 0.0114
200.000 -172 144 -316 ~170 139 -309 7 0.0174
~"2.000 -80 59 -139 -81 58 -139 0 0.0132

:.000 -154 122 -276 ~-155 116 -271 5 0.0132

206.000 -134 . 117 -251 ~133 116 -249 2 0.0102
208.000 190 -201 391 185 -206 391 0 0.0090
210.000 -60 22 -82 -62 17 -79 3 0.0090
212.000 -120 106 -226 -129 105 -234 -8 0.0072
214.000 -207 173 -380 -202 167 -369 11 0.0120
216.000 -175 160 -335 -174 152 -326 9 0.0054
218.000 -43 0 -43 -50 -8 -42 1 0.0000
220.000 -31 22 -53 -39 15 -54 -1 -0.0006

END OF RECORDS
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!)PE INDICATOR DATA REDUCTION

PAGE

lihted by DMM on July 8,1999
=: DMCO13 HOLE NUMBER GAS599

. . description SR 101 MP 326 SLIDE

I PREVIOUS —] F— CURRENT —]
A SET # 1 3

ENSOR # 26087 26087

&TE 05/18/99 10:09 07/08/99 10:53

!ADINGS PER DIRECTION 73 73

WNSOR: 26087 .

l |—— PREVIOUS DATA —| |—— CURRENT DATA —— CHANGE  CUM.DISP.
DEPTH AO A180 DIFF A0 A180 DIFF IN.
2.000 231 -246 477 242 -258 500 23 0.1860
4.000 167 -181 348 175 -182 357 9 0.1722

l 6.000 227 -241 468 238 -245 483 15 0.1668
8.000" 28¢ ~-301 589 296 -305 601 12 0.1578

10.000 289 -301 590 298 -304 602 12 0.1506

l12.ooov 214 ~229 443 225 -231 456 13 0.1434
14.000 150 -163 313 156 -165 321 8 0.1356
16.000 90 -104 194 98 -105 203 9 0.1308

'18.000 93 -107 200 98 -105 203 3 0.1254
20.000 191 -203 394 201 -207 408 14 0.1236
22.000 265 -2717 542 271 -278 549 7 0.1152
24 .000 298 -310 608 305 -311 616 8 0.1110

l26.000 299 -312 611 307 -314 621 10 0.1062

'28.000 275 -287 562 282 -289 571 9 0.1002
~a.000 254 -267 521 261 -267 528 7 0.0948

. . 000 293 -306 599 301 -306 607 8 0.0906
34.000 323 -335 658 330 -336 666 8 0.0858
36.000 320 -334 654 327 -334 661 7 0.0810
38.000 311 -324 635 . 318 -324 642 7 0.0768

' 40.000 273 -285 558 281 -284 565 7 0.0726
42.000 227 -239 466 234 -238 472 6 0.0684
44.000 221 -233 454 227 -233 460 6 0.0648

' 46.000 229 -241 470 236 -241 477 7 0.0612
48.000 307 -320 627 314 -321 635 8 0.0570
50.000 233 -245 478 238. -244 482 4 0.0522

. 52.000 274 -286 560 279 -286 565 5 0.0498
54.000 272 -285 557 278 -285 563 6 0.0468
56.000 222 -235 457 228 -234 462 5 0.0432
58.000 90 -101 191 95 -100 195 4 0.0402

' 60.000 130 -141 271 134 -141 275 4 0.0378
62.000 145 -156 301 149 -154 303 2 0.0354
64.000 9 -19 28 11 -16 27 -1 0.0342

l 66.000 -81 70 -151 -79 73 -152 -1 0.0348
68.000 -114 102 -216 -112 106 -218 -2 0.0354
70.000 -86 77 -163 -85 79 -164 -1 0.0366
72.000 -43 34 -77 -41 37 -78 -1 0.0372

' 74.000 -51 42 -93 -50 45 -95 -2 0.0378
76 .000 79 -89 168 82 -89 171 3 0.0390
78.000 118 -126 244 121 -125 246 2 0.0372

' 80.000 163 -174 337 167 -173 340 3 0.0360

}.000 212 -221 433 214 -218 432 -1 0.0342
+4.000 287 -296 583 289 -294 583 0 0.0348
l 86.000 314  -325 639 317  -323 640 1 0.0348



!OPE INDICATOR DATA REDUCTION

PAGE 1
Binted by DMM on July 8,1999
"*?.: DMC013  HOLE NUMBER GA599
3 . description SR 101 MP 326 SLIDE
l— PREVIOUS — }— CURRENT —
!TA SET # 1 3
SENSOR # 26087 26087
TE ' 05/18/99 10:09 07/08/99 10:53
ADINGS PER DIRECTION 73 73
NSOR: 26087
|—— PREVIOUS DATA —| [—— CURRENT DATA —| CHANGE  CUM.DISP.
' DEPTH A0  Al80 DIFF A0  Al80 DIFF IN.
88.000 309 -318 627 312 -317 629 2 0.0342
90.000 289 -297 586 293 -297 590 4 0.0330
l92.ooo 219 -229 448 - 222 -227 449 1 0.0306
94.000 180 -189 369 182 -186 368 -1 0.0300
96.000 63 -73 136 66 -70 136 0 0.0306
'198.000 -53 43 -96 -50 47 -97 -1 0.0306
00.000 -79 66 -145 -75 69 -144 1 0.0312
102.000 -205 197 -402 -203 199 -402 0 0.0306
104.000 -178 169 -347 -175 170 -345 2 0.0306
106.000 -112 102 -214 -109 105 -214 0 0.0294
108.000 -59 54 -113 -56 54 -110 3 0.0294
110.000 22 -31 53 26 -30 56 3 0.0276
112.000 111 -117 228 116 -119 235 7 0.0258
114.000 200 -210 410 203 -209 412 2 0.0216
116.000 225 -233 458 230 -237 467 9 0.0204
5.000 299 -306 605 303 -307 610 5 0.0150
1.0.000 303 -310 613 306 -309 615 2 0.0120
122.000 308 -317 625 311 -315 626 1 0.0108
124.000 298 -307 605 302 -307 609 4 0.0102
126.000 154 -164 318 157 -162 319 1 0.0078
128.000 12 -22 34 13 =17 30 -4 0.0072
130.000 -65 58 -123 , -63 60 -123 0 0.0096
132.000 -118 109 -227 -113 110 -223 4 0.0096
134.000 -139 130 -269 -135 131 -266 3 0.0072
136.000 -118 108 -226 -113 108 -221 5 0.0054
138.000 -54 45 -99 -49 45 -94 5 0.0024
140.000 3 -11 14 7 -10 17 3 -0.0006
142.000 72 -80 152 74 -77 151 -1 -0.0024
0 -0.0018
146.000 . 150 ~159 309 . 152 -154 306 -3 -0.0018

END OF RECORDS

l144.000 132 ~-141 273 135 -138 273



!DPE INDICATOR DATA REDUCTION

PAGE 1
"mted by DMM on July 8,1999
. DMCO13  HOLE NUMBER GA599
_ . description SR 101 MP 326 SLIDE
|- PREVIOUS — |- CURRENT —|
lTA SET # 1 3
JENSOR # 26087 26087
TE 05/18/99 10:09 07/08/99 10:53
ADINGS PER DIRECTION 73 73
JENSOR: 26087
' —— PREVIOUS DATA — —— CURRENT DATA —  CHANGE  CUM.DISP.
DEPTH BO  B180 DIFF BO  B180 DIFF | CIN.
.000 -81 57 -138 -129 95  -224 -86 -0.0312
4 000 -45 -3 -42 -55 10 -65 -23 0.0204
' 6.000 -65 51 -116 -78 49 ~127 ~11 0.0342
8.000 -248 224 ~472 -260 219 -479 -7 0.0408
10.000  -241 235 -476 ~247 229 -476 0 0.0450
'12.000 -89 51 -140 -95 51 -146 -6 0.0450
14.000 -178 150 -328 -187 147 -334 . -6 0.0486
6.000 -294 269 -563 ~303 265 -568 -5 0.0522
l 8.000  -383 339 -722 -380 337 -717 5 0.0552
0.000  -341 294 -635 -334 290 -624 11 0.0522
2.000 -293 245 -538 -278 237 -515 23 0.0456
24.000 -278 238 -516 -272 234 -506 10 0.0318
l 26.000  -233 208 -441 -241 - 209 ~450 -9 0.0258
28.000  -140 123 -263 -147 114 -261 2 0.0312
~9.000 -38 17 -55 -45 9 -54 1 0.0300
l 000 67  -110 177 68  -115 183 5 0.0294
34.000 94  -134 228 88  -130 218 -10 0.0258
36.000 68 -97 165 62 ~97 159 -6 0.0318
38.000 14 -47 61 7 ~49 s6 -5 0.0354
' 40.000 4 -54 58 -2 -58 56 -2 0.0384
42.000 10 -58 68 1 -56 57 -11 0.0396
44.000 -16 -2 -14 -25 -8 -17 -3 0.0462
l 46.000  -110 98 -208 ~118 94 -212 -4 0.0480
48.000 -224 197 -421 -230 200 -430 -9 0.0504
50.000  -281 233 -514 ~284 242 -526 -12 0.0558
' 52.000 -273 244 -517 -281 240 -521 -4 0.0630
54.000 -361 319 -680 -369 329 -698 -18 0.0654
56.000 -375 346 -721 -374 345 -719 ' 2 0.0762
58.000  -265 259 -524 -271 249 -520 4 0.0750
' 60.000  -151 106 -257 -141 98 -239 18 0.0726
62.000 -119 72 -191 -105 70 -175 16 0.0618
64.000 -57 11 -68 -49 6 -55 13 0.0522
' 66.000 -27 -2 -25 -29 -5 -24 1 0.0444
68.000 -79 65 -144 -88 55 ~143 1 0.0438
70.000  -119 86 -205 ~126 87 ~213 -8 0.0432
' 72.000 -75 52 -127 -77 42 . -119 8 0.0480
74.000 8 -51 59 : 9 -54 63 4 0.0432
76.000 29 -67 96 34 -70 104 8 0.0408
78.000 106 -130 236 102 -138 240 4 0.0360
l 80.000 154  -184 338 146  -187 333 -5 0.0336
1.000 105  -132 237 97  -137 234 -3 0.0366
04 .000 35 -64 99 29 -69 98 -1 0.0384
' 86.000 _37 5 42 43 9 -52 -10 0.0390



