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EXECUTIVE SUMMARY

This report presents the results of the geotechnical investigation of the landslide at MP
322 along US 101 on the Olympic Peninsula. The work included an extensive, multi-
phased exploration program, laboratory testing, geologic interpretations, hydrogeologic
characterization, remote monitoring of the landslide, stability analyses, and
development of engineering recommendations to stabilize the landslide.

In general, the subsurface conditions include a glaciofluvial unit, a finer grain granular
transition layer and a deep glaciolacustrine silt/clay unit. The materials above the slide
plane are very loose/compact or firm. The inferred failure plane occurred generally
within the glaciolacustrine clay in the lower part of the slide and through the granular
soils above the clay in the headscarp area. The toe of the landslide occurred at or above
the road with the road itself only impacted by debris flowing on the roadway. In areas,
20 to 40 feet of ancient landslide debris underlie the roadway. Groundwater occurs at a
maximum of only about 5 to 15 feet above the landslide plane. The inferred elevation of
the top of the glaciolacustrine clay appears to form a deep depression just upslope of the
central area of the landslide. The soils overlying the glaciolacustrine clay in the
depression are saturated and constitute a buried groundwater "reservoir".

In essence the recommended remediation involve combination of drainage, slope
surface treatment, and a toe treatment consisting of a fill buttress and/or deep soldier
pile tieback retaining wall. The design criteria presented in the report are intended to
be flexible since the optimum design configuration selected by WSDOT must consider
numerous constraints beyond the scope of this study. This includes the current slope
and roadway grades, constructibility related to minimizing impacts on traffic, the final
desired roadway alignment and grades, and costs. The proposed remediation is not
intended to eliminate possible seismically induced slope movements during major
design earthquake events. :

Section 9.7 addresses design issues along specific sections of the roadway. Once
WSDOT has finalized the selected options and developed current cross-sections, a series
of stability analyses should be performed at each major change in geometry and/or
remediation option. The results of the section specific analysis would be used to finalize
the required size of the buttress, loads and \heights of wall, and fill reinforcement
requirements.

DOT-50000050

Golder Associates



February 8, 2000 ii ' 993-1466
TABLE OF CONTENTS Page No.

Uy

1 INTRODUCTION

2.  SUBSURFACE INFORMATION 2
2.1 General 2

2.2 Subsurface Mapping and Aerial Photograph Interpretation 2

2.3 Field Exploration Program 2

2.3.1 Geotechnical Borings 2

2.3.1.1 General 2

2.3.1.2 Borings : 3

2.3.1.3 Inclinometer Completions 4

2.3.14 Piezometer Completions 5

2.3.1.5 Instrumentation and Remote Data Access 6

232 Seismic Refraction Survey 6

2.3.3 Hydrogeologic Testing 6

24  WSDOT Emergency Horizontal Drains 8

25  Laboratory Data 8

3. SITE CONDITIONS 10
3.1  Geologic Setting 10

3.2 Seismic Setting 10

3.21 General 10

3.2.2 1999 Satsop Earthquake 11

3.23 Recommended Project Design Event 11

33 Surface Conditions 11

3.4 Landslide History 12

3.5 Rainfall 13

4. SUBSURFACE CONDITION 14
41 General 14

42 Stratigraphy 14

43 Failure Plane Geometry 17

44 Hydrogeology 17

5. LANDSLIDE MECHANISM AND STABILITY EVALUATION 20
5.1 Slide Mechanism ' 20

52 Back-Analysis Main Slide Area 21

53  Back-Analyses US 101 Embankment 22

6. STABILIZATION CRITERIA FOR 1999 CONSTRUCTION SEASON 23
6.1 General 23

6.2 Slope Problems Fall/Winter 1999 23

6.3  Remediation and Maintenance Winter 1999/2000 24

7. REMEDIATION OBJECTIVES 25
7.1 - Main Objectives 25

DOT-50000051

anldar Aceanintac



Gnldar Acennintac

February 8, 2000 | iii 993-1466
7.2 Seismic Risks Main Slide Area 25
73 Seismic Risks US 101 Embankment 26
8. STABILIZATION OPTION EVALUATION 27
8.1 Available Stabilization Elements 27
8.2 Stability Analyses for Stabilization Elements 28
8.3 Recommended Options 29
9, REMEDIATION DESIGN CRITERIA 31
9.1 General 31
9.2 Drainage Main Slide Area 31
9.2.1 General 31
9.2.2 Horizontal Drain Design criteria 32
9.23 Draining "Reservoir" Area ' 32
9.24 Horizontal Drains in US 101 Embankment 33
9.25 Construction Monitoring and Field Modifications 34
9.2.6 Long Term Drain Performance and Maintenance 34
9.3 Surface Regrading 35
94 Toe Buttress 36
95 Soldier Pile Wall , 36
9.5.1 Soldier Pile At Edge of Roadway With Backfill 36
9.5.2 Cut Walls Placed West/Above Roadway 37
9.5.3 Ductility 38
9.6 Catchment Area/Debris Wall 38
9.7  Design At Specific Sections 39
9.7.1 Southern Area With Slide Toe Above Roadway 39
9.7.2 Detour Fill Area 39
9.7.3  Area North Of Detour Fill Underlain By Loose Soils 40
9.74  Area North Of Detour Fill Underlain By Competent Soils 41
9.7.5 Area South Of The Current Active Landslide 41
10. INSTRUMENTATION AND REMOTE DATA ACCESS SYSTEM 42
10.1 Long term Monitoring Program 42
11. USE OF REPORT 44
12. REFERENCES 45
LIST OF TABLES
Table 1 Summary of Exploratory Borings
Table 2 Summary of Water Levels
~ Table 3 Shug Test Results
Table 4 ‘Summary of Horizontal Drain Flows (Arrays A through D)
Table 5 Summary of Horizontal Drain Flows (Arrays E through N)
Table 6 Average Monthly Precipitation (1984 through 1997)
- Table 7 Design Wall Earthpressures



February 8, 2000 iv ) 993-1466

TABLE OF CONTENTS (Cont.)

LIST OF FIGURES

Figure 1 Site Location Map

Figure 2 Site Plan

Figure 3 Seismic Refraction Contour Map (Glaciolacustrine Deposit)

Figure 4 Graph of Horizontal Drain Discharge (Arrays A through D)

Figure 5 Comparison Between 1998/1999 Monthly Precipitation Totals and
Historic Average

Figure 6 Daily Precipitation Cushman Powerhouse 2

Figure 7 Geologic Cross-Section A-A’

Figure 8 Geologic Cross-Section B-B’

Figure 9 Geologic Cross-Section C-C’

Figure 10 Geologic Cross-Section D-D’

Figure 11 Geologic Cross-Section E-E’

Figure 12 Geologic Cross-Section F-F/

Figure 13 Geologic Cross-Section G-G’

Figure 14 Elevation of Bottom of Recent Landslide Deposits

Figure 15 Elevation of Bottom of Glaciofluvial Deposits

Figure 16 Elevation of Top of Disturbed Glaciolacustrine Deposits

Figure 17 Elevation of Top of “in place” Glaciolacustrine Deposits

Figure 18 Groundwater Elevations .

Figure 19 Plan Layout of Idealized Drains Locations

Figure 20 Idealized Drain Section

Figure 21 Wall at Section A-A'

Figure 22 Catchment Fill at Section A-A'

Figure 23 Wall at Section G'G'

Figure 24 Wall with Excavation at Section G-G'

Figure 25 Fill Buttress at Section G'G'

Figure 26 Fill Buttress at Section B-B'

Figure 27 Wal] at Section B-B'

APPENDICES

Appendix A Record of Borehole Logs (Golder and WSDOT)

Appendix B Inclinometer Data

Appendix C  Groundwater Hydrographs

AppendixD  Seismic Refraction Survey

Appendix E  Pump Test Data

AppendixF  Laboratory Test Results

DOT-50000053 ,

Golder Associates ' I‘




February 8, 2000 1 | 993-1466

1. INTRODUCTION

This report presents the results of the geotechnical investigation of the landslide at MP
322 along US 101 on the Olympic Peninsula (Figure 1). The work was completed under
WSDOT Consultant Agreement Y-6895 and was authorized as Task Assignment AF.
The work included an extensive, multi-phased exploration program, laboratory testing,
geologic interpretations, hydrogeologic characterization, remote monitoring of the
landslide, stability analyses, and development of engineering recommendations to
stabilize the Jandslide. The primary purposes of the work were: 1) Determine the
subsurface conditions, 2) Evaluate the landslide mechanism, 3) Develop short-term
stabilization recommendations, and 4) Develop permanent, long-term stabilization
recommendations.

As shown on Figure 1, the Jandslide is located along US 101 at MP 322 just north of
Eldon, Washington on the Olympic Peninsula adjacent to the Hood Canal. Through
this area, US 101 is located just above the 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 1,100 feet and upslope a horizontal distance of about 500 feet with a
vertical rise of about 250 feet. The majority of the landslide movements occurred
starting about mid-February and continuing through March 1999. At this time US 101
was closed and local traffic was re-routed around the slide over existing paved and
gravel roads located inland to the west. The southern portion of the slide continued to
move through about mid-May 1999 at which time it appeared to stop. In about late-
April and early-May 1999, attempts were made to remove the landslide debris blocking
US 101 at the toe of the slide. This activity was ceased when further landslide
movement was observed. In late May 1999, a re-route detour was constructed over the
slide debris covering US 101 forming about a 20 foot high toe buttress. In late-October
through November 1999, the southern portion of the slide, essentially up-slope of the re-
route, began moving again along with portions of the landslide toe area adjacent to US
101 to the north. In December 1999, the detour buttress was raised an additional 6 feet
and appears to have stabilized the slide.

Sections 2 through 5 summarize the investigation program, evaluation of the subsurface
conditions, and assessment of the landslide mechanism. Sections 6 through 8 present a
discussion of remediation objectives and options. Section 9 presents specific design
recommendations. The attached Figures and Appendices contain the site exploration
plan, interpreted geologic cross-sections, boring logs, several straﬁgraphic contour plots,
laboratory test results, results of the geophysical survey, piezometer data, data on
installed horizontal drains, inclinometer data, and results of hydrogeologic testing,
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2. SUBSURFACE INFORMATION

2.1 General

This subsurface investigation included a review of available published geologic maps
and review of available aerial photographs. A list of the references is contained in
Section 12.0. The field investigation included surface geologic reconnaissance, borings,
installation of piezometers and inclinometers, laboratory testing, surface geophysics,
and hydrogeologic testing.

Figure 2 shows the locations of the explorations and installed instrumentation, and the
major mapped slide features. The locations of the emergency horizontal drains to date
by WSDOT are shown on Figures 3 and 18. The subsections below summarize the
information with the detailed data presented in Appendices A through F.

2.2 Subsurface Mapping and Aerial Photograph Interpretation

During the course of the investigation from April to November 1999, Golder staff
geologists performed a site reconnaissance of the overall landslide area. The purpose
was to identify and map the major scarps and ground ruptures, areas of seepage,
document exposed soil conditions, and reconnoiter surrounding areas for evidence of
instability. 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 November
1999.

2.3 Field Exploration Program

2.3.1 Geotechnical Borings
2.3.1.1 General

The boring program consisted of explorations at fourteen locations by Golder and six
locations by WSDOT for a total of 20 locations as shown on Figure 2.

Golder's exploration program was performed in three phases. Explorations at nine of
the locations were performed during the first phase of the investigation between April
28,1999, and June 6, 1999. Boring locations drilled during the first phase of the
investigation were located in three lines oriented generally northwest-southeast in the
direction of landslide movement. The uppermost borings in each line were located
behind the active landslide headscarp in order to determine the in-place soil and
groundwater conditions outside the active landslide mass. The second phase of the

investigation included explorations at five additional locations between August 30,1999, =
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and September 21, 1999. The purpose of the second phase of the drilling program was
to further investigate the subsurface conditions in areas where geologic and
hydrogeologic relationships needed to be further defined, and to provide additional
piezometers and inclinometers for monitoring through the 1999/2000-winter season. At
ten of the fourteen locations, the boreholes were completed as inclinometers (including
two “poor boy” inclinometers) with a piezometer installed in an adjacent separate
drillhole. Borings at the other four locations were completed with only piezometers.
The third phase of our field investigation included drilling and installation of a
hydrogeologic test well located west of the landslide in the area of the “reservoir”
discussed in more detail in Section 2.32 and 4.1.

Geotechnical drilling was performed by Crux Subsurface, Inc. Spokane, Washington
under contract to WSDOT.  Drilling of the inclinometers and piezometers utilized a
combination of HQ (3.5 inch) and HWT (4.5 inch) casing advancer, and HQ (2.5 inch)
coring techniques. The drills consisted of a Crux-built 2500 drill and a Burley 4500. The
drills were easily assembled and disassembled and were transported to the drill sites in
Pieces using a Bell Jet Ranger helicopter provided by Aero-Copters, Inc. based at Boeing
Field in Seattle, Washington. During the second phase of the drilling investigation, a
knuckle-boom was used to lift the drill onto the drill site (GA-14) located on the
outboard side of the re-route over the toe of the slide due to concerns with flying in
close proximity to power lines in the area.

Tacoma Pump and Drill, under contract to WSDOT, drilled and installed the test well
for the third phase of the field investigation.

Golder field personnel were not present during drilling activities at the six WSDOT
borings (H-1-99, H-1R-99, H-2R-99, TH-1-99, TH-2-99, and TH-3-99) located along US 101
and above (west of) the Iandslide headscarp. The boring logs for the WSDOT borings
are contained in Appendix A

23.1.2 'Boring§

A Golder geologist was present during all drilling activities to observe and document
the drilling activities, record the soil and groundwater conditions encountered, the
engineering characteristics of the soil units encountered, and collect samples of the soil
materials at all of the fourteen borings drilled by Crux.

At individual drill sites where multiple boring completions were performed
(shallow/deep piezometers or inclinometer/piezometer) the boreholes were drilled
within about 5 feet (1.5 m) of each other. One of the borings at each location (typically
the inclinometer boring or the deeper of the two-piezometer borings) was sampled and
represents the geotechnical data borings. The adjacent, shallower boring was typically
speed drilled without sampling over the upper portions of the hole. The locations of the
borings are shown on the Site Plan (Figure 2).

Soil samples were generally collected using Standard Penetration Tests (SPT’s) where a
2-inch-diameter split-spoon sampler was driven 18-inches (5.5 cm) using a 140-pound s
DOT-50000 056
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(63.5-kg) hammer in accordance with the ASTM D-1586 test method. A 24-inch (61-cm)
sampler was used in GA-10 during the second phase of our investigation to
continuously sample through the landslide failure surface. The number of blows of the
hammer required to drive the sampler every 6 inches (15.2 cm) was recorded, and the
number of blows needed to drive the last 12-inches (30.5 cm) are 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. SPT’s were the most common
sampling method utilized during both phases of the investigation. During the first
phase of the investigation, 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 continuiously 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 (1.5 m) 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, Washington
facility for storage. Selected portions of the core samples were stored in plastic ziplock
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 (6.4-cm) ID thin wall samplers were
collected in general accordance with ASTM D-1587. The Shelby tubes were pushed to
their full 18 (45.7 cm) or 24-inch (61 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.

Detailed field logs of the soil materials encountered in the boreholes were completed in
the field. These borehole logs were edited, finalized, and are included in Appendix A.
A summary of the piezometers and inclinometers is presented in Table 1.

2.3.13 Inclinometer Completions

The inclinometer boreholes were drilled to depths ranging from about 71 to 127-feet
(21.6 to 38.7 m) below the existing ground surface (bgs) in the toe area of the active
landslide, from about 86 to 128-feet (26.2 to 39 m) bgs in the middle portion of the slide,
and from about 208 to 235-feet (63.4 to 71.6 m) bgs above the active landslide headscarp.

Slope Indicator Company located in Bothell, Washington manufactured the
inclinometer casing used during the first phase of the investigation. Inclinometer casing
manufactured by RST of Coquitlam, British Columbia, Canada was used in GA-10
during the second phase of the investigation. The inclinometer casing came in 10-foot

* sections. Slope Indicator brand casing sections were fastened together with snap joints
with O-rings. The RST brand slope inclinometer casmg joints were glued and also
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contained O-rings. The casing was assembled in the borehole, charged with water, and
clean SPT sampling rods were 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 withdrawn from the boring. WSDOT field personnel collected
baseline inclinometer readings and subsequent readings 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 November 7, 1999 are contained in Appendix B.
Since the inclinometers were installed after the landslide had ceased movement, the
data does not reflect the total magnitude of the slope movements. In general, where the
readings give a high degree of confidence, the depth of the landslide failure surface
indicated by the inclinometer readings correspond to within about nine feet of the base
of the landslide as interpreted in the borings.