!OPE INDICATOR DATA REDUCTION

: : PAGE 1
li_nted by DMM on July 8,1999
1: DMC013  HOLE NUMBER GAS599
5._.e description SR 101 MP 326 SLIDE
|— PREVIOUS —| }— CURRENT —|
:lTA SET # 1 3
SENSOR # 26087 26087
TE 05/18/99 10:09 07/08/99 10:53
ADINGS PER DIRECTION 73 73
NSOR: 26087
l |—— PREVIOUS DATA — |——— CURRENT DATA ——| CHANGE  CUM.DISP.
DEPTH BO  B180 DIFF B180 DIFF IN.
88.000  -110 74 -184 —114 69 -183 1 0.0450
l9o.ooo -172 145 -317 -179 141 -320 -3 0.0444
92.000  -266 223 -489 -272 231 -503 -14 0.0462
94.000  -321 273 -594 -326 282 -608 -14 0.0546
'96.000  -351 313 -664 -345 306 -651 13 0.0630
.198.000 -324 295 -619 -327 289 -616 3 0.0552
00.000  -282 277 -559 -286 270 -556 3 0.0534
102.000  -107 77 -184 -105 69 -174 10 0.0516
l104.ooo -46 -1 -45 -34 -3 -31 14 0.0456
106.000 17 -58 75 19 -65 84 9 0.0372
108.000 41 -67 108 37 -74 111 3 0.0318
110.000 144  -182 326 153  -191 344 18 0.0300
112.000 180  -227 407 174  -213 387 -20 0.0192
114.000 153  -201 354 149  -187 336 -18 0.0312
" 2.000 142 -173 315 137  -173 310 -5 0.0420
l ;.000 14 -54 68 9 -57 66 -2 0.0450
120.000" -55 31 -86 -63 25 -88 -2 0.0462
122.000  -147 122 -269 -155 115 -270 -1 0.0474
l124.ooo -219 191 -410 -226 189 -415 -5 0.0480
126.000  -325 291 -616 -325 288 -613 3 0.0510
128.000 . -252 219 -471 -257 215 -472 -1 0.0492
130.000  -223 177 -400 -206 169 -375 25 0.0498
l132.ooo -196 150 -346 -181 143 -324 22 0.0348
134.000  -157 110 -267 -142 102 -244 23 0.0216
136.000  -124 94 -218 -119 90 -209 9 0.0078
l138.000 -119 85 -204 -124 82 -206 -2 0.0024
140.000  -103 57 -160 -109 52 -161 -1 0.0036
142.000 -99 50 -149 -102 46 -148 1 0.0042
144.000 -85 37 -122 -83 31 -114 8 0.0036
146.000 - -23 34 -57 -31 28 -59 -2 -0.0012

END OF RECORDS
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lLOPE INDICATOR DATA REDUCTION

— PAGE 1
inted by DigiPro on June 17,1999
lf‘*t;: DMC013  HOLE NUMBER GA699
s ! description SR 101 MP 326 SLIDE
|- PREVIOUS —] |— CURRENT —
!I];TA SET # 1 3
NSOR # 26087 26087
DATE 05/10/99 08:02 06/15/99 12:04
EADINGS PER DIRECTION 35 35
ENSOR: 26087
|—— PREVIOUS DATA — |—— CURRENT DATA ——] CHANGE CUM.DISP.
l DEPTH A0  A180 DIFF A180 DIFF IN.
2.000 350 -372 722 327 -340 667 -55 -0.1512
4.000 241 -253 494 249 -245 494 0 -0.1182
l 6.000 130 -142 - 272 159 -155 314 42 -0.1182
8.000 -225 214 -439 =226 231 -457 -18 -0.1434
10.000 -278 261 -539 ~272 273 -545 -6 -0.1326
l 12.000 -234 223 -457 -228 233 -461 -4 -0.1290
14.000 -231 219 -450 ~-226 231 -457 -7 -0.1266
16.000 ~256 245 . -501 -247 253 -500 1 -0.1224
18.000 ~-352 340 -692 -345 349 -694 -2 -0.1230
l 20.000 -436 421 -857 -429 430 -859 -2 . -0.1218
22.000 -326 319 -645 -319 329 -648 -3~ -0.1206
24.000 -314 300 -614 -311 313 -624 ' ~-10 -0.1188
l 26.000 -230 218 -448 -229 233 -462 -14 -0.1128
28.000 -241 229 -470 -238 243 -481 -11 -0.1044
30.000 -284 271 -555 -278 283 -561 -6 -0.0978
.000 -347 337 -684 -346 354 -700 -16 -0.0942
l -+.000 . -210 198 -408 -209 214 -423 -15 -0.0846
36.000 -213 202 -415 - -211 218 -429 -14 -0.0756
38.000 -225 213 -438 ~-225 230 -455 -17 -0.0672
. 40.000 - -231 218 -449 . -231 237 -468 -19 -0.0570
42.000 -297 285 -582 -291 299 -590 -8 -0.0456
44.000 -322 310 -632 -320 326 -646 -14 -0.0408
l 46.000 -261 250 -511 -256 262 -518 -7 -0.0324
48.000 -265 254 -519 -263 268 -531 -12 -0.0282
50.000 -239 227 -466 -237 242 -479 -13; -0.0210
52.000 -202 193 -395 -198 205 -403 -8 -0.0132
. 54.000 -196 186 -382 -189 195 -384 -2 -0.0084
56.000 -202 191 -393 -194 201 -395 -2 -0.0072
58.000 -215 203 -418 -207 213 -420 ' -2 -0.0060
l 60.000 -219 206 -425 -211 217  -428 -3 -0.0048
62.000 -210 199 -409 -201 207 -408 1 -0.0030
64.000 -242 230 -472 -234 239 . -473 -1 -0.0036
. 66.000 -267 257 -524 -259 266 -525 -1 -0.0030
68.000 -286 275 -561 -279 283 -562 -1 -0.0024
70.000 -200 190 -390 -194 199 -393 -3 -0.0018

IEND OF RECORDS



.:inted June 17,1999 Data for Hole GA699 Data Sets 1 and 3 PAGE 2
SENSOR: 26087

}—— PREVIOUS DATA —] }—— CURRENT DATA ——|  CHANGE  CUM.DISP.
/EPTH B180 DIFF B180 DIFF IN.
2.000 -679 653  -1332 —681 634  -1315 17 -0.0444
4.000 -722 682  -1404 -737 678  -1415 -11 -~ -0.0546
6.000 -682 659  -1341 -710 645  -1355 -14 -0.0480
8.000 -591 = 566  -1157 -614 553  -1167 -10 -0.0396
'10.000 -495 471 -966 -515 455 -970 -4 -0.0336
12.000  -349 322 -671 -364 310 -674 -3 -0.0312
14.000 -183 168 -351 -202 141 -343 A 8 -0.0294
16.000 -58 35 -93 -80 21 -101 ‘ -8 -0.0342
' 18.000 87  -113 200 69  -130 199 -1 -0.0294
20.000 166  -204 370 146  -212 358 ' -12 -0.0288
22.000 3 -10 13 -16 -31 15 2 -0.0216
l 24.000 -303 297 -600 -318 282 -600 0 -0.0228
26.000  -407 377 -784 -425 370 -795 -11 -0.0228
28.000 -278 254 -532 -298 238 -536 -4 -0.0162
30.000 -164 134 -298 -179 117 -296 2 -0.0138
32.000 -102 71 -173 -120 61 -181 -8 -0.0150
34.000 -198 157 -355 - -217 160 -377 -22 -0.0102
36.000  -213 166 -379 -226 165 -391 -12 0.0030
l 38.000  -247 203 -450 -261 194 ~455 -5 0.0102
40.000  -216 190 -406 -229 171 -400 6 0.0132
42.000  -249 245 -494 -264 229 -493 1 0.0096
l 44.000  -341 317 -658 -357 295 -652 6 0.0090
46.000 -264 221 -485 -266 201 -467 18 0.0054
© 48.000  -262 218 -480 -278 215 -493 -13 -0.0054
..000  -283 236 -519 _ -288 219 -507 12 0.0024
l -2.000  -248 215 -463 -268 209 -477 -14 -0.0048
54.000 -250 206 -456 -270 210 -480 -24 0.0036
56.000 -279 237 -516 -299 226 -525 -9 0.0180
' 58.000  -310 265 -575 -327 251 -578 -3 0.0234
60.000  -322 277 -599 -322 262 -584 15 0.0252
62.000 -275 239 -514 -274 222 -496 18 0.0162
l 64.000  -199 158 -357 -203 141 -344 13 0.0054
66.000 -153 109 -262 -171 94 -265 -3 -0.0024
68.000  -185 143 ~ -328 -205 126 -331 -3 -0.0006
Fm.ooo -156 166 -322 -177 143 -320 2 0.0012

END OF RECORDS
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lOPE INDICATOR DATA REDUCTION

. PAGE 1
inted by DMM on June 9,1999
FTE: DMC013  HOLE NUMBER GA799
“e description SR 101 MP 326 SLIDE
|— PREVIOUS —] I~ CURRENT —
kTA SET # 1 2
NSOR # 26087 26087
DATE - 05/20/99 08:38 06/09/99 09:51
ADINGS PER DIRECTION 21 21
NSOR: 26087
|—— PREVIOUS DATA — —— CURRENT DATA —] CHANGE  CUM.DISP.
l DEPTH A0  A180 DIFF A0  Al180 DIFF IN.
2.000 -154 141 -295 -159 147 -306 -11 -0.0180
4.000 -226 215 -441 -225 216 -441 0 -0.0114
6.000 ~-234 225 -459 -235 226 -461 -2 -0.0114
8.000 -191 182 -373 -191 184 -375 -2 -0.0102
10.000 -209 200 -409 -209 201 -410 -1 -0.0090
12.000 -195 186 -381 -195 187 =382 -1 -0.0084
14.000 -135 123 -258 -134 125 -259 -1 -0.0078
16.000 -115 105 -220 -115 106 -221 -1 -0.0072
18.000 -135 125 -260 -135 126 -261 -1 -0.0066
20.000 -147 139 -286 -147 140 -287 -1 -0.0060
22.000 -159 149 -308 -160 150 -310 -2 -0.0054
24.000 -163 149 -312 -162 150 -312 0 -0.0042
26.000 -147 134 -281 -146 136 -282 -1 -0.0042
28.000 -142 131 -273 -141 133 -274 -1 -0.0036
30.000 -143 135 -278 -143 137 -280 -2 -0.0030
22.000 -126 117 -243 -126 118 -244 -1 -0.0018
J4.000 -107 95 -202 -106 97 -203 -1 -0.0012
36.000 -125 115 -240 -126 117 -243 -3 -0.0006
38.000 -165 153 -318 -164 155 -319 -1 0.0012
40.000 -221 209 -430 -216 210 -426 ' 4 0.0018
42.000 -288 275 -563 -287 277 -564 -1 -0.0006

OF RECORDS
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.LOPE INDICATOR DATA REDUCTION

PAGE 1
rinted by DMM on June 9,1999
'TTE: DMC013  HOLE NUMBER GA799
e description SR 101 MP 326 SLIDE
|- PREVIOUS — |— CURRENT —|
!ATA SET # 1 2
ENSOR # 26087 26087
DATE 05/20/99 08:38 06/09/99 09:51
lEADINGS PER DIRECTION 21 21
ENSOR: 26087
—— PREVIOUS DATA — —— CURRENT DATA — CHANGE  CUM.DISP.
' DEPTH BO  B180 DIFF BO  B180 DIFF IN.
2.000 400  -422 822 396  -424 820 -2 -0.0180
4.000 291  -300 591 289  -302 591 0 -0.0168
6.000 116  -155 271 115  -158 273 2 -0.0168
8.000 77 -121 198 76  -122 198 0 -0.0180
10.000 83  -126 209 81  -127 208 -1 -0.0180
12.000 83  -125 208 81  -126 207 -1 -0.0174
14.000 89  -127 216 85  -127 212 -4 -0.0168
16.000 81  -119 200 77  -120 197 -3 -0.0144
18.000 117  -158 275 115  -159 274 -1 -0.0126
20.000 130  -168 298 129  -169 298 0 -0.0120
22.000 141  -184 325 140  -186 326 1 -0.0120
24.000 169  -210 379 168  -211 379 0 -0.0126
26.000 143  -186 329 140  -185 325 -4 -0.0126
28.000 170  -214 384 169  -214 383 -1 -0.0102
30.000 186  -225 411 185  -225 410 -1 -0.0096
32.000 198  -239 437 197  -239 436 -1 -0.0090
54.000 208  -247 455 208  -240 448 -7 -0.0084
36.000 154  -195 349 154  -197 - 351 2 -0.0042
38.000 161  -205 366 160  -206 366 0 -0.0054
40.000 151  -193 344 150  -193 343 -1 -0.0054
42.000 122 -122 244 115 -121 236 -8 -0.0048