2.3.1.4 Piezometer Completions

The piezometer boreholes were drilled to depths ranging from about 37 to 76-feet (11.3
to 23.2m) bgs in the toe area of the active landslide, from about 86 to 108-feet (26.2 to
32.9 m) bgs in the middle portion of the slide, and from about 65 to 143-feet (19.8 to 43.6
m) bgs in the upper portions of the slide. Above the active landslide headscarp, the
depth of the piezometer borings ranges from 155 to 235-feet (47.2 to 71.6 m) bgs. An
additional shallow piezometer was installed at the GA-1 boring cluster to a depth of
about 26 feet (7.9 m) bgs as directed by WSDOT. The deep piezometer in boring H-1-99
(GA-3A) above the headscarp on the middle line was installed by WSDOT prior to
mobilizing to the site. Piezometers were also installed by WSDOT in borings TH-1-99
and TH-3-99 located on US 101 below the north toe area of the slide.

The piezometers were constructed using 2-inch (5.1 cm) outside diameter (OD)
Schedule 40 PVC. The screens were generally 0.010 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 available groundwater levels measured through mid November is
presented on Table 2. Groundwater hydrographs for each piezometer are presented in
Appendix C. In piezometers GA-4A, GA-7A, and GA-10A, slug tests were performed to
estimate the permeability. The results of these tests are summarized on Table 3. As
discussed in Section 2.3.4 and shown on Figure 2, WSDOT has installed horizontal
drains during May and June 1999, and again in September to early December 1999.

- These drains have likely impacted the groundwater levels measured in the piezometers

near the drains. '
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2.3.1.5 Instrumentation and Remote Data Access

The MP 322 landslide area was instrumented from the onset of the site investigation as
described in Section 2.3.1.3 and 2.3.1.4. In November 1999 some of this instrumentation
was replaced and upgraded with a set of sensors that were configured to be accessible
by remote telemetry. The instrumentation program included the following sensors:

o three slope indicators positioned to span the failure plane in Boreholes GA-1C, GA-5,
and GA-7
¢ five piezometers installed in Boreholes GA-1A, GA-1B, GA-3, GA-5A and GA-7A

e arain gauge located at the site of GA-5.

These sensors were linked in the field to automatic data logging equipment and also
were connected through radio links to a telephone modem that supported direct
linkage with the Golder offices in Portland and Redmond. A downlink at WSDOT
facilities is planned. The field instrumentation is powered by a solar energy system.

Data can be obtained from the Instrumentation and Remote Data Access by several
means. The field data loggers collect information that is stored and can be downloaded.
The remote telemetry system can be used to call up the field data loggers at any time
and obtain data. Finally, the Data Access system can be configured to call automatically,
typically once per day, and to download data to a remote data base.

Data have been collected since November from the MP 322 instrumentation and these
data have been used in the assessment presented in this report. The major objective of
the Instrumentation and Remote Data Access system is to provide a long term data
monitoring capability for the slide area. These data can be used both for monitoring of
the landslide and any remedial measures that are constructed and also management of
the landslide risk. '

2.3.2 Seismic Refraction Survey

A seismic refraction survey was performed as part of the subsurface investigation of the
MP 322 landslide. The seismic refraction survey consisted of shot lines oriented
approximately north-south across the width of the landslide and approximately east-
west across the landslide. Two additional shot lines oriented north-south and east-west
were located west of the landslide headscarp to investigate the subsurface extent of a
stratigraphic depression that forms a “reservoir” in the erosional upper surface in the
top of the glaciolacustrine deposits suggested by borings performed during the first
phase of the investigation. The locations of the seismic lines are shown on Figures 2 and
3. Results of the refraction survey are presented in Appendix D.

-2.3.3 Hydrogeologic Testing

A hydrogeologic test well was drilled west of the landslide headscarp and WSDOT
boring H-1-99 in order to characterize the soil and groundwater conditions in the area of
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the “reservoir” suggested by the seismic refraction survey and a previously drilled
boring (H-1-99). The test well was anticipated to be about 300 feet (91.4 m) deep. A
Golder field geologist was present to observe and document the drilling activities,
record the soil and groundwater conditions encountered, collect grab samples of the soil
materials, document well installation and development activities, and perform a step
drawdown pump test. '

Great West Drilling (Great West) out of Fontana, California, under contract to WSDOT,
was on site from November 8 to November 11, 1999. Great West used a truck-mounted
AP 1000 Becker drill to advance 10-foot (3.1 m) long sections of 8-inch (20.3-cm) LD.
(inner diameter) steel well casing. The Becker drill utilizes a Becker hammer to advance
6 5/8-inch (16.8 cm) OD (outer diameter) dual walled drill casing. The 8-inch (20.3-cm)
LD. steel well casing is advanced down the boring immediately behind the drill casing.
The soil cuttings are transported directly from the bottom of the advancing borehole up
the inside of the dual-walled drill casing to the ground surface. Great West was able to
advance the boring to about 110 feet (33.5 m) bgs (below ground surface) before difficult
drilling was encountered and the well casing separated near one of the welded joints in
the boring. Great West was able to retrieve all the casing from the boring before leaving

‘the site. WSDOT contracted Tacoma Pump and Drill (Tacoma Pump) of Graham,

Washington to finish drilling, installation, and development of the test well using a
Barber DR 24 air rotary drill. Tacoma Pump was on site from November 16 to
November 22, 1999. The Barber drill uses air to transport the soil cuttings up the
annulus between the single walled drill casing and the 8-inch (20.3 cm) LD. steel well
casing. The Barber drill uses a lower drive unit to advance the 8-inch (20.3-cm) I.D. well
casing behind the drill casing. Rather than re-drilling down the existing boring, on site
personnel from Golder, WSDOT, and Tacoma Pump decided to offset about 17 feet (5.2
m) to the north and drill another boring. A 7 5/8-inch (19.4 cm) tricone button bit was
used to drill the boring ahead of the advancing 8-inch (20.3 cm) well casing. Tacoma
Pump assembled the 8-inch (20.3-cm) well casing in 20-foot lengths. All the 8-inch (20.3
cm) LD. well casing joints were welded.

During drilling, grab samples were collected from the discharge hose every five feet of
drill depth. The grab samples were placed in one gallon ziplock baggies and shipped to
Golder’s Redmond, Washington office for additional classification. Two grab samples
from within the anticipated well screen depth interval were delivered to the WSDOT
soils laboratory in Tumwater, Washington for grain size analysis.

At the conclusion of drilling, the screen and sump were assembled at the top of the well.
A K-packer was welded to the top of the screen assembly to create an annular seal
between the 8-inch (20.3 cm) I.D. well casing and the screen assembly. The 8-inch (20.3
cm) 1.D. well casing was pulled back to the desired bottom elevation for the screen/sump

- assembly. The bottom of the boring was backfilled with bentonite chips and clean

-gravel. The screen and sump assembly was lowered into the boring and the 8-inch (20.3

. cm) LD. well casing was again pulled back to expose the well screen and sump. The

well was air developed for about 2 hours until the sediment load within the developed
water decreased and appeared to stabilize.
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The pump assembly installed by the WSDOT consisted of a 7.5 horse power submersible
pump connected to a 2.5-inch (6.4-cm) diameter riser. The pump test was performed on
December 8, 1999.The test pump well was GA-15 and was 297 feet (90.5 m) deep and
screened from between 190 feet (57.9m ) to 225 feet (68.6m). The pump was set about
207 feet (63.m) below the ground surface. The well was pumped for a total period of
about 8 hours at successive rates of 25, 35,45, and 53 gallons per minute (95,132.5,170,
200.6 liters per minute). Ata pumping rate of 53 gpm (200.6 J/min.), the groundwater
level was located at the pump intake level.

Water levels at each pumping step stablhzed qulckly The specific capacity of the well
ranged from 2.8 to 55 gpm (10.6 to 208.2 lit/min) per foot (.305 m) of drawdown. Some
development (removal of fines and consolidation of material around the well bore)
appears to have occurred during pumping, since the specific capacity is not linear with
increasing pumping rate.

Results of the pump test and a detailed boring log for the tests well are contained in
Appendix E.

2.4 WSDOT Emergency Horizontal Drains

In June/July 1999 WSDOT installed a series of 300 to 400 foot (91.4 to 121.9 m) long
horizontal drains from four array locations above the road identified as Arrays A
through D. In September through December 1999 a second series of horizontal drains
was installed under the direction of WSDOT. These are identified as Drain Arrays E
through N. Figures 3 and 18 show the approximate locations of the installed drains. The
locations and orientations, particularly Arrays E through N, should be considered very
approximate since as built data were not provided to Golder. In addition, the
inclinations are not known although it was understood that WSDOT did obtain
inclination data from the December 1999 installations.

The combined flows of the three initial arrays A though C decreased from about 206

~ gpm in early June to about 100 gpm (378 lit/min) in September 1999. Of the 35 drains in

these initial three arrays, about 80 percent of the flow comes from three drains (A5, A6,
A7) in array A and drain B8 in array B. In fact drain A7 by itself seems to discharge about
35 percent of the total flow. The discharge data for drains in arrays A, B, C,and D are
summarized in Table 4 with representative plots of discharge versus time shown on
Figure 4. Only limited drain discharge data have been collected from drains in Arrays E
through N as many of the drains were covered by soil debris resulting from the recent
wet weather of November and December 1999. The limited data collected from these
drains are presented in Table 5.

2.5 Laboratory Data

Laboratory testing was performed consisting of grain size analyses, water contents, and
Atterberg Limits on representative samples from the glaciolacustrine landslide debris,
landslide debris near the failure surface of the slide, and on samples of the
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glaciolacustrine deposits. Direct shear testing under drained conditions (ASTM D-3080)
was done on selected samples of the material at the landslide failure zone.

The laboratory test results are contained in Appendix F.
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3. SITE CONDITIONS

3.1 Geologic 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.

The most recent landslide activity at MP 322 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.

3.2 Seismic Setting

3.2.1 General

‘The project site is located within an active convergent plate marg1n 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: '

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

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

e 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
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Hartzell, 5.H., 1992) and others has suggested that prehistoric earthquakes have
occurred along the Cascadia Subduction zone producing earthquakes with magnitudes
as large asM =8 or 9.

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 k. 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 indicated that an unstable portion of the landslide
might 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. '

3.2.3 Recommended Project Design Event

Based on the USGS criteria for the site area, the design event (10 percent exceedence in
50 years) is about 0.30g increasing to as high as 0.55 for a maximum event (2 percent
-exceedence in 50 years).

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 coniferous trees and brush. US 101 is
located at the toe of the hillside adjacent to Hood Canal. In general, the highway is at
about elevation 50 to 60 feet (15.2 to 18.3 m) MSL with the hillside rising at about 2H: 1V
to 3H:1V up to about elevation 470 feet (143.3 m) above Hood Canal.

—
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In general the slide is about 1,000 feet (304.8 m) long and exterids horizontally upslope
about 300 to 400 feet (91.4 to 121.9 m). The total relief ranges from about 250 feet (76.2 m)
in the south to 150 feet (45.7 m) in the north. Gross overall slope from the toe of the
landslide to the upper scarp steepens from about 24 degrees at the northern end to
about 30 degrees in the southern area. The lower 100 to 150 feet (30.5 to 45.7 m) toe area
of the landslide generally has a steeper topography with slopes on the order of 28 to 32
degrees except the very northern area. The toe of the landslide appears to occur at or
above the road. The detour involves about a maximum 25 ft (7.6 m) thick fill/debris flow
buttress. The current topography implies that the original ground in the upper half of
the slide has dropped 15 to 30 feet (4.6 to 9 m) resulting in an overall slope reduction of
about 2 to 3 degrees. Ground scarps have been observed trending south of the
headscarps of the known active landslide. These scarps may be indicative of future
growth of the main slide to the south.

In the southern third of the landslide the slopes above the highway have been generally
cleared of vegetation. In the northern two-thirds of the landslide, the slopes
immediately above the highway are much steeper. Due to the significant slope
movements, the southern half of the landslide area has numerous scarps, cracks, and
areas of disturbed material. There are several areas of grabens forming between
scarplets within the landslide mass. 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.

3.4 Landslide History

The slide started moving in February/March 1999 and reportedly initiated in the central
area with scarps noted to the north that eventually connected with the southern scarps
to form the single landslide mass. We understand that the slide appeared to initiate near
the road and then progressed upslope. The initial failure reportedly occurred in the
central portion of the side near Section B-B'. Debris from the slide eventually covered
the road. The landslide seemed to stabilize in April/May when debris removal
operations were begun from the north side of the debris lobe in an attempt to reopen
the road. In May as the clearing moved toward the south, the slope above the debris
lobe began moving again with the movement extending upslope to the headscarp. A
detour road was constructed by early June by regrading and placing the detour road up
and over the debris lobe in the area. The inclinometers in the detour area indicate
continued movement of 2 to 4 inches (5 to 10.2 cm) from June to August.

An earthquake on July 2, 1999 occurred some 25 miles 40.2 km) from the site. The
inclinometer data implies that the earthquake caused the slide in the detour area to
move an additional 1/2 to 1 inch (1.3 to 2.5 cm). Although there was a rain event at the
end of June, the piezometers show no increase (unless it was a rapid rise and fall). Thus
it appeared that the seismic event cause the movement.

Once the iains started in the fall of 1999, a portion of the slide uphill of high point in the
detour began moving with total movements in excess of 3 to 4 feet (0.9 to 1.2 m). The
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movement was relatively shallow with the movement toeing out at about the level of
the detour route. In addition shallow debris flows occurred at several places along the
slope. In mid December, the buttress was raised about 6 feet (1.8 m) and the steep toe
areas drained and covered with rock. In addition rock fill was placed along unstable toe
portions of the slope with finger drains installed. Since then the areas appears to have
stabilized.

3.5 Rainfall

The Hood Canal area experienced record setting rainfall during the winter of 1998/1999.
The nearest reporting rainfall gauge is located at the Cushman Powerhouse, located
about 9 miles (14.5 km) to the south of the MP 322-landslide site.

Figure 5 is a plot comparing the monthly precipitation totals since September 1998 with
the monthly average from 1984 through 1997. Figure 6 is a plot of daily precipitation
totals from September 1998 through early December 1999. Table 6 is a tabulation of the
historic monthly precipitation totals averaged from 1984 through 1997.

The period of particularly heavy precipitation began in November 1998 culminating in a
monthly total of 32 inches (81.3 cm) and continuing through the end of February. The
total cumulative rainfall for the four-month period (November 1998 through February
1999) was 107.6 inches (273.3 cm). The average rainfall for the Hood Canal is
approximately 88 inches (223.5 cm) per year.

During the 1999 spring and summer months (March through September), the Hood
Canal area received relatively little rainfall. The total rainfall through that period was
about 16.9 inches with an average daily precipitation of generally less than 0.2 inches
per day. Thus far in late October and November 1999, the Hood Canal area has received
a total of about 27.7 inches (70.4 cm) of precipitation with a daily average of about 0.7
inches (1.8 cm) per day.

Golder Associates



February 8, 2000 14 993-1466

4. SUBSURFACE CONDITION

4.1 General

In general, the subsurface conditions include a glaciofluvial outwash unit (ranges from
fine to medium sand to sand and gravel), a finer grain granular transition layer (ranges
from silty sand to sandy silt) and a deep glaciolacustrine silt/clay unit (clayey silt to silty
clay, with Plastic Indices from 5-50). In the southern area, a permeable granular glacial
drift layer underlies or is incorporated in the glaciolacustrine unit. In general, the
materials above the landslide plane are very loose/compact or firm. Many of the coarse
sands had SPT values less than 10 b/ft and as low as 2 to 4 b/ft. These low values are
indicative of a very loose, disturbed soils with a very low relative density. Theoretically
the SPT values imply the transition and glaciofluvial soils have a relative density of
about 30 to 40 percent.

Based on the sample descriptions and the inclinometer data, the inferred failure plane

‘occurred generally within the glaciolacustrine clay in the lower part of the landslide and

through the granular soils above the clay in headscarp area. Only in boring GA-4 does it
appear to occur at the transition-clay contact. In several borings, there was evidence of
ancient landslide planes below the currently active rupture. There was as much as 10 to
30 feet (3 to 9 m) of glaciolacustrine clay landslide debris above the current landslide
plane in the lower areas of the slide. This explains why it was possible for a shallower
slide to occur in the detour area with the new failure toeing out at level of the detour fill
buttress even though the overall slide was stabilized.

The inferred elevation of the top of the glaciolacustrine clay appears to form a deep
depression just upslope of the slide in the vicinity of borings GA-3 and Section B-B". As
implied by the geophysics, the glaciolacustrine clay-transition contact forms a
depression that drops to about elevation 40 feet (12.2 m) some 300 feet (91.4m) upslope
of the landslide headscarp with a "spillway" near GA-6 and GA-13 at about elevation 95
feet (29 m). The transition/fluvial contact at the spillway is at about elevation 130 to 140

- feet (39.6-42.7 m). A pump test implies that the water levels in the reservoir can be

effectively lowered with pumping.