END OF RECORDS
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!OPE INDICATOR DATA REDUCTION

PAGE 1
Iinted by DMM on July 8,1999
%: DMC013  HOLE NUMBER GA999
5. 2 description SR 101 MP 326 SLIDE
|- PREVIOUS —] ~ CURRENT —|
TA SET # 2 3
SENSOR # 26087 , 26087
ATE 06/09/99 08:56 07/08/99 09:46
ADINGS PER DIRECTION 28 28
NSOR: 26087 <
' —— PREVIOUS DATA — —— CURRENT DATA —| CHANGE  CUM.DISP.
DEPTH A0  A180 DIFF A0  Al180 DIFF IN.
2.000 202 -208 410 193  -203 396 -14 ~-0.0198
4.000 481  -485 966 481  -482 963 -3 -0.0114
. 6.000 374 -377 751 376  -375 751 0 ~-0.0096
8.000 282  -286 568 282  -283 565 -3 -0.0096
10.000 230  -234 464 232 -233 465 1 -0.0078
' 12.000 166 -171 337 169  -170 339 2 -0.0084
14.000 158  -163 321 161 -161 322 1 -0.0096
16.000 241 -244 485 243 -241 484 -1 -0.0102
' 18.000 214 -217 431 215  -214 429 -2 -0.0096
20.000 151  -155 306 153  -151 304 -2 -0.0084
22.000 89 -93 182 89 -90 179 -3 -0.0072
24.000 136  -140 276 137  -137 274 -2 -0.0054
l 26.000 138 -142 280 138  -138 276 -4 -0.0042
28.000 169  -173 342 169  -170 339 -3 -0.0018
"0.000 184  -189 - 373 185  -185 370 -3 0.0000
l .000 172 -17s6 348 173 -171 344 -4 0.0018
34.000 170  -175S 345 172 -171 343 -2 0.0042
36.000 215 - -219 434 218 -217 435 1 0.0054
38.000 227  -231 458 229  -230 459 1 0.0048
' 40.000 213 -217 430 217  -215 432 2 0.0042
42.000 210  -214 424 ' 213 -213 426 2 0.0030
44.000 230  -233 463 233 -230 463 0 0.0018
l 46.000 241 -243 484 243 -241 484 0 0.0018
48.000 209  -212 421 210  -210 420 -1 0.0018
50.000 183 -187 370 186  -187 373 3 0.0024
I 52.000 189  -193 382 192 -191 383 1 0.0006
54.000 161  -163 324 162  -162 324 0 0.0000
56.000 141 -145 286 144  -142 286 0 0.0000

END OF RECQRDS



!OPE INDICATOR DATA REDUCTION

—_——

PAGE 1
Iinted by DMM on July 8,1999
"%: DMC013  HOLE NUMBER GA999
: 4 description SR 101 MP 326 SLIDE
I— PREVIOUS —| |- CURRENT —
&TA SET # 2 3
NSOR # 26087 26087
ATE 06/09/99 08:56 07/08/99 09:46
ZADINGS PER DIRECTION 28 28
ENSOR: 26087
I f|—— PREVIOUS DATA —— - |—— CURRENT DATA —] CHANGE  CUM.DISP.
DEPTH BO  B180 DIFF BO  B180 DIFF IN.
2.000  -294 259  -553 ~302 267 -569 -16 -0.0138
4.000  -234 190 -424 -224 189 -413 11 -0.0042
' 6.000  -242 222 -464 -249 219 -468 -4 -0.0108
8.000  -201 181 -382 -207 173 -380 2 -0.0084
-10.000  -175 131 -306 -183 143 -326 -20 -0.0096
' 12.000  -217 170 -387 -207 166 -373 14 0.0024
14.000 =198 - 151 -349 -185 146 -331 - 18 -0.0060
16.000  -150 106 -256 -154 120 -274 -18 -0.0168
18.000  -191 155 -346 -197 165 -362 -16 -0.0060
l 20.000  -212 168 -380 -217 181 -398 -18 0.0036
22.000  -238 198 -436 -247 211 -458 -22 0.0144
24.000  -257 213 -470 -257 227 -484 -14 0.0276
' 26.000  -266 227 -493 -263 235 -498 . -5 0.0360
28.000  -212 191 -403 -217 186 -403 0 0.0390
20.000  -198 152 -350 -190 149 -339 11 0.0390
' ..000  -193 150 -343 -190 144 -334 9 0.0324
54.000  -211 170 -381 -203 164 -367 14 0.0270
36.000  -191 152 -343 -185 145 -330 13 0.0186
38.000  -178 141 -319 -176 139 -315 4 0.0108
l 40.000  -216 171 -387 -221 177 -398 -11 0.0084
42.000  -248 202 -450 . -241 200 -441 9 0.0150
44.000  -261 220 -481 -251 214 -465 16 0.0096
l 46.000  -245 209 -454 -241 202 -443 11 0.0000
48.000  -192 167 -359 -193 159 -352 7 -0.0066
50.000  -199 156 -355 -206 171 =377 -22 -0.0108
52.000  -247 203 -450 -240 201 -441 9 0.0024
' 54.000  -207 178 -385 -205 174 -379 6 -0.0030
56.000  -147 147 -294 -163 142 -305 - -11 -0.0066

OF RECORDS
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!DPE INDICATOR DATA REDUCTION

PAGE 1
inted by DMM on July 8,1999
' DMC013  HOLE NUMBER GA1099 '
.. 4 description SR 101 MP 326 SLIDE '
I PREVIOUS — |— CURRENT —]|
!TA SET # 1 2
JENSOR # 26087 26087
TE 06/18/99 12:54 . 07/08/99 08:29
ADINGS PER DIRECTION 46 46
NSOR: 26087
l —— PREVIOUS DATA — —— CURRENT DATA —| CHANGE  CUM.DISP.
DEPTH A0  A180 DIFF A0 Al180 DIFF IN.
2.000 352 -350 702 353 -355 708 6 0.0516
4.000 251  -242 493 247 -243 490 -3 0.0480
I 6.000 183 -174 357 183 -186 369 12 0.0498
8.000 150 -146 296 149 -150 299 3 0.0426
0.000 163 -158 321 161  -162 323 2 0.0408
l 2.000 147  -143 290 146 -146 292 2 0.0396
4.000 163 -164 327 162  -163 325 2 0.0384
6.000 224 -219 443 222 -222 444 1 0.0396
8.000 203 -198 401 202 -202 404 3 0.0390
. 0.000 171 -167 338 170  -170 340 2 0.0372
2.000 173 -169 342 172 -173 345 3 0.0360
4.000 178 -173 351 177  -178 355 4 0.0342
I 6.000 189 -183 372 188 -186 374 2 0.0318
8.000 192 -187 379 190 -191 381 2 0.0306
1.000 239 -233 472 239  -239 478 6 0.0294
' . 000 324 -321 645 325 -324 649 4 0.0258
4.000 354 ~346 700 351 -350 701 1 0.0234
36.000 268 -263 531 265  -266 531 0 0.0228
38.000 211 -209 420 211 -212 423 3 0.0228
l 40.000 200 -197 397 198  -200 398 1 0.0210
42.000 214 -210 424 210  -211 421 -3 0.0204
44.000 222 -217 439 219  -221 440 1 0.0222
' 46.000 258 -256 514 257  -261 518 4 0.0216
48.000 276 -275 551 277  -280 557 6 0.0192
50.000 267  -264 531 266  -267 533 2 0.0156
52.000 219 -216 435 217  -218 435 0 0.0144
l 54.000 198 -190 388 193 -193 386 2 0.0144
56.000 185  -181 366 181  -182 363 3 0.0156
58.000 183 -182 365 182  -185 367 2 0.0174
. 60.000 165  -162 327 163 -166 329 2 0.0162
62.000 165  -159 324 162 -162 324 0 0.0150
64.000 174 -167 341 173 -171 344 3 0.0150
' 66.000 212 -210 422 ' 212 -213 425 3 0.0132
68.000 279  -275 554. 278  -279 557 3 0.0114
70.000 295 -291 586 293 -294 587 1 0.0096
72.000 229 -224 453 227  -226 453 0 0.0090
' 74.000 135  -130 265 132 ~131 263 2 0.0090
76.000 66 -60 126 - 63 -63 126 0 0.0102
78.000 74 -71 145 75 -76 151 6 0.0102
. R0.000 85 . -82 167 84 -86 170 3 0.0066
}.000 81 -76 157 75 -75. 150 7 0.0048
~v4.000 50 -44 94 45 -44 89 5 0.0090
' 86.000 25 -21 46 25 -29 54 8 0.0120



lOPE INDICATOR DATA REDUCTION

PAGE 1
-inted by DMM on July 8,1999
I;w;: DMC013  HOLE NUMBER GA1099
¢ 2 description SR 101 MP 326 SLIDE
- PREVIOUS — - CURRENT —|
&TA SET # 1 2
NSOR # 26087 26087
DATE 06/18/99 12:54 07/08/99 08:29
ADINGS PER DIRECTION 46 46
NSOR: 26087 _
l—— PREVIOUS DATA — |—— CURRENT DATA ———| CHANGE  CUM.DISP.
' DEPTH A0  An180 DIFF A0  A1l80 DIFF IN.
88.000 9 -6 15 16 ~15 31 16 0.0072
90.000 125  -122 247 123 -126 249 2 -0.0024
l 92.000 179  -175 354 174 -174 348 -6 -0.0036

END OF RECORDS



!OPE INDICATOR DATA REDUCTION

PAGE 1

Iinted by DMM on July 8,1999
T: DMCO013 HOLE NUMBER GA1099

5. _.& description SR 101 MP 326 SLIDE

— PREVIOUS —| }|— CURRENT —|
l\TA SET # 1 2
SENSOR # : 26087 26087
TE 06/18/99 12:54 07/08/99 08:29
ADINGS PER DIRECTION 46 46

SENSOR: 26087

I , }—— PREVIOUS DATA —] —— CURRENT DATA —| CHANGE CUM.DISP.
DEPTH BO B180 DIFF BO B180 DIFF IN.
2.000 -637 584 -1221 -632 611 -1243 -22 -0.1488
4.000 -380 311 -691 -347 315 -662 29 -0.1356

' 6.000 -278 206 -484 -263 222 -485 -1 -0.1530
8.000 -207 129 -336 -195 - 146 -341 -5 -0.1524
©10.000 -173 83 -256 -157 104 -261 ) -0.1494

' 12.000 -173 101 -274 -173 117 -290 -16 -0.1464
14.000 -145 72 -217 -134 90 -224 - -7 -0.1368
16.000 . -139 69 -208 -123 87 -210 -2 -0.1326

' 18.000 -215 147 -362 -199 165 -364 -2 -0.1314
20.000 -273 205 -478 -257 224 -481 -3 -0.1302
22.000 -346 266 -612 -330 289 ~-619 -7 -0.1284
24.000 -340 266 -606 -326 281 -607 -1 -0.1242

. 26.000 -353 269 -622 -336 287 -623 -1 -0.1236
28.000 -338 247 -585 -317 274 ~591 -6 -0.1230
“1.000 -319 255 -574 -301 271 -572 2 -0.1194

l ..000 -362 287 -649 -344 303 -647 2 -0.1206
34.000 -285 209 -494 -269 227 -496 -2 -0.1218
36.000 -340 257 -597 -323 275 -598 -1 -0.1206

' 38.000 -343 257 -600 -329 272 -601 -1 -0.1200
40.000 -313 225 -538 ~297 245 -542 -4 -0.1194
42.000 ~284 193 -477 -267 229 -496 -19 -0.1170
44.000 ~-285 208 -493 -268 237 -505 -12 -0.1056