Several borings encountered loose sand underlying the existing roadway. The material
has the appearance of debris flow deposited by ancient landslides or simply colluvial

. processes. The soils are about 20 to 40 feet (6.1-12.2 m) thick with N values in the range

of 4 to 10 b/ft. Based on the borings, the loose soils below US 101 extend about 400 feet
(122 m) from the central area to within about 150 feet (45.7 m) of the northern end of the
landslide. Section F-F' on Figure 12 shows these conditions.

4.2 Stratigraphy

The mappéd limits of the landslide mass are shown on Figure 2. The thickness of the
landslide mass ranges -from 0 to 25 feet (7.6m) (around the perimeter of the landslide to a
maximum of about 50 to 75 feet (15.2 to 22.9 m) thick in the central area of the landslide.
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The general geometry of the basal landslide plane appears to include a relatively flat
lower section within about 75 feet (22.9 m) of the toe, a central section where the slide
plane is roughly parallel with the ground surface, a steep upper section leading to the
head scarp.

Four primary stratigraphic units were encountered at the MP 322 site. From youngest to
oldest these are: coarse grained glaciofluvial advance outwash, finer grained transition
beds, hard glaciolacustrine deposits and a very dense older till-like deposit termed
glaciofluvial drift in this report. Detailed discussion of these stratigraphic units is
presented below. The approximate limits of the landslide as well as the drilling and
cross section locations are shown on Figure 2. Figures 7 through 13 show interpreted
Cross Sections.

¢ Landslide Deposits — The composition of the landslide deposits are quite
variable and generally reflect the vertical distribution of the original in-place
strata. The upper portion of the landslide deposits are generally coarse grained
reflecting the remobilized nature of the glaciofluvial deposits while the lower
portion of the landslide deposits are generally finer grained reflecting the finer
grain sediments of the transition beds and glaciolacustrine deposits. Most of the
landslide debris consists of very loose to compact or firm disturbed soils. The
coarser grained landslide deposits range from very loose to compact, 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. Figure 14 is a contour map of the base of the landslide
deposits.

Boring GA-13, located between GA-4 and the active landslide headscarp,
encountered what appears to be in-place dense to very dense glaciofluvial
deposits between about 45 and 60 feet bgs. However, these are underlain by
generally compact to dense and stiff to hard transitional and glaciolacustrine
deposits. The transitional beds and glaciolacustrine deposits show lower than
expected N-values to a depth of about 126 feet (38.4 m) bgs and fractures
observed within the glaciolacustrine deposit at about 122 feet 37.2 m) bgs. This
evidence, coupled with tension cracks observed west of the headscarp in the
area up slope of GA-13, suggests a possible wedge of strain softened soils related
to the recent movement of the MP 322 landslide extends below and immediately
~west of the head area of the active landslide in this area. Alternatively, the zone
of anomolously low blow counts may be associated with an older pre-historic
failure surface. '

e Older Landslide Deposits - This unit was observed in borings GA-1 and GA-10
below the active landslide plane in the southern portion of the landslide and in
borings GA-14, H-1R-99, H-2R-99, TH-1-99, TH-2-99, and TH-3-99 below US 101.
Below the active landslide plane the unit generally consists of firm to hard, olive
gray to dark gray, massive to laminated, jointed, polished silty clay to clay with
thin fine sand laminae. Hard, angular, clasts in a disturbed matrix were also
observed. Below US 101 the older landslide debris consists of very loose to
dense, greenish gray to olive brown, mottled, iron oxide stained, stratified to
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homogenous, fissured, sandy silt ranging to silty sand with gravel and organics.
The interpreted older landslide debris located below US 101 was likely deposited
at the base of the pre-US 101 slope by a combination of Jandslide and debris flow
processes. The interpreted subsurface distribution of the older landslide debris
is shown on Figures 7, through 13.

Glaciofluvial Outwash — These deposits are clearly exposed in the head scarp of
the landslide and were encountered in borings GA-8, GA-9, H-1-99, and GA-15 to
the west of the head scarp. The unit is generally compact to very dense, thickly
interbedded, and varies from fine to coarse sand with a trace to little silt and a
trace of rounded gravel to sandy fine to coarse gravel with a little silt. This unit
contains occasional interbeds of finer grained soils ranging from fine sand to
sandy silt. Iron oxide staining is common. Figure 15 shows elevation contours at
the base of the glaciofluvial deposits (top of the transitional deposits) generally
west of borings GA-4 and GA-6, and at the base of the glaciofluvial lJandslide
debris (generally east of borings GA-4 and GA-6).

Transition Beds — The Transition Beds represents a general fining downward
sequence from the glaciofluvial deposits to the glaciolacustrine deposits. This
unit was observed underlying the glaciofluvial deposits in the southern lateral
scarp of the landslide and was encountered in borings GA-6, GA-8, GA-9, GA-13,
GA-15, and H-1-99. This unit overlies the hard glaciolacustrine deposits and
ranges in thickness between generally 35 and 45 feet 10.7 to 13.7 m). The
Transition Beds generally range from dense to very dense, light olive gray to
light olive brown, massive to stratified, silty fine sand with a trace to little fine
rounded gravel to fine to coarse sand with a trace to little silt and a trace to some
rounded fine to coarse gravel. The unit contains occasional finer grained
interbeds of silty clay ranging to sandy silt. Iron oxide staining was observed.
Figure 16 shows elevation contours at the top of the disturbed glaciolacustrine
deposits or base of the disturbed transitional beds within the landslide debris.
Figure 17 shows elevation contours at the top of the in-place glaciolacustrine
deposits or base of the transitional beds west of the headscarp..

Glaciolacustrine Deposits — The glaciolacustrine deposits were observed
underlying the transitional deposits in borings GA-8, GA-9, GA-15 and H-1-99
west of the head scarp, in borings GA-1, GA-4, GA-5, GA-6, GA-7, GA-10, GA-11,
GA-12, and GA-13 below the active landslide, and in GA-14, H-1R-99, H-2R-99,
TH-1-99, TH-2-99, and TH-3-99 beneath US 101. The glaciolacustrine deposits
are generally hard, massive to laminated, locally jointed sediments ranging from
silty clay to clayey silt with a trace of sand and rounded gravel sized dropstones.
Figure 17 shows elevation contours at the top of the in-place glaciolacustrine
deposits.

Glaciofluvial Drift — This unit was observed within the glaciolacustrine deposits
in borings GA-2, GA-5, GA-10, GA-11, and GA-12 primarily below the eastern toe

~ area of the landslide. The unit typically exhibits an overall till-like appearance

and consists of very dense and hard, nonstratified to crudely or thickly bedded,
silty clay ranging to silty fine to coarse sand with a little to some fine to coarse

e
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gravel and a trace of cobbles and boulders throughout. The interpreted
subsurface distribution of the glaciofluvial drift is shown on Figures 7, 11, and 12.

" Zones of disturbed glaciolacustrine clay below the current basal landslide plane and the

unusual character of the topography upslope of the head scarp implies that this overall
hillside was part of an ancient landslide mass. The current active section has probably
moved multiple times resulting in the completely disturbed, loose nature of the
landslide debris.

Figures 15 clearly show that the top of the glaciolacustrine deposits is an undulating
surface with stratigraphic highs and lows forming ridges and troughs. Of particular
significance to the project is the apparent depression located behind (west) of the main
head scarp in the vicinity of GA-3 and GA-15. In this area, the glaciolacustrine clay
appears to form a deep, infilled stratigraphic depression. Several possible origins of the
depression exist; 1) an ancient graben formed within ancient landslide deposits or 2) it is
an erosional surface. The deposits overlying the glaciolacustrine clay in the depression
are composed of partially saturated granular outwash and transitional bed sediments,
which form a localized groundwater basin with groundwater perched on the low
permeability glaciolacustrine deposits. A distinct narrow, east-opening trough
developed within the surface of the glaciolacustrine deposits connects the basin with
the east-dipping glaciolacustrine surface located beneath the landslide mass. When
groundwater levels are high enough within the basin, the narrow trough acts as a
spillway providing a direct path for groundwater to flow into the landslide mass. Based
on the seismic refraction survey, the elevation of the top of the glaciolacustrine deposits
in the narrow trough and thus the “spillway invert elevation”, is approximately 95 feet
(29 m).

4.3 Failure Plane Geometry

Superimposing all of the landslide cross-sections indicate that the slide plane geometry
is essentially the same. The landslide mass has a maximum landslide thickness of about
40 to 60 feet (12.2 to 18.3 m) with a relatively flat slide plane in the toe area, steepening
to about 20 degrees through the main slide area. In the headscarp area, the failure plane
trends upward at about 50 to 60 degrees. The main differences in the sections
correspond to the surface slopes, which flatten from south to north.

The geometry of the shortest section A-A' in the southern area implies that it could
progress further upslope and develop a similar geometry to the other sections.

4.4 Hydrogeology

It is understood that during the active period of landslide activity, heavy seepage was
observed in the toe area of the landslide. Currently seeps are still occurring in these
areas. Elsewhere on the landslide away from the toe area, groundwater seeps were not
observed.
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In the main central area of the slide, the groundwater (in September 1999) appears to

‘occur 5 to 15 feet (1.5 to 4.6m) above the landslide plane. This corresponds to being

within about 5 feet (1.5 m) (above or below) the clay/transition contact. In the northern
area where the toe of the slide occurs in the transition or drift units, the groundwater
drops below the slide. The overall current average groundwater gradients range from
about 50 percent in the northern area where the ground is steeper to 30 percent in the
flatter northern sections.

In general, the groundwater levels in the initial set of borings have dropped about 5 to
10 feet (1.5 to 3 m) from April/May through September 1999. There does not seem to be
a clear relationship between the drop and the flow from the horizontal drains. This lack
of correlation may be due to the uncertainties about the drain orientation and the
limited number of piezometers near effective drains. During the fall and early winter of
1999, the piezometer levels exhibited little if any increase except for the area upslope of
the detour. In factin some areas, the groundwater appears to be continuing to fall.
These observations imply that emergency horizontal drains have had a significant
impact. Additional data throughout the winter will confirm this initial impression.
Deeper piezometers in the glaciolacustrine clay indicate a deeper groundwater level
with pressure heads lower than the overlying groundwater levels. These lower levels
may not have any real significance due to the low permeability in the hard clays.
However, in the southern area, there is a continuous deeper watertable within the Drift
unit below the clays.

The water levels in the reservoir as measured in GA-3 ranged from about elevation 142
feet (43.3 m) in April 1999 to elevation 130 feet (39.6 m) in September 99 or a drop of 12
feet (3.7 m). Estimated top of clay at spillway is about elevation 95 feet (29 m) with base
of fluvial unit at about elevation 130 to 140 feet (39.6 to 42.7 m). With the groundwater
at elevation 142 feet (43.3 m), there would be about 40 to 50 feet (12.2 to 15.2 m) of
saturated transition soils and possibly up to 12 feet (3.7 m) of saturated fluvial sands.
Based on the trend from April through September 1999, it is possible that the water
could have been as high as elevation 150 to160 feet (45.7 to 48.8 m) at failure in February
1999. The recent pump test results imply that these levels can be controlled and
lowered with pumping.

To evaluate the potential of controlling a source of groundwater entering the landslide
mass through the spillway, a pump test was performed in order to characterize the
hydrogeologic conditions in basin. Details of the pump test were previously discussed
in Section 2.5. '

An analysis of the water-level recovery indicates that the transmissivity of the well is
about 2,500 ft’/day (232.3m?%day). The aquifer thickness is estimated at about 20 feet (6.1
m), for a hydraulic conductivity of about 2 x 10-2 cr/sec. Well GA-3, located
approximately 165 feet (51.2 m) to the east was used as an observation well to monitor
drawdown effects from GA-15. No drawdown was observed in well GA-3 during the
eight hour duration pump test. However, since the material is highly permeable, it is
likely that a longer pumping time is required before drawdown should be observed at

. this distance. Based on an estimate of the storage coefficient of 0.02, we estimated that it
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would take about 7 days to achieve a drawdown of 1.5 feet, and recommended that
WDOT initiate a longer pumping test. During a meeting between Golder and WSDOT
on December 17, 1999, it was agreed that pumping from GA-15 would be resumed and
continued indefinitely.

Pumping was resumed on December 22, 1999. Water levels have declined about 3 feet
(-9 M) in GA-3 since the initiation of pumping at GA-15. The response to pumping is
shown clearly on the hydrograph, with drawdown starting on December 27, 1999.
Fluctuations in water level are likely the result of changes in the pumping rate and/or
precipitation events. However, these responses are small and it appears that pumping
of well GA-15 is effectively dewatering the aquifer. The results of the pump test and
hydrographs are contained in Appendix E. Specific sections for dewatering the
reservoir are presented in Section 9.2.3.

The interpreted groundwater elevation contours as of July 1999 are shown on Figure 18.
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5. LANDSLIDE MECHANISM AND STABILITY EVALUATION

5.1 Slide Mechanism

The data imply that the landslide was a progressive block slide with the landslide debris
failing on a weak zone near the top of the glaciolacustrine clays. 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. Elevated groundwater levels are
considered to be the trigger causing the landslide. As discussed in Section 3.5, the area
had experienced record rainfalls that likely resulted in water levels that were higher
than had occurred for many years. 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 is generally located within a disturbed, softened zone in the
glaciolacustrine soils. Since the material had failed previously, it had been strain
softened and likely occurred at the material's residual angle.

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

foe.

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. This released seepage pressures and
"pockets" of trapped water within the block causing numerous "debris flows" to
occur.

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.

It is significant that in most areas, the glaciolacustrine slide unit extends above the active
slide plane in the toe area. This material likely has a low strength similar to the slide
plane itself. Thus remediation methods which stabilize the original slide may not
prevent a shallow slide from occurring. This was observed in the detour buttress area as
discussed in Section 5.2 below. Figure 15 shows the areas where this condition occurs. -
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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 three stability sections (Section A-A’and
B-B', and G'G'") within the main landslide mass. 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 5 to 10 feet (1.5 to 3 m) higher than shown on Figure 18 in the toe area
and about 10 to 15 feet (1.5 to 3 m) higher at the back of the landslide. This resulted in
steep gradients with near surface seepage in the toe area.

The analysis implies that the lower 100 to 150 feet (30.5 to 45.7 m) of the slide mass failed
first with the movement progressing upslope as each successive block Iost toe support.
In general, if the initiation block had a computed FS of about 1.0 with an elevated
groundwater line, the entire slide mass had a computed FS of about 1.05 to 1.15
depending on slope geometry. These results, combined with the observations, imply
that the landslide was a progressive failure with two or three main events. Reasonably
consistent results were obtained with granular landslide units having ¢' = 28 to 30
degrees, ¢'= 0 psf. For a granular soil, this is about as low a ¢ as is considered credible.
The implied strength of the slide plane through the glaciolacustrine unit was ¢' = 24 to
26 degrees, ¢ = 0 psf. The analysis for the steep southern section, upslope of the current
detour buttress, implies that there may have been some strain softening with the pre-
slide strengths being about 2 degrees higher to be consistent with the observations. The
range in ¢' of 24 to 26 degrees is reasonable for the residual angle of a low PI clay.
Direct shear residual angle testing on these materials are consistent with these
assumptions. :

Section G-G' was analyzed to assess the observed slope movements in the vicinity of the
detour buttress. The results indicated:

e NEED FOR DETOUR BUTTRESS: Due to the relatively steep topography in the
area, the XSTABL results were consistent with the slope continuing to fail when
removal of the debris along US 101 was attempted in May 1999. With the
geometry of the emergency buttress as shown on G-G', the FS would have been
marginal over the summer of 1999.

e SLOPE MOVEMENT DURING SATSOP EVENT: Estimates of seismically
induced slope movements are based on the ratio of the yield acceleration (Ay) to
the peak applied acceleration Am. Ay is defined as the calculated horizontal
acceleration required to reduce the FS to 1.0. The yield acceleration (Ay) was
computed to be about 0.035g for Section G-G' prior to raising the roadway in
December 1999 based on the groundwater conditions at the time of the 1999
Satsop event. As discussed in Section 3.2.2, the likely acceleration at the site was
on the order of 0.07g. Using published normalized curves based on the
Newmark method, the estimated slope movement for an Ay/Am of 0.5 would be
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on the order of about an inch (2.5 cm). This is consistent with the measured
movement of about ¥-inch (1.3 cm) over the period of the event.

e ADDITIONAL MOVEMENT IN THE FALL 1999: Once the rains began in the fall
of 1999, the area in the vicinity of G-G' began moving with a total slope
movement likely exceeding several feet. The toe of the new movement appeared
to occur at the edge of the new detour buttress some 20 feet above the original
toe of the slide during the original failure. The XSTABL runs indicate that once
the detour buttress was placed, the critical failure surface became a shallower
slide toeing out at the road consistent with the observed failure once the rains
started. The analyses also shows that raising the buttress fill six feet (1.8 m) as
done in December 1999 would stabilize the slide.