. 46.000 -319 232 - -551 -303 255 -558 -7 -0.0984
48.000 -347 - 257 -604 -330 275 -605 -1 -0.0942
50.000 -359 272 -631 -343 287 -630 1 -0.0936

. 52.000 -341 266 -607 -328 281 -609 -2 -0.0942
54.000 -317 255 -572 -301 271 -572 0’ -0.0930
56.000 -326 242 -568 -311 273 . -584 -16 -0.0930

- 58.000 -349 262 -611 -332 297 -629 -18 -0.0834
l 60.000 -360 271 -631 -342 309 -651 -20 -0.0726
62.000 -379 292 -671 -363 329 -692 -21 -0.0606
64.000 -403 320 -723 -388 350 -738 -15 -0.0480

' 66.000 -373 302 -675 -353 315 -668 7 -0.0390
68.000 -329 243 -572 -309 258 -567 5 -0.0432

70.000 -296 224 -520 -279 244 -523 -3 -0

. 72.000 -315 249 -564 -299 267 -566 -2

74.000 -321 257 -578 -306 270 -576 2

76.000 -355 271 -626 -339 302 -641 -15 -0.0444

78.000 -373 285 -658 -355 319 -674 -16 -0.0354

' 80.000 -366 277 -643 -350 315 -665 -22 -0.0258

. R.000  -362 285 -647 -351 318 -669 -22 -0.0126

84.000 -363 297 -660 -353 317 -670 -10 0.0006

. 86.000 -397 313 -710 -377 322 -699 11 0.0066

.0462
-0.0444
-0.0432



JluOPE INDICATOR DATA REDUCTION

PAGE 1
Iinted by DMM on July 8,1999
3: DMC013  HOLE NUMBER GA1099
s. & description SR 101 MP 326 SLIDE
: |— PREVIOUS —] I~ CURRENT —
TA SET # 1 2
SENSOR # 26087 26087
TE _ 06/18/99 12:54 07/08/99 08:29
ADINGS PER DIRECTION 46 46
ENSOR: 26087
. PREVIOUS DATA — —— CURRENT DATA —— CHANGE  CUM.DISP.
DEPTH BO  B180 DIFF BO  B180 DIFF IN.
88.000 -382 295 -677 -358 298 -656 21 0.0000
90.000 -342 254 -596 -333 275 -608 -12 -0.0126
l 92.000 -321 265 -586 -311 284 -595 -9 -0.0054

END OF RECORDS
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L.

LOPE INDICATOR DATA REDUCTION

PAGE 1

DMCO013 HOLE NUMBER GA1199

l:_l.n ted by DMM on July 8,1999
s. .e description SR 101 MP 326 SLIDE

|- PREVIOUS —] - CURRENT —
TA SET # 3 4
SENSOR # 26087 26087
TE 06/18/99 12:21 07/08/99% 09:07
EADINGS PER DIRECTION 32 32

ENSOR: 26087

l l—— PREVIOUS DATA — |—— CURRENT DATA — CHANGE  CUM.DISP.
DEPTH A0  A180 DIFF A0  A180 DIFF IN.
2.000 -39 30 -69 ' -55 46 -101 -32 -0.0330
4.000 -41 38 -79 -45 39 -84 -5 -0.0138

l 6.000 217 -214 431 215 -213 428 -3 -0.0108
8.000 277 -279 556 274 -281 555 -1 -0.0090
-10.000 172 -173 345 170 ~174 344 -1 -0.0084

' 12.000 267 -266 533 266 ~269 535 2 .-0.0078
14.000 327 -330 657 326 -331 657 0 -0.0090
16.000 373 ~-375 748 374 -378 752 4 -0.0090

. 18.000 418 -417 835 415 -418 833 -2 -0.0114
20.000 422  -421 843 419 -422 841 -2 -0.0102
22.000 367 -366 733 363 -367 730 -3 -0.0090
24.000 329 -323 652 326 -323 649 -3 -0.0072

' 26.000 289 -294 583 286 -295 581 -2 -0.0054
28.000 242 -243 485 241 -244 485 0 -0.0042
~9.000 331 -330 661 331 -334 665 4 -0.0042

l 2.000 373 -372 745 371 -373 744 -1 -0.0066
34.000 334 -331 665 331 -333 664 -1 -0.0060
36.000 310 -309 619 307 -311 618 -1 -0.0054

l 38.000 290 -289 579 287 -291 578 -1 -0.0048
40.000 290 -293 583 289 -294 583 0 -0.0042
42.000 307 -305 612 305 -306 611 -1 ~-0.0042
44.000 291 -291 582 290 -292 582 0 -0.0036

l 46.000 292 -294 586 288  -295 583 -3 -0.003s6
48.000 156 -151 307 152 -151 303 -4 -0.0018

50.000 166 -167 333 165 -168 333 0 0

l 52.000 201 -199 400 199  -201 400 0

54.000 181 -182 363 179 -183 362

56.000 211 -213 424 210 -214 424 0

58.000 200 -198 398 198 -199 397 -1

. 60.000 239 -239 478 238 -242 480 2

62.000 323 -321 644 322 -323 645 1

' 64.000 384 -384 768 382 -386 768 0

.0006
0.0006
0.0006
0.0012
0.0012
0.0018
0.0006
0.0000

END OF RECORDS



SLOPE INDICATOR DATA REDUCTION

- PAGE 1
linted by DMM on July 8,1999
*: DMCO13 HOLE NUMBER GA1199
si.e description SR 101 MP 326 SLIDE
l - PREVIOUS — |- CURRENT —
NTA SET # 3 4
SENSOR # 26087 26087
TE 06/18/99 12:21 07/08/99 09:07
ADINGS PER DIRECTION 32 32
ENSOR: 26087
r l—— PREVIOUS DATA —| —— CURRENT DATA — CHANGE  CUM.DISP.
DEPTH BO B180 DIFF BO B180 DIFF IN.
2.000 -141 77 -218 -124 86 -210 8 0.0348
l 4.000 -167 101 -268 -153 119 -272 -4 0.0300
. 6.000 - -9 -43 34 : 4 -27 31 -3 0.0324
8.000 61 -117 178 73 -105 178 0 0.0342
10.000 129 -189 318 , 144 -177 321 3 0.0342
' 12.000 213 -283 496 231 - -269 500 4 0.0324
14.000 162 -229 391 176 -214 390 - -1 0.0300
16.000 132 -186 318 138 -173 311 -7 0.0306
' 18.000 177 -243 420 193 -228 4271 1 0.0348
20.000 119 -198 317 142 -173 315 -2 0.0342
22.000 126 -193 319 145 -179 324 5 0.0354
24.000 88 -151 239 102 -137 239 0 0.0324
I 26.000 15 -79 94 33 -63 96 2 0.0324
28.000 10 -70 80 25" -59 84 4 0.0312
1,000 -10 -55 45 3 -43 46 1 0.0288
' ..000 96 -158 254 110 -146 256 2 0.0282
34.000 158 -221 379 174 -207 381 2 0.0270
36.000 119 -185 304 134 -173 307 3 0.0258
l 38.000 184 -246 430 201 -234 435 5 0.0240
40.000 155 -218 373 171 -205 376 3 0.0210
42.000 119 -185 304 145 ~164 309 5 0.0192
44.000 101 -169 270 125 = -152 277 7 0.0162
l 46 .000 101 -150 251 111 ~-135 246 -5 0.0120
48.000 19 -80 99 33 -67 100 1 0.0150
50.000 92 ~-169 261 114 -149 263 2 0.0144
l 52.000 90  -163 253 109  -143 252 1 0.0132
54.000 83 -148 231 97 -137 234 3 0.0138
56.000 107 -175 282 129 -154 283 1 0.0120
58.000 105 -163 268 117 -150 267 -1 0.0114
' 60.000 38 -118 156 65 -106 171 15 0.0120
62.000 46 -124 170 66 -111 177 7 0.0030
' 64.000 63 -122 185 77 -106 183 -2 -0.0012
END OF RECORDS



Atterberg Limit Determination

Job Name: Goider (993-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
l Boring No: GA 1 Sample No: SS 17 Depth: 0
Soil Description: Gray silt (ML)
' Natural Moisture Content: 29.7%
l Liquid Limit Determination
Can No. K17 K9 D31
l No. of Blows 29 25 16
Moisture Content| 37.83 38.97 40.23
A:\M%‘% . . Liquid Limit
I 5 Plastic Limit
8
e
=1
i :
2
l Plasticity Index
l No. of Blows
l Plastic Limit Determination
I canNo.[ D7 T10 K3
Moisture Content] 29.00 26.87 28.72
__GeoEng[ne_grs R f L el ot o 8/18/99 . .




Atterberg Limit Determination

Job Name: Golder (993-1467.500) Job No: 0314-031-00 -
l Date: 8/18/99 Tested By: MBB
l Boring No:  GA 2A Sample No: SS5 Depth: 0
| Soil Description: Brown silt (ML) |
l ' Natural Moisture Content:

Liquid Limit Determination

Can No.

No. of Blows

Moisture Content

D2 T8 D12
34 23 17
41.34 43.71 44.38

Moisture Content

:u.
AR AR
R

zz\:;&* 5
g

RERES

N

SRR
m\“&\““ SR

No. of Blows

Moisture Content

Plastic Limit Determination

Liquid Limit
Plastic Limit

Plasticity Index

Can No. D99 K22 D28

29.32 25.26 28.74

. GeoEngineers




Atterberg Limit Determination

Date:

Boring No:

Job Name: Golder (993-1467.500)

Soil Description:

Moisture Content

Job No: 0314-031-00
8/18/99 Tested By: MBB
GA 2 Sample No: SS 15 Depth: 0
Brown silt (ML)
Natural Moisture Content: 33.4%
Liquid Limit Determination
Can No. T4 T7 T1
No. of Blows 29 24 20
Moisture Content|  37.06 37.12 37.19
Liquid Limit 37
Plastic Limit 27
Plasticity Index 10 -

No. of Blows

Can No.

Moisture Content

Plastic Limit Determination

K17

D10

K14

26.45

26.40

28.42

GeoEngineers




0314-031-00 JRS:MBB:mbb 8/18/99 (Atterbergs.ppt)

PLASTICITY CHART
1.6 60 - -
1 % ‘,,-"".‘ /
\r‘n\\= 50 Vs
§ . , CH or/OH /
. . 40 i ~
8 g < Ve
Z .,.-"'.‘. \/\$
| 2 N
%) Naod
5 P /‘ - OHland MH
n- 20 /..- - /
~CLar CV
10 -
> A /7
r:rl /| cLMLl ML|or OL
A
o 0
m
3 0 10 20 30 40 50 60 70 80 90 100
_1_1_ . : ~y
21E LIQUID LIMIT
c
5| a
* ﬁ SYMBOL EXPLORATION SAMPLE MOISTURE LiQuiD PLASTICITY
- NUMBER NUMBER CONTENT (%) LIMIT (%) INDEX (%) SOIL DESCRIPTION
” -
£
r $ GA3 SS6 22.7 44 18 Gray clay (CL)
o GA 4 S5 54 246 28 5 Gray fine sandy sit (ML)
A GAS s§S20 23.1 49 22 Gray dlay (CL)




Atterberg Limit Determination

Job Name: Golder (893-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB

Boring No: GA 3 Sample No: SS 6 Depth: 0
Soil Description: Gray clay (CL)

Natural Moisture Content: 22.7%

Liguid Limit Determination

Can No. D26 D27 D18
No. of Blows 36 26 13
Moisture Content|] 42.73 43.44 47.33

Liquid Limit
Piastic Limit

Moisture Content

Plasticity Index

No. of Blows

Plastic Limit Determination

Can No. D32 D19 D5
Moisture Content] 26.50 25.00 27.52

GeoEpglpeers. S o ‘ : - 8/18/09

"
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Atterberg Limit Determination

Job Name: Golder (993-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA 4 Sample No: SS 54 Depth: 0
Soil Description: Gray fine sandy silt (ML)
Natural Moisture Content:
Liquid Limit Determination
Can No. T3 K13 D24
No. of Blows 30 22 17
Moisture Content] 26.54 28.71 30.47
Liquid Limit
Plastic Limit

Moisture Content

No. of Blows

Moisture Content

Plastic Limit Determination

Can No.

D30

K10

Dg8

24.11

22.45

22.78

Plasticity index




Atterberg Limit Determination

Job Name: Golder (993-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA S Sample No: SS 20 Depth:
Soil Description: Gray clay (CL) '
Natural Moisture Content: 23.1%
Liquid Limit Determination
Can No. T4 D22 K14
No. of Blows 31 25 17
Moisture Content| 47.55 49.57 51.29
5200
' ﬁ‘c&s\.\:\"’: LIQUId Limit
g Plastic Limit
c é
8 \\“\:&5‘3\5‘:&%:&\\«
(]
5
b
[=}
= A ici
S R Plasticity Index
47.00
No. of Blows
Plastic Limit Determination
Can No. D20 K16 T6
Moisture Content| 27.27 28.75 27.27

-GeoEngih_eers - .




- 0314-031-00 JRS:MBB:mbb 8/18/99 (Atterbergs.ppt)

i : PLASTICITY CHART
§ , | . B —

7/
Ae . yARnny

SIOOUIZu
2
\\2

PLASTICITY INDEX
3
%
NS
>,
[

-~ OHland MH
20 - - /{ /
eLdr (%
e
0 b
. > 10 -"_.-‘ // l

ﬂ yAR - ML|or OL

& 0

2 0 10 20 30 40 50 60 70 80 90 100
a1 C
21 & LIQUID LIMIT
c -—
| d|
ol | a SYMBOL v EXPLORATION SAMPLE MOISTURE Lieub PLASTICITY

-} NUMBER NUMBER CONTENT (%) LlMITV(%) INDEX (%) SOIL DESCRIPTION

3 _

c

[ Y3 GASB $S10 275 39 13 Gray sitt (ML)

3 GAS c22 220 37 10 Gray sitt (ML)

A GA9 ss9 28.7 44 18 Gray silt (ML)




Atterberg Limit Determination

Job Name: Golder (893-1467.500) Job No:
Date: 8/18/99 Tested By: MBB

Boring No: GA 6

Sample No: SS 10

Soil Description: Gray silt (ML)

0314-031-00

Depth: 0

Natural Moisture Content: 27.5%

Liquid Limit Determination

Can No. T5 K9 D6
No. of Blows 32 25 27
Moisture Content] 38.98 39.18 39.08

~‘.\2~
SRR
RTINS

2

Moisture Content

-.““i‘-.x-:»&

5
AR
M}

3
\“N“N““ﬁ&*i‘
SRAREEESE

s

& \“«\\“v. A
0 Y

s SARL &
“w.kiww,xsw\
e

%
S
X

IR

No. of Blows

Plastic Limit Determination

Liquid Limit
Plastic Limit

Plasticity Index 13

Can No.

K21 D8 K7

Moisture Content

24.42 26.87 26.17

G'eo'Englneers‘ P

8/18/99



Atterberg Limit Determination

Job Name: Golder (993-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA 8 Sample No: C 22 Depth: 0
Soil Description: Gray silt (ML)

Natural Moisture Content:

Liquid Limit Determination

Can No. D98 K8 D14
No. of Blows 40 28 16
Moisture Content| 34.85 36.06 37.68

Molsture Content

S

N
R
33
N

AR
%

BN RS

SR
o 2
SHOREES

RN
R AT AR AR AR

AR T
AR AT

IR
3

AR
7

No. of Blow:

—

Plastic Limit Determination

Liquid Limit
Plastic Limit

Plasticity Index

Can No.

T11 K13 D22

Moisture Content

24.69 24.21 29.89

GeoEngineers :

81899




Atterberg Limit Determination

Job Name: Golder (993-1467.500)

Boring No: GA 9

Soil Description:

Date: 8/18/99 Tested By:

MBB
Sample No:

Gray silt (ML)

SS9

Job No:

0314-031-00

Depth: 0

Natural Moisture Content:

28.7%

Liquid Limit Determination

Can No.

D4

D25

No. of Blows

26

Moisture Content] 42.83

44.69

SRR

“mz;t:ztwttzyzrz
s
3 e

.:\\ AN AR

Molsture Content
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NATRR RN
% 3

2
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W .\\\\\M
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\\\v\.\.«.\\\.\.

\%2\:;\\ AR
RN
33 R

T “wﬁ R
S

B3 \\\s\\\\\\s\\»k&vvtt‘\ku

A AR,
e \::gﬁ
SRR R

R \:‘:‘\’i'.\“w-,m\
S
3

oA
i
3

A

R
X
AR
N

5

R
NS

B0

ATEANER

X

SR
“\v.

AR
R

R

Roche
AR

WY
A

No. of Blows

X
BRSRRR8

Plastic Limit Determination

Liquid Limit 44

Plastic Limit 26

Plasticity Index 18

Can No.

D29

K18

K4

Moisture Content

25.64

25.58

27.03

GeoEngineers

8/18/99
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_ 0314-031-00 JRS:MBB:mbb 8/18/99 (Atterbergs.ppt)

PLASTICITY CHART

\

PLASTICITY INDEX
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a / |l cml ~ ML or OL
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21E LIQUID LIMIT
c —
503
* a SYMBOL EXPLORATION SAMPLE . MOISTURE LIQUID PLASTICITY

-4 NUMBER NUMBER CONTENT (%) LIMIT (%) INDEX (%) SOl DESCRIPTION

A

e

c V'S GA 10 $S 15 26.5 43 16 ' Gray sift (ML)

a B GA 11 §S 12 305 a6 8 Brown sitt (ML)




Atterberg Limit Determination

Job Name: Golder (993-1467.500)

Job No:

Boring No: GA 10

Date: 8/18/99 Tested By:

MBB
Sample No:

Soil Description: Gray silt (ML)

8§ 15

0314-031-00

Depth: 0

Naturai Moisture Content:

Liquid Limit Determination

26.5%

Can No. D1 D17 K19
No. of Blows 35 30 22
Moisture Content] 41.79 42.75 42.95
- Liquid Limit] 43
- :§S§E§§€E§§S§§‘{gu g o :
& Plastic Limit
c A
S -“:ﬁ§5§§§§'§5§_\“‘. =9 t:”i:m
4
3 S
¥ :ffiifff::‘:“
, 2 :EE§§§35V3“1 o .
Q‘ L Plasticity Index
R
41.00 i
10 100
. No. of Blows
Plastic Limit Determination
Can No. K1 D23 K20
Moisture Content] 27.27 27.18 25.29
\

GeoEngineers ‘
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Atterberg Limit Determination

Job Name: Golder (893-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No:  GA 11 Sample No: SS 12 Depth: 0
Soil Description: Brown silt (ML)

Natural Moisture Content: 30.5%

Liquid Limit Determination

Can No. D33

No. of Blows 33

Moisture Content

T2 D31
28 24 '
33.92 34.64 36.05

2T

AR

"&w.\
2

W
AN
S
T
S
T
>:'~\\~.

SR
R
SRR
SR
SR

Molisture Content

SRR

R
SRR
\ A

No. of Blows

Liquid Limit 36

Plastic Limit 27

Plasticity Index

Plastic Limit Determination

Can No. K15

D24

K2

Moisture Content] 27.73

28.87

25.27
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0314-031-00 JRS:MBM:jrs 7/18/99 (Sieves.ppt)
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Particle Size Analysis Worksheet

Job Name: Golder #993-1467.500 Job No: 0314-031-00
Date: 8/19/99 Tested By: JRS
Boring No: GA4 Sample No: SS6 Depth:

Soil Description: Brown silty fine to medium sand with fine gravel (SM) (moist)

~-200 Wash

Moisture Content
Pan # z1 * Pan # z1
Pan + Wet Soil 397.03 |* Pan + Dry Soil (Before) 366.84
Pan + Dry Soil 366.84 |* Pan + Dry Soil (After) 307.03 |*
Moisture Loss 30.19 -200 From Wash 59.81
Pan Wt. 83.84 |* Pan Wt. 83.84
Dry Soil Wt. 283.00 Dry Soil Wt. 283.00
Moisture Content 10.7 % of -200 211
Total Washed Soil Wt: 223.19
Sieve Analysis
Fractional Sample Total Sample Summary
Sieve Accum. Wt. Accum. Wt. Sieve
Size Retained Retained % Retained % Passing Size  |% Passing
3.0" oinisieieininieinielel 0.00 0.0 100.0 3.0" 100.0
1.5” 0.00 0.0 100.0 1.5" 100.0
3/4" Dniuiuloleinieiuiolel 31.51 11.4 88.9 3/4" 88.9
3/8" Dniniuleleininicinielel 63.71 22.5 77.5 3/8" 77.5
#4 bninioinisinisieiniele 106.13 37.5 62.5 #4 62.5
#10 17.06 138.89 491 50.9 #10 50.9
#20 29.62 163.01 57.6 42.4 #20 42 4
#40 37.73 191.07 67.5 32.5 #40 325
~ #60 43.60 199.18 70.4 29.6 #60 29.6
#100 49.30 207.07 73.2 26.8 #100 26.8
#200 58.72 220.09 77.8 222 #200 222
Pan 60.96 223.19
Classification Data
Description % Total
Gravel Coarse 1.1
Fine 26.4
Sand Coarse 11.6
Medium 18.4
' Fine 10.3
-200 22.2

Soll Classification:

Brown silty medium sand with fine gravel (SM)

GeoEngineers
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: 0314-031-00 JRS:MBB:mbb 8/18/99 (Sleves.ppt)
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SYMBOL Ex';b%RB’}EEON NOMBER SOIL CLASSIFICATION
V'S GA 1 S5 16 Brown silty fine sand (SM)
B GA2 SS 8A Brown fine to coarse sand with sit and fine gravel (SW-SM)
? GA2 _ SS 13 Brown fine sandy silt (ML)
GAS Ss8 Brown fine to coarse sand with silt and fine gravel (SW-SM)




Particle Size Analysis Worksheet

Job Name: Golder (993-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA 1 Sample No: SS 16 Depth:
Soil Description: Brown silty fine sand (SM)
Moisture Content -200 Wash
Pan # DP21 * Pan# | DP21
Pan + Wet Soil 777.80 |* Pan + Dry Sail (Before) 658.94
Pan + Dry Soil 658.94 |* Pan + Dry Soil (After) 515.60 [*
Moisture Loss 118.86 -200 From Wash 143.34
Pan Wt 197.44 |* Pan Wt 197.44
Dry Soil Wt 461.50 Dry Soil Wt. 461.50
{Moisture Content 25.8 % of -200 311
Total Washed Soil Wt 318.16
Sieve Analysis
Fractional Sample Total Sample Summary
Sieve Accum. WL, Accum. Wt. Sieve
Size Retained Retained % Retained % Passing Size  |% Passing
3.0 0.00 0.0 100.0 ’ 3.0" 100.0
1.5" 0.00 0.0 100.0 1.5" 100.0
3/4” eininininloiinis 0.00 0.0 100.0 3/4" 100.0
3/8" ioniginioeinlaioiuis 1.66 0.4 99.6 -3/8" 99.6
#4 - 2.58 0.6 99.4 #4 99.4
#10 0.47 4.59 1.0 99.0 #10 99.0
#20 1.00 6.85 1.5 98.5 #20 98.5
#40 2.23 14.06 3.0 97.0 #40 97.0
#60 13.68 62.67 13.6 86.4 #60 86.4
#100 39.24 171.18 37.1 62.9 #100 62.9
#200 68.91 297.14 | 64.4 35.6 #200 35.6
Pan 73.86 318.16
Classification Data
Description % Total
Gravel Coarse 0.0
Fine 0.6
Sand Coarse 0.4
Medium 2.1
Fine - 61.3
=200 . 35.6
Soll Classification: . Brown slity fine sand (SM)