5.3 Back-Analyses US 101 Embankment

As discussed in Section 4, about a 400-foot (122 m) section of the roadway is underlain
by loose sands believed to be ancient debris flow material. The current embankment
slope from US 101 down to Hood Canal is on the order of 30 to 40 degrees. The limited
data imply that the groundwater table drops in the debris but still may resultin a
moderate groundwater gradient flowing out to sea level.

Stability calculations for the slopes between US 101 and Hood Canal indicate that the
near face slopes must be in soils that are dense and/or exhibit an apparent cohesion.
Below the assumed near face conditions, loose soils underlying the main roadway are
weak and imply that the current factor of safety for circular failure surfaces through the
roadway down to Hood Canal is marginal, probably on the order of 1.05 to 1.15.
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6. STABILIZATION CRITERIA FOR 1999 CONSTRUCTION SEASON

6.1 General

It was not the intent nor was it practical to implement the final stabilization options
prior to the 1999-2000 wet winter season. The intent was to complete installation of the
emergency horizontal drains and then perform additional emergency work as needed
to maintain the one lane detour road open over the winter until the permanent work
could be completed in the summer of 2000.

Once the fall rains started in November 1999, several problems developed including
slope failure in the high area of the detour route and mud flowing onto the highway
particularly in the northern area of the slide.

6.2 Slope Problems Fall/Winter 1999

The slide movements first occurred above the high area of the detour resulting in the
shearing of inclinometers at GA-2, GA-10, and GA-11, visual surface cracks and ruptures,
measured surface movements and soil squeezing onto the roadway resulting in
decreased detour road width. The measured surface movements included over 2 feet (.6
m) of relative vertical displacement at one scarp above GA-10 (absolute movement likely
over 3 feet (1 m)) and settlement between the surface casing and piezometers at several
locations. Based on the inclinometer data, the slide plane occurred at a depth of 15 to 25
feet (4.6 to 7.6 m) and appeared to be about 10 to 20 feet (3 to 6.1 m) shallower than the
original failure plane in the winter of 1999 which toed out at about the level of the old
roadway surface. The fall/winter 1999 slide depth seemed consistent with the detour
buttress forcing the slide plane above the original toe in order to daylight at about the
level of the current detour roadway.

In addition to the slide movement, the near surface soils in part of the northern half of
the detour route softened to a slurry consistency and spilled onto the roadway. This
required constant maintenance to keep the roadway clear of debris. In general, the area
where the soil is flowing onto to the roadway appears to be underlain by silts and clays
at the surface. Itis postulated that as the slide moves, the near surface soils softened
due to being distorted and subjected to surface infiltration and groundwater seepage.
The silts and clays rapidly deteriorated under these conditions to a slurry and flowed on
to the roadway. This results in a loss of toe support for the near surface soils above the
slurry causing additional soils to deteriorate to a slurry and flow onto the roadway.
These silt and clay soils appear to extend some 20 to 30 feet (6.1 to 9.1 m) above the
roadway in the northern section of the detour. The near surface soils in the southern
section of the detour appear to be sandy and do not as readily deteriorate.

_ In the northern several hundred feet of the slide, there are areas where the soil has
flowed out onto to the roadway. These failures are similar to the shallow debris flows

occurring in the detour area although there is no evidence that the overall landslide has

_been reactivated. These debris flows are associated with steep topography near the toe
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. area, rainfall infiltration, surface runoff and seepage. The soils appear to involve both

silts/clays and sands. In this area the traffic had been using two lanes with the
beginning of the one lane detour route occurring further to the south. Due to the
debris flows, WSDOT closed the southbound lane adjacent to the slope placing a jersey
barrier along the original roadway center line, moving the detour to the north of the MP
322 slide, and using the abandoned lane as a catchment area. This resulted in 20 to 30
foot catchment area between the toe of the slope and the jersey barrier on the western
side of the one lane detour roadway. According to WSDOT, this catchment area was
sufficient to allow periodic removal of debris and maintain the one lane of traffic to the
east of the jersey barrier. ‘

6.3 Remediation and Maintenance Winter 1999/2000

Working with WSDOT, Golder developed the remediation criterion, which was
implemented in December 1999. This included raising the roadway about six feet
through the northern 100 feet (30.5 m) of the detour area where slide movement had
occurred to increase the size of the toe buttress.

Other remediation north of the high point in the detour route where debris flows were
impacting traffic is recommended. The recommendations include:

e EXCAVATION OF SOFT SOILS: To a maximum depth of about 2 feet, any soft,
disturbed soils on the slope in the toe area should be removed down to firmer,
more intact material. This excavation should extend about 6 feet upslope or to

firmer soils.

¢ FINGER DRAINS AND TOE DRAINS: The finger drains would consist of
excavating narrow trenches at about 10 foot (3.1 m) centers and some 10 feet (3.1
m) above the roadway. In addition, a 12-inch (30.5-cm) deep trench should be cut
along the base of the slope and graded to drain by gravity to the north and south
along the detour route.

e ROCKFILL: Once the upper soft soils have been removed and the finger/toe
drains excavated, the entire toe area of the slope should be covered with a
minimum of 2 feet (0.6 m) of rockfill. The rockfill should extend about 6-feet (1.8
m) above the toe of the slope and meet the project specifications for quarry spalls
or an approved equal

The slopes and instrumentation data will be monitored throughout the winter. As
necessary, debris flow material will be removed. If slope movement and/or debris flows
become a problem, additional emergency remediation work will be required.
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7. REMEDIATION OBJECTIVES

7.1 Main Objectives

The assessment of long term landslide risks is not an exact science. Even with the level
of investigation completed, there are major uncertainties related to soil stratigraphy,
slide mechanism, and groundwater behavior. In addition, there are uncertainties
related to future seismic events, longevity of the horizontal drains, and potential
impacts of future manmade changes. A detailed uncertainty analysis could have been
performed to develop a probability of failure and assess the cost effectiveness of various
levels of risk reduction versus cost and consequence of failure. Such an evaluation
would have to consider funding issues, public opinion and public impacts. These are
difficult issues well beyond the scope of this geotechnical study.

Given the current situation at MP 322, it is understood that WSDOT’s main objectives
for landslide remediation are:

e Averylow risk that any major road closures will occur due to future landslides
or debris flows.

e Minimal construction impacts to the public which would involve limiting any
road closures. ,

o Although cost is a consideration, stability and public impacts should not be
compromised to minimize costs.

o Since the goalis to protect the road, alternatives that protect the road but do not
necessarily stabilize the slide should be considered.

These objectives were defined based on a combination of the theoretical results,
constructibility considerations, and judgment with the general intent being any
remediation option result in a calculated static factor of safety (FS) of at least 1.25 using
conservative assumptions about the long term effectiveness of drains. These criteria are
consistent with normal engineering practices for slopes when the primary objective is
maintaining trafficability on the roadway and costs are a secondary concern.

7.2 Seismic Risks Main Slide Area

With a remediated static FS on the order of 1.25, the computed yield accelerations (Ay)
for the various cross sections analyzed was on the order of 0.1g. Ay is defined as the
calculated horizontal acceleration required to reduce the psuedostatic FS to 1.0.
Provided the anticipated maximum acceleration (Am) is on the order of only twice Ay
(or about 0.2g), the theoretical slope movements caused by the earthquake should be
small, on the order of a few inches. With the USGS design event of Am = 0.3g, the
theoretical slope movement may exceed a foot. At the maximum USGS levels of over
0.5g, the theoretical slope movements would be many feet. All of these calculations and
estimates are considered very approximate since the behavior of large landslide masses
during seismic events is not well understood. It was noteworthy that the July 1999
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seismic event appeared to have caused slope movements consistent with the theoretical
calculations as discusses in Section 2.2.

The slide remediation design could be based on eliminating large theoretical slope
movements during the USGS site design and maximum levels of shaking. However,

. this would have a very significant impact on the cost of the work and the construction

impacts to the public. It would require much large toe buttresses and/or much larger
walls. For purposes of this report it was assumed that the risk of seismically induced
slope movements are acceptable to WSDOT and not cost effective to remediate. Thus
the seismic criteria should not control the design. This approach is believed to be
consistent with WSDOT's normal practices for roadways.

The saturated granular soils in the slide mass are loose and prone to liquefaction.
However, based on minimum depth of saturation of the granular soils and the extent of
fine grain soils in the slide plane, liquefaction does not represent a significant risk to the
overall slide mass. Thus liquefaction mitigation was not part of the remediation
objectives.