8118199



Particle Size Analysis Worksheet

Job Name: Golder (993-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA 2 Sample No: SS 8A Depth:
Soil Description: Brown sitty fine to coarse sand (SM)
Moisture Content -200 Wash
Pan # DP10 * Pan # DP10
Pan + Wet Soil 627.50 |* Pan + Dry Soil (Before) §63.93
Pan + Dry Sail 563.93 |* Pan + Dry Soil (After) 536.91 |*
Moisture Loss 63.57 -200 From Wash 27.02
Pan Wt 192.24 {* Pan Wt. 192.24
Dry Soil Wt. 371.69 Dry Soil Wt. 371.69
Moisture Content 171 % of -200 7.3
Total Washed Soil Wt: 344.67
Sieve Analysis
Fractional Sample Total Sample Summary
Sieve Accum. Wt. Accum. Wt Sieve
Size Retained Retained .% Retained % Passing Size 1% Passin
3.0" 0.00 0.0 100.0 3.0" 100.0
1.5 0.00 0.0 100.0 1.5 100.0
34" jisininisieiuinie 0.00 0.0 100.0 |- 3/4" 100.0
3/8" e 16.22 4.4 95.6 a/8" g5.6
#4 re— 62.29 16.8 83.2 #4 83.2
#10 19.05 142.44 383). - 617 ¢ #10 61.7
#20 31.41 194.43 523 477 #20 47.7
#40 38.87 259.55 69.8 30.2 #40 30.2
#60 47.95 286.91 77.2 22.8 #60 .8
#100 58.79 319.57 86.0 14.0 #100 14.0
#200 - 66.12 341.66 ©91.8 8.1 #200 8.1
Pan 67.12 344.67
Classification Data
Description % Total
Gravel _Coarse 0.0
Fine 16.8
Sand " Coarse 21.6
Medium 315
. Fine 22.1
-200 - ' 8.1
Soil Classification:

Brown fine to coarse sand With sift and fine gravel (SW-SM)

- ename



Particle Size Analysis Worksheet

Job Name: Golder (993-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA2 Sample No: SS 13 Depth:
Soil Description: Brown silty fine sand (SM)
Moisture Content -200 Wash
Pan # DP5 * Pan # DP5
Pan + Wet Soil 647.60 |* Pan + Dry Soil (Before) 551.58
Pan + Dry Soil 651.58 |* Pan + Dry Soit (After) 383.34 \*
Moisture Loss 96.02 -200 From Wash - 168.24
Pan Wt. 192.29 |* Pan Wt. 192.29
Dry Soil Wt. 359.29 Dry Soil Wt. 359.29
Moisture Content 26.7 % of -200 46.8
Total Washed Soil Wt: . 191.05
Sieve Analysis
Fractional Sample Total Sample Summary
Sieve Accum. Wt. Accum. Wt. Sieve
Size Retained Retained. % Retained % Passing |. Size -|% Passing
3.0 0.00 . 0.0 100.0 3.0 100.0
1.5" 0.00 0.0 100.0 1.6" 100.0
3/4" iinisininninisieie 0.00 0.0 |, 100.0 3/4" 100.0
3/8" foiieininiuiioiel 0.00 0.0 100.0 3/8" 100.0
#4 aainivialoinioiiel 0.00 0.0 100.0 #4 100.0
#10 0.50 2.18 06 ] 99.4 #10 99.4
#20 1.14 4.98 1.4 98.6 #20 98.6
#40 1.69 9.48 2.6 97.4 #40 97.4
#60 4.10 19.89 5.5 94.5 #60 94.5
#100 13.39 60.01 16.7 83.3 #100 83.3
#200 37.71 165.05 459 54.1 #200 541
. Pan 43.73 191.05
Classification Data
Description % Total
Gravel Coarse 0.0
Fine 0.0
Sand Coarse 0.6
- Medium 2.0
Fine - 43.3
-200 54.1.
Soil Classification: Brown fine sandy silt (ML)

GeoEnglnéers
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Job Name:

Date:

Boring No:

Soil Description:

Particle Size Analysis Worksheet

Golder (993-1467.500)

8/18/99

GAS

Sample No:

Tested By:

SS58

Job No:

0314-031-00
MBB

Depth:

Brown fine to coarse sand with silt and fine gravel (SW-SM)

Classification Data

Description % Total
Gravel Coarse 0.0
Fine 27.4
Sand Coarse . 17.5
Medium 32.8
Fine 17.14
-200 5.3

Moisture Content -200 Wash
Pan # 27 * Pan # Z7
Pan + Wet Soil 690.80 |* Pan + Dry Soil (Before) 624.00
Pan + Dry Soil 624.00 |* Pan + Dry Soil (After) 598.07 |*
Moisture Loss 66.80 -200 From Wash 25.93
Pan Wt. 87.59 |* Pan Wt. 87.59
Dry Soil Wt. 536.41 Dry Soil Wt. 536.41
Moisture Content 12.5 % of -200 4.8
Total Washed Soil Wt: 510.48
Sieve Analysis
Fractional Sample Total Sample Summary
Sieve Accum. Wt ’ TAccum. Wt Sieve
Size Retained | Retained % Retained. .| %.Passing Size % Passing
3.0 0.00 0.0 100.0 3.0 100.0
1.5" 0.00 0.0 100.0 1.5" 100.0
3/4" inioinlnisininieninisl 0.00 0.0 100.0 3/4" 100.0
3/8" el 56.71 10.6 89.4 3/8" 89.4
#4 146.84 27.4 72.6 #4 72.6
#10 22.76. 240.69 449 55.1 #10 65.1
#20 39.89 311.32 58.0 42.0 #20 42.0
#40 57.51 416.62 77.7 22.3 #40 23
#60 75.37 471.26 87.9 12.1 #60 12.1
#100 83.70 496.74 92.6 7.4 #100 7.4
#200 87.44 508.19 94.7 53 #200 5.3
Pan 88.19 510.48

Sail Classmczbon

Brown fine to coarse sand with silt and fine gravel (SW-SM)
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23 GAS SS 18 Brown siity fine sand (SM)
‘ GA 6A §s2 Brown silty fine sand (SM)
GA7 §S 4 Orange-brown silty fine to coarse gravel with sand (GM)
- GA S8 S§7 _ Brown medium to coarse sand with siit and fine gravel (SP-SM)




Particle Size Analysis Worksheet

Job Name: Golder (993-1467.500) Jab No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA S5 Sample No: SS 18 Depth:
Soit Description: Brown silty fine sand (SM)
Moisture Content -200 Wash
Pan # B6 * Pan # B6
Pan + Wet Soil 576.10 |* Pan + Dry Soii (Before) 474.76
Pan + Dry Saoil 474.76 |* Pan + Dry Soil (After) 356.88 |*
Moisture Loss 101.34 -200 From Wash 117.88
Pan Wt. 85.80 |* Pan Wt. 85.90
Dry Soil Wt. 388.86 Dry Soil Wt. 388.86
Moisture Content 26.1 % of -200 30.3
Total Washed Soil Wt: 270.98
Sieve Analysis
Fractional Sample Total Sample Summary
Sieve Accum. Wt. Accum. Wt. Sieve
Size Retained Retained % Retained % Passing Size  |% Passing
3.0" bnininieisinioleioinie 0.00 0.0 100.0 3.0" 100.0
1.5" 0.00 0.0 100.0 1.5" 100.0
3/4" k- 0.00 0.0 100.0 3/4" 100.0
3/8" jaiainioisinieioinle 0.00 0.0 100.0 3/8" 100.0
#4 aieleinisinininilel 0.00 0.0 100.0 #4 100.0
#10 0.03 0.12 0.0 100.0 #10 100.0
#20 0.09 0.37 0.1 99.9 #20 99.9
#40 0.26 1.16 0.3 99.7 #40 99.7
#60 2.03 | 8.56 2.2 97.8 #60 97.8
#100 20.73 86.25 22.2 77.8 #100 77.8
#200 68.57 243.47 62.6 37.4 #200 374
Pan 65.19 270.98
Classification Data
Description % Total
Gravel Coarse 0.0
¢ Fine 0.0
Sand Coarse 0.0
Medium 0.3
Fine _62.3
-200 37.4
Solt Classification: Brown silty fine sand (SM)

o GédEhgln"ééts :

8/18/89 -




~

Particle Size Analysis Worksheet

Job Name: Golder (993-1467.500)

Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA 6A Sample No: 8§82 Depth:
Soil Description: Brown fine sand with silt (SP-SM)
Moisture Content -200 Wash
Pan # Z4 * Pan # Z4
Pan + Wet Soil . 459.90 |* Pan + Dry Soil (Before) 385.15
Pan + Dry Soil 385.156 |* Pan + Dry Soil (After) 343.48 |*
Moisture Loss 74.75 -200 From Wash 41.67
Pan Wt. 85.37 |* Pan Wt. 85.37
Dry Soil Wt. 299.78 Dry Soil Wt. 299.78
Moisture Content 24.9 % of -200 13.9
Total Washed Soil Wt: 258.11
Sieve Analysis
Fractional Sample Total Sample Summary
Sieve Accum. Wt. Accum, Wt. Sieve
Size Retained Retained % Retained % Passing Size  |% Passing
3.0" 0.00 0.0 100.0 3.0 100.0
1.5" isieiininiaeiuioie ' 0.00 0.0 100.0 1.5" 100.0
3/4" iuinieinieieleleiets ~_0.00 0.0 100.0° 3/4" 100.0
3/8" dnininieleleiohd 4.30 1.4 98.6 3/8" 98.6
#4 inainininiaisivinleie 4.75 | 1.6 98.4 #4 98.4
#10 0.33 6.14 2.0 88.0 #10 98.0
#20 0.61 7.32 2.4 97.6 #20 97.6
#40 1.73 13.38 4.5 95.5 #40 95.5
#60 7.86 . 39.04 13.0 87.0 #60 87.0
#100 28.12 123.84 41.3 68.7 #100 58.7
- #200 66.40 242.20 80.8 19.2 #200 19.2
Pan 60.20 258.11
Classification Data
Description % Total
Gravel Coarse 0.0
Fine . 1.6
Sand Coarse 0.5
Medium 24
Fine . 7163
-200 _ 10.2
Soll Classification: Brown silty fine sand (SM) "
GeoEngineers




Particle Size Analysis Worksheet

Job Name: Golder (993-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA7 Sampie No: S5 4 Depth:
Soil Description: Orange-brown silty fine to coarse sand (SM)
Moisture Content -200 Wash
Pan # B9 * Pan # Bg
Pan + Wet Soil 610.80 |* Pan + Dry Soil (Before) 513.83
Pan + Dry Soil 513.83 |* Pan + Dry Soil (After) 406.99 |*
Moisture Loss 96.97 -200 From Wash 106.84
Pan Wt. - 84.37 |* Pan Wt 84.37
Dry Soil Wt. 429.46 Dry Soil Wt. 429.46
Moisture Content 22.6 % of -200 24.9
Total Washed Soil Wt: 322.62
Sieve Analysis
Fractional Sample Total Sample Summary
Sieve Accum. Wt. Accum. Wt. Sieve
Size Retained Retained % Retained % Passing Size  |% Passing
3.0" bniainininiuioinieiolel 0.00 0.0 100.0 3.0" 100.0
1.5" 0.00 0.0 100.0 1.5" 100.0
3/4" iniuiainininioinel 92.565 21.6 78.4 3/4" 78.4
3/8" habsinisisinininieiniel 145.28 33.8 66.2 3/8" 66.2
#4 oinisisinisisinioieiel 200.34 46.6 53.4 #4 53.4
#10 18.11 237.97 55.4 44.6 #10 446
_#20 27.14 256.73 59.8 40.2 #20 40.2
#40 34.17 287.12 66.9 33.1 #40 33.1
#60 40.25 295.87 68.9 31.1 #60 31.1
#100 46.45 304.78 71.0 29.0 #100 29.0
#200 56.80 319.67 74.4 25.6 #200 25.6
Pan 58.85 322.62
Classification Data
Description % Total
Gravel Coarse 21.6
Fine 25.1
Sand Coarse 8.8
Medium 11.4
: Fine 7.6
-200 25.6
Soll Classification: ' Orange-brown silty fine to coarse gravel with sand (GM)
GeoEnglneers §118199




Particle Size Analysis Worksheet

Job Name: Golder (993-1467.500) Job No: 0314-031-00

Date: 8/18/99 Tested By: MBB

Boring No: GA 8 Sample No: SS7 Depth:

Soail Description: Brown silty fine to coarse sand with fine gravel (SM)

Moisture Content -200 Wash
Pan # BS N Pan # B5
Pan + Wet Soil 584.10 [* Pan + Dry Soil (Before) 528.06
Pan + Dry Soil 528.06 |* Pan + Dry Soil (After) 499.26 |*
Moisture Loss 56.04 -200 From Wash 28.80
Pan Wt. 83.95 }* Pan Wt. : 83.95
Dry Soil Wt. 444.11 Dry Soil Wt. ' 444 .11
Moisture Content 12.6 % of -200 6.5
Totat Washed Soil Wt 415,31

Sieve Analysis

Fractional Sample Total Sample Summary
Sieve Accum. Wt. Accum. Wt. Sieve
- Size Retained Retained % Retained % Passing Size  |% Passing
3.0" e 0.00 0.0 100.0 3.0" 100.0
1.5" 0.00 0.0 1000} 1.5" 100.0
3/4" inisininininisieininle 35.26 7.9 92.1 3/4" 92.1
3/8" e 115.19 25.9 74.1 3/8" 74.1
#4 iniolntelnioleiniel 197.32 44.4 55.6 #4 55.6
. #10 18.21 269.52 60.7 39.3 - #10 39.3
#20 32.86 327.61 73.8 26.2 #20 26.2
#40 42.76 382.91 86.2 13.8 #40 13.8
#50 47.92 - 396.59 89.3 10.7 #60 10.7
#100 50.82 404.28 91.0 9.0 #100 9.0
#200 54.09 ‘ " 412.85 93.0 7.0 #200 7.0
Pan 54.98 415.31 '
Classification Data
Description % Total
Gravel Coarse 1.9
Fine. 36.5
Sand Coarse 16.3
Medium 25.5
Fine - . 6.8
-200 i 7.0
Soil Classification: Brown medium to coarse sand with siit and fine grave! (SP-SM)
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SYMBOL NUMBER NUMBER _ SOIL CLASSIFICATION
¢ GA 8 SS 14A ‘ Brown siity fine sand (SM)
Z GA 10 sS4 Brown medium to coarse sand with fine gravel (SP)
B
? GA 10 ss8 Brown silty fine to medium sand (SM)
. GA 11 SS9 Dark gray sift with fine sand (ML)




Particle Size Analysis Worksheet

Geoqulneers

Job Name: Golder (993-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA 8 Sample No: SS 14A Depth:
Soil Description: Brown silty fine sand (SM)
Moisture Content -200 Wash
Pan # - 722 * Pan # Z2
Pan + Wet Soil 585.60 |* Pan + Dry Soil (Before) 479.79
Pan + Dry Sail 479.79 |* Pan + Dry Soil (After) 339.04 |*
Moisture Loss 105.81 -200 From Wash 140.76
Pan Wt. 84.51 |* Pan Wt. 84.51
Dry Soil Wt. 395.28 Dry Soil Wi. 385.28
Moisture Content 26.8 % of -200 35.6
Total Washed Soil Wt: 254.53
Sieve Analysis
Fractional Sample Total Sample Summary
Sieve Accum. Wt. Accum. Wt. Sieve
Size Retained Retained % Retained % Passing Size  {% Passing
3.0" 0.00 | 0.0 100.0 3.0" 100.0
1.5" ininieininininieloinial 0.00 0.0 100.0 1.5" 100.0
3/4" aisinisininisisioieie 0.00 0.0 100.0 3/4" 100.0
3/8" iainininininininini 0.00 0.0 100.0 3/8" 100.0
#4 leleleletuieioinie 0.00 0.0 100.0 #4 100.0
#10 0.07 0.30 0.1 89.9 #10 99.9
#20 0.11 0.47 0.1 99.9 #20 99.9
#40 0.29 1.65 0.4 99.6 #40 99.6
#60 3.07 13.49 3.4 96.6 #60 96.6
#100 16.42 70.84 17.9 82.1 #100 82.1
#200 50.53 217.37 565.0 45.0 #200 45.0
Pan 59.18 254.53
Classification Data
Description % Total
Gravel Coarse 0.0
Fine 0.0
Sand Coarse 0.1
Medium 0.3
Fine 54.6
=200 45.0
Soil Classification: Brown siity fine sand (SM)
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Particle Size Analysis Worksheet

Job Name: Golder (993-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA 10 Sample No: 8§84 Depth:
Soil Description: Brown fine to coarse sand with silt (SW-SM)
Moisture Content -200 Wash
Pan # B4 * Pan # B4
Pan + Wet Soil 701.10 |* Pan + Dry Soil (Before) 631.85
Pan + Dry Soil 631.85 |* Pan + Dry Soil (After) 609.77 §*
Moisture Loss 69.25 -200 From Wash 22.08
Pan Wt. 84.26 |* ’ Pan Wt. 84.25
Dry Soil Wt. 547.60 Dry Soil Wt. 547.60
Moisture Content 12.6 % of -200 4.0
Total Washed Soil Wt: 525.52
Sieve Analysis
Fractional Sample Total Sample Summary
Sieve Accum. Wt. Accum. Wt. Sieve
Size Retained Retained % Retained % Passing Size  {% Passing
3.0" 0.00 0.0 100.0 3.0" 100.0
1.5" iniaiaisisisininioinle 0.00 0.0 100.0 1.5" 100.0
3/4" inbnininieinininiainied 35.55 6.5 93.5 3/4" 93.5
3/8" jabaiginininininininie 83.20 15.2 84.8 3/8" 84.8
#4 jaiaiaianiniolole 186.50 34.1 65.9 #4 65.9
_#10 33.71 326.43 59.6 40.4 #10 40.4
#20 57.17 423.82 77.4 22.6 #20 22.6
#40 73.06 504.53 §2.1 7.9 #40 7.9
#60 77.08 514.33 93.9 6.1 #60 6.1
#100 78.91 518.79 94.7 5.3 #100 5.3
#200 81.16 524,28 95.7 4.3 #200 4.3
Pan 81.67 525.52
Classification Data
Description % Total
Gravel Coarse 6.5
_ Fine 27.6
Sand Coarse 25.6
Medium 32.5
Fine 3.6
-200 . 4.3
Soil Classification: Brown medium to coarse sand with fine gravel (SP)

- GeoEngineers
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Particle Size Analysis Worksheet

Job Name: Golder (993-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA 10 Sample No: SS 8 Depth:
Soil Description: Brown fine to medium sand with silt (SP-SM)
Moisture Content -200 Wash
Pan # B10 * Pan # B10
Pan + Wet Soil 638.60 |* Pan + Dry Soil (Before) 539.82
Pan + Dry Soil 539.82 |* Pan + Dry Soil (After) 482.08 |*
Moisture Loss 98.78 -200 From Wash 57.74
Pan Wt. 85.22 |* Pan Wt. 85.22
Dry Soil Wt. 454.60 Dry Soil Wt. 454.60
Moisture Content 21.7 % of -200 12.7
Total Washed Soil Wt: 396.86
Sieve Analysis
Fractional Sample Total Sample Summary
Sieve Accum. Wt. Accum. Wt. Sieve
Size Retained Retained % Retained % Passing Size  |% Passing
3.0" ) ' 0.00 0.0 100.0 3.0" 100.0
1.5" boiniaioinleininioiel 0.00 0.0 100.0 1.5" 100.0
3/4" alaluieleinieieleie 0.00 0.0 100.0 3/4" 100.0
3/8" jnienieieiniuinis 0.00 0.0 100.0 3/8" 100.0
#4 - 13.07 2.9 97.1 #4 97.1
#10 1.71 29.30. 6.4 93.6 #10 93.6
#20 4.30 53.89 11.9 88.1 #20 88.1
#40 7.75 99.76 21.9 78.1 #40 78.1
#6560 16.44 178.76 39.3 60.7 #60 60.7
#100 29.12 294.04 64.7 35.3 #100 35.3
#200 38.97 383.59 84.4 15.6 #200 15.6
Pan 40.43 396.86
Classification Data
Description % Total
Gravel Coarse 0.0
Fine 2.9
Sand . Coarse 3.6
Medium 155
Fine - 62.4
-200 15.6
Soll Classification: Brown slity fine to medium sand (SM)

_ Gethglhe.e:rs
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Particle Size Analysis Worksheet

Job Name: Golder (993-1467.500) Job No: 0314-031-00
Date: 8/18/99 Tested By: MBB
Boring No: GA 11 Sample No: SS9 Depth:
Soil Description: Dark gray sandy silt (ML)
Moisture Content -200 Wash
Pan # B7 * Pan # B7
Pan + Wet Soil 627.10 |* Pan + Dry Soil (Before) 513.17
Pan + Dry Soil 513.17 |* Pan + Dry Soil (After) 199.76 |*
Moisture Loss 113.93 -200 From Wash 313.41
Pan Wt. 84.57 |* Pan Wt 84.57
Dry Soil Wt. 428.60 Dry Soil Wt. 428.60
Moisture Content 26.6 % of -200 73.1
Total Washed Soil Wt: 115.19
Sieve Analysis
Fractional Sample Total Sample Summary
Sieve Accum. Wt. Accum. Wt. Sieve
Size Retained Retained % Retained % Passing Size % Passing
3.0 0.00 0.0 100.0 3.0" 100.0
1.5" 0.00 0.0 100.0 1.5" 100.0
3/4" iniaieieinloinisinioie 0.00 0.0 100.0 3/4" 100.0
3/8" isinieieieinininieie 0.00 0.0 100.0 3/8" 100.0
#4 inininininloinininioled 0.00 0.0 100.0 #4 100.0
#10 0.03 0.06 0.0 100.0 #10 100.0
#20 0.11 0.23 0.1 99.9 #20 99.9
#40 0.20 0.47 0.1 99.9 #40 99.9
#60 0.27 0.62 0.1 99.9 #50 89.9
#100 1.27 2.67 0.6 99.4 #100 99.4
#200 38.30 78.65 18.3 81.7 #200 81.7
Pan 66.11 115.19
Classification Data
Description % Total
Gravel Coarse 0.0
Fine 0.0
Sand Coarse 0.0
Medium 0.1
Fine 18.2
-200 81.7
Soil Classification: Dark gray silt with fine sand (ML)

GeoEnglineers
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Project © Golder Associates WSDOT 101 MP-326
. Project No. : J-1238
Soil Technology, Inc. Location -

Date : Thu May 13 1999
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Symbol Number Content Limit Limit Index Soil Clossification
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Soil Technology, Inc.