73 Seismic Risks US 101 Embankment

As discussed in Section 4.1 and 5.3, 20 to 40 feet (6.1 to 12.2 m) of loose granular soils
with N values in the range of 4 to 10 b/ft underlie US 101 for about 400 feet (121.9 m)
from the central area to within about 150 feet (45.7 m) of the northern end of the slide.
Although the groundwater table appears relatively deep, there is likely to be 10 to 20
feet (3.05 to 6.1 m) of saturated loose granular soils underlying portions of the US 101
roadway. Liquefaction analyses imply that these soils have a moderate risk of
liquefaction for major events located far away from the site (Am=0.15g). However the
design event (Am=.3g) would have a high risk of liquefaction. The likely consequence
of liquefaction would be a general slumping and settlement of the roadway and any
buttress placed on the roadway. Even without liquefaction, the US 101 roadway areas
underlain by loose soils have a static FS only marginally above 1.0 and not equal to the
1.25 objective of WSDOT. Calculations indicate that a strong seismic event would result
in slope movements possibly in excess of several feet for these areas.

Mitigation of these seismic risks would involve a major ground improvement program
in areas of US 101 underlain by loose soils. This would be a costly program and have a

-significant impact on construction traffic which may require extended road closures. It is

understood that WSDOT has not had stability problems associated with the roadway
embankment through this area even with the current upslope landslide activity. In
addition, there are likely many areas with similar conditions along other areas of US 101
north and south of the MP 322 landslide. For the purposes of this report is was assumed
that the objective of the landslide remediation work related to the loose soils under the
US 101 roadway is to not increase the current seismic and liquefaction risks. Ground
improvement would only be required if the proposed remediation work would
significantly increase the seismic risks. '
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8. STABILIZATION OPTION EVALUATION

8.1 Available Stabilization Elements

The main difficulties with stabilizing the MP 322 slide (compared to the MP 326 slide) is
related to the fact that the groundwater table occurs at or just above the failure plane.
With a desired calculated static FS on the order of 1.25, the analyses indicate that
drainage alone will not meet the design criteria. Thus the stabilization options need to
include more than just drainage improvement.

The available options are composed of one or more of the following elements:

o RELOCATE THE ROAD: We have assumed that this is not a feasible option.

o COMPLETION OF EMERGENCY WORK: This work was discussed in Section
6.3 and has been successfully completed. '

o ADDITIONAL HORIZONTAL DRAINS MAIN SLIDE AREA: This would involve
installation of additional horizontal drains to supplement the emergency drains
in selected areas.

e HORIZONAL DRAINS BELOW US 101: Lowering the groundwater levels in the
loose soils underlying portions of the US 101 roadway will improve stability and
reduce liquefaction risks.

e DRAINING UNDERGROUND RESERVOIR: This would involve draining the
underground "reservoir” with wells or horizontal drains which are tight lined
through the landslide itself. Horizontal drains pose the risk that water could be
discharged water directly into the headscarp area if slide movement rupture the
drains due to future extreme rain events and/or earthquakes.

e EXCAVATE LANDSLIDE MATERIAL: Portions of the landslide could be
excavated to reduce the average slope and improve stability. Although this is
considered theoretically viable, there is a risk that any significant excavations
could destabilize areas of the slope further upslope from the excavated areas.

o TOE BUTTRESS: A toe buttress could be placed by raising the roadway or
placing fill to the west of the roadway.

e STRUCTURAL WALLS: Structural stabilization would involve a deep solder pile
tieback wall. The wall would develop both lateral and vertical support from
below the slide plane within the intact soils. Consideration was given to a
micopile wall but it was eonsidered less efficient and more costly due to the
specific geometry and requirements at this site.

e DEBRIS WALL/CATCHMENT AREAS: This would involve debris walls,
embankments, and/or catchment areas to reduce risk that debris impacts traffic.
This options will reduce risks but will likely require long term maintenance to
clean out debris.

e GROUND IMPROVEMENT: This could include deep soils mixing, stone
columns, or other methods and would mainly apply to the areas of US 101
underlain by loose soils as discussed in Section 4.1.
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8.2 Stability Analyses for Stabilization Elements

The general theoretical impacts of the various stabilization elements were evaluated
using both XSTABL and simple parametric spreadsheet wedge analyses. In general,
these analyses indicated:

DRAINAGE: If feasible, lowering the seepage pressures within the landslide
mass with drainage is almost always the most cost effective way to improve
stability. However, it is unlikely that the horizontal drains will be able to lower
the groundwater levels much below the top of the clay layers. In addition, since
the maximum groundwater levels were unlikely to have been much more than
10 to 20 feet (3.01 to 6.1 m) above the clays, even in early winter 1999 when the
slope failed, drainage by itself will not increase the calculated FS much above
1.05 to 1.15.

TOE BUTTRESS: In general, due to the shape of the failure plane and the
implied size of the critical initiation block, a fill toe buttress was very effective in
increasing the computed FS. Thus a toe buttress in the range of 20 to 30 feet 6.1
to 9.1 m) produces a significant increase in the computed FS (on the order of 20
to 30 percent).

EFFECTS OF LOOSE SOILS UNDER US 101: Stability calculations indicate thata
high MSE buttress placed too close to the edge of the current highway
embankment could result in embankment failure into Hood Canal in areas
where the roadway is underlain by loose soils. Based on the subsurface
information, the soils will behave as loose granular materials, not soft clays.
Stability analyses indicates that the current stability from the embankment down
to Hood Canal can be maintained if the MSE fill is off set at least 25 feet (7.6 m)
from the edge of the embankment.

DEEP WALL WITH FILL: By installing a deep solder pile tieback wall near the
toe of the current slope along the road, a wedge of fill can be placed behind the
wall. Thus the stability is increased by both the weight of the new fill and the
capacity of the deep wall to transmit lateral loads below the slide plane. Thus 20
to 30 foot (6.1 to 9.1 m) high walls with a wedge of fill placed behind the wall feet
had a significant increase in the computed FS (on the order of 20 to 30 percent)
with the wall being designed for only moderate loads above that required to
meet normal earthpressure criteria. Typical wall loads required were on the

order of 40 to 60 k/ft (178 to 876 kN/m).

WALL IN CUT: A wall could be placed upslope of the toe with the soil in front of
the wall excavated to allow lower tiebacks to be installed and to widen the
roadway section. This wall location would also minimize construction traffic due
to its distance from the current one lane detour route. The stability analysis
indicated that removal of soil had a significant destabilizing effect which
required relatively high design wall pressures well in excess of normal
earthpressures. Typical wall loads required were on the order of 60 to 120 k/ft
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(876 to 1780 kN/m) to meet an appropriate FS depending on the topography and
depth of cut. These are high loads since a normal 25 foot (7.6 m) wall would be
designed to resist earthpressure loads on the order of 25 k/If (370.8 kN/m).

e CREATION OF SHALLOWER SLIDES: In may areas, particularly in the southern
area of the landslide, the material overlying the initial failure plane in the winter
of 1999 is clay landslide debris as shown on Figure 15. This material can have a
strength as low as the actual failure plane. Thus placement of a wall or buttress
may stabilize the original slide but not increase the stability of a potential
shallower failure occurring within the overlying clay landslide debris. This
appeared to have occurred at the high point in the detour route where the
emergency buttress stabilized the original slide mass. However, in the fall of
1999, a shallower landslide developed that toed out at the top of the buttress. It
was necessary to raise the buttress an additional 6 feet (1.8 m) to stabilize the
shallow slide. Thus the final remediation walls or buttress must be designed to
address these shallower landslides.

8.3 Recommended Options

Based on discussions with WSDOT, constructibility and construction impacts to public,
long term reliability, and judgement two main options for remediation of the landslide
are recommended. These involve several common elements. All options are based ona
toe treatment which would consist of either a wall or a buttress fill. The intent of the toe
treatment is to increase the FS against failure of an initiation block by increasing the toe
resistance. In general the toe of the initial 1999 failure was at the elevation of the original
SR101 roadway except in the extreme southern section where the landslide toe was
above the roadway. As discussed in Section 5.2, shallow slides can occur within the
current landslide mass as observed when the roadway was raised in the detour area.
These shallower slide risks also need to be remediated.

The elements of the recommended options include:

o DRAINAGE (all options): We recommend the maximum benefit from drainage
be realized through additional horizontal drains and lowering the water in the
underground "reservoir". With an adequate off set from the buttress to the edge
of the US 101 embankment fill the current static and seismic stability of the
roadway underlain by loose soils will be maintained and ground modification is
not required as discussed in Section 8.2. However, since the costs and
construction impacts are minimal, it would be prudent to install horizontal
drains in the slope below US 101 to lower the groundwater table in the loose
soils. Pending the results of additional piezometer data to define the current
levels, these drains should be installed for all remediation plans.

J SUREACE REGRADING