Project : G
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Golder Associates 993-1467
US 101

Moisture Contents and Percent Passing 75 micron

Table 1
Exploration Sample Sample Depth Moisture Content Percent Passing

Number Number () % U.S. Sieve No. 200

GA-4 SS-2 20.0-21.5 31 NR

GA-4 SS-7 55.0-56.5 13 14 V\P
GA-4 SS-9 70.0-71.5 11 9

GA-4 SS-17 97.0-98.5 NR 38 326
GA-4 SS-30 132.0-132.8 27 43
GA-4 SS-51 210.0-210.7 25 : 69

GA-6A S-1 63.0-65.0 NR 82
GA-8 S-6 71.0-72.5 19 4
GA-8 S-10 91.0-92.5 24 5 MP
GA-8 S-23 156.0-157.5 29 62 3L
GA-8 S-29 186.0-187.3 31 NR

NR not requested.

Soil Technology, Inc
J-1239
Page 1



PARTICLE SIZE DISTRIBUTION TEST REPORT
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200 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT % CLAY USCS AASHTO PL LL
© 294 65.7 SwW
o 35.2 GP
A 244 67.3 SP-SM
SIEVE PERCENT FINER SIEVE PERCENT FINER SOIL DESCRIPTION
insci;:s O 0 A nusrix;l;er o O A O Well-graded sand with gravel
1 100.0 99.9 100.0 #4 70.6 394 75.6
75 95.0 92.2 90.7 #10 437 23.6 572 D) Poorly graded gravel with sand
5 89.7 75.6 86.7 #20 238 154 419
375 84.6 64.0 854 #40 13.1 11.8 322
;{38 55)% 23 % %(5) A Poorly graded sand with silt and gravel
#200 49 42 8.3
GRAIN SIZE REMARKS:
Dso 3.32 8.60 228 O Classification based on grainsize only.
D30 1.16 3.12 0.376
D10 0.292 0.301 0.0991 O Classification based on grainsize only.
COEFFICIENTS
Ce 1.39 376 0.63 A Classification based on grainsize only.
Cy 11.37 28.54 23.01
¢ Source: GA-1 Sample No.: S-10 Elev./Depth: 50.0-51.5
O Source: GA-2 Sample No.: §-3 Elev./Depth: 15.0-16.5
& Source: GA-2 Sample No.: S-4 Elev./Depth: 20.0-21.5
Client: Golder Associates
SO"_ TECHNOLOGY |NC Project:  WSDOT US101 MP326
, L]
Project No.. J-1238 Plate 1




PARTICLE SIZE DISTRIBUTION TEST REPORT

Deo 0.201 0.172 2.25
Dao 0.135 | 0.0812 0.373

D1o 0212
COEFFICIENTS

Cc 0.29

Cy 10.63

O Classification based on grainsize only.

O Classification based on grainsize only.

A Classification based on grainsize only.
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GRAIN SIZE - mm
% COBBLES | % GRAVEL % SAND % SILT % CLAY USCcs AASHTO PL | LL
o 88.7 SP-SM
0O 723 SM
A 271 69.0 sP |
SIEVE PERCENT FINER SIEVE PERCENT FINER SOIL DESCRIPTION
inscgzs o O A nusr;r;t;er o 0 A C Poorly graded sand with silt
.7:53 122'(5) ##4 99.6 18(9).0 7%.3
. . 10 97.1 4 57. 0 Silty sand
375 99.8 81.6 420 95.0 97.4 464 Hy san
H#40 91.6 923 348
#?28 Z%E; Zgg 1:413 "A Poorly graded sand with gravel
#200 10.9 27.7 3.9
GRAIN SIZE REMARKS:

O Source: GA-2
O Source: GA-3
A Source: GA-6

Sample No.: S-9
Sample No.: S-3
Sample No.: S-7

Elev./Depth: 45.0-46.5
Elev./Depth: 16.0-17.5
Elev./Depth: 36.0-37.5

Client: Golder Associates

SOIL TECHNOLOGY, INC. ||Proeet WSDOT US101 MP326

| Project No.:_ J-1238
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Direct Shear Test of Soils Under Consolidated Drained Conditions
ASTM D3080-90

300 - w
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250 -
P
P
225 — =
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«
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X175 y T J_
a - ¢ Residual Test
2 150 4+ ‘ <
b7 ‘ Peak Test ,0’ — =~ y=0.32x {Linear Regression)
= -~
E 125 T N
2] ’ -~ g r
B 100 Pl
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T Q-
o
O -~
50 —
-~
-~
25
_ .
0 kel I L
0 25 50 75 100 1;25 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600
Corrected Normal Stress, kPa
Test Sample Identification Water Content Ydry Feed Rate Peak Values Residual Values
No. Borehole] Sample Depth Winitial Whinal @ oy’ ‘ Op' Tmax O Tmax
m % % Kogm® mm/min kPa kPa kPa kPa
Dtest-1P GA-9 S-7 31.0-32.7 30.1 n/a 1493 0.0049 141.2 108.6 n/a n/a
Dtest-1R GA-9 S-7 31.0-32.7 n/a n‘a n‘a 0.0049 n‘a n/a 158.6 80.4
Dtest-2R GA9 S-7 31.0-32.7 na na na ©0.0049 na n/a 3147 1452
Dtest-3R GA-9 S-7 31.0-32.7 n/a 30.7 n‘a 0.0049 n/a n/‘a 478 4 210.1
Golder Associates 7/22/99

Dtest GA9_S7.xls



Project # 9931467 Tech : SH

Liquid Limit, Plastic Limit and Plasticity Index of Soils
ASTM D 4318-93

TYPE OF TEST LL LL LL LL W% Nat.

' CONTAINER NUMBER 106 98 111 180
NUMBER OF BLOWS 29 26 20 16
. MASS WET SOIL + TARE 22.78 22.56 24.01 31.86 490.70
MASS DRY SOIL + TARE 16.95 16.68 17.62 22.95 426.30
MASS OF WATER 5.83 5.88 6.39 8.91 64.40
' MASS OF CONTAINER 1.40 1.46 1.47 1.43 212.30
MASS OF DRY SOIL 15.55 15.22 16.15 21.52 214.0
WATER CONTENT W (%) 37.5 38.6 39.6 41.4 3041
' TYPE OF TEST PL PL BOREHOLE NO. 6A-9
CONTAINER NUMBER 141 155 SAMPLE 7
. MASS WET SOIL + TARE 11.89 11.08 DEPTH 9.45-9.97m
MASS DRY SOIL + TARE 10.16 9.43 LIQUID LIMIT (%) 38.8
MASS OF WATER 1.75 1.65 PLASTIC LIMIT (%) 20.4
' MASS OF CONTAINER 1.46 1.43 PLASTICITY INDEX (%) |18.4
MASS OF DRY SOIL 8.70 8.00 W% Natural (%) 30.1
' WATER CONTENT W (%) 20.1 20.6 [LIQUIDITY INDEX 0.53
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Direct Shear Test of Soils Under Consolidated Drained Condtions
ASTM D3080-90
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APPENDIX C

SEISMIC REFRACTION SURVEY
WSDOT U.S. 101 MP 326 LANDSLIDE INVESTIGATION, WA

Submitted by:

Golder Associates Inc.
Redmond, Washington

August 26,1999 993-1467.400
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August 26, 1999 C-1 993-1467.400

1. INTRODUCTION

During the period of May 3 to May 12 of 1999, Golder Associates Inc. completed a seismic
refraction survey at MP 326 of Highway 101, Washington. This seismic refraction survey
was completed in support of Golder Associates’ ongoing subsurface drilling investigation
of the MP 326 landslide. The purpose of the geophysical survey was to map the top
surface of the Glaciolacustrine Deposit (hard clay and silty clay), which is interpreted to
correlate with the approximate base of the landslide. Six lines with thirteen spreads in
total were completed. The survey line locations are shown in Figure 1.

2. INSTRUMENTATION AND FIELD PROCEDURES

The seismic refraction survey was carried out utilizing a Geometrics 24-channel
Strataview, 24 16Hz geophones and two 5 or 20 meter spacing takeout cables. Single
stick charges of Kine-Pak Explosives were used for the energy source.

Field procedure consisted of laying out the cables, planting the geophones, and setting
up two middle shots, two near-end shots and two off-end shots. Data were collected
and saved in digital format and also printed on paper.

WSDOT provided surveying support for horizontal and vertical control of the seismic
survey lines the geophone locations.

3. GEOPHYSICAL RESULTS

3.1 Data Processing and Interpretation

The data processing was completed utilizing the generalized reciprocal method.

The first arrivals of the seismic signals were picked, then plotted versus geophone
locations for all records for each spread. The parallelism of arrival times from different
location shots and total times of reciprocal shots were carefully examined. Then the
velocities of all layers and travel times to sub-surfaces of the layers under each geophone
were analyzed, and in turn the depths to the sub-surfaces of the layers under each
geophone were calculated.

3.2 Results and Discussion

The interpreted depth sections of SL-1 through SL-7 are presented in drawings SL1
through SL7, respectively in Appendix A. Four layers are interpreted. The interpreted
velocity of the surficial layer varies from 250 m/s (819 ft/s) on SL-3 to 330 m/s (1082ft/s) on
SL-1. The second layer exhibited velocities varying from 550 m/s (1803 ft/s) to 700 m/s
(2525 ft/s) and is interpreted to correlate with dry Glaciofluvial Deposit (dense sand and
gravel). The underlying layer with velocities ranging from 1250 mv/s (4100 ft/s) to 1450

Golder Associates
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/s (4756 £t/s) is interpreted to correlate with wet to saturated Glaciofluvial Deposit in
this area. The basal layer with a velocity about 2200 m/s (7216 £t/s) is interpreted to
correlate with Glaciolacustrine Deposit (hard clay to silty clay). The thickness of the total
overburden varies from less than 1 m (3.28 ft) in the east to about 73 m (240 ft) in the
west. The water table changed daily during the survey.

The elevation contour of the top surface of the basal layer is shown in Figure 2. In
general, the surface dips eastward with two major depressions, one is located near SL-2

and one near SL-3.

4. LIMITATIONS

The geophysical information in this report is based on geophysical measurements
obtained by generally accepted methods and procedures and our interpretation of the
data. Individual values may in some instances, be erroneous due to noise occurring
simultaneously with the measurements. Given the consistency of the data, however, the
survey results are considered to be a reasonably accurate representation of the measured
geophysical parameters at the site. In general, the errors in the interpreted depths
related to the resolution of the technique is about +15 % of the true depths.

For Golder Associates Inc.

Golder Associates
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BB Effective Drains — Small Block
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BB Effective Drains — Small Seismic
10 most critical surfaces, MINIMUM JANBU FOS = 1.007
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BB Entire Block Drainage, Seismic
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BB Entire Block Elevated Water
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BB Entire Block at Failure
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BB Entire Block Now
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BB Entire Block Buttress
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Section D—=D' Failure
SIMPLIFIED JANBU, FOS for Specified Surface = 1.034
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Section D—D' SUMMER 1999

250 SIMPLIFIED JANBU, FOS for Specified Surface = 1.124
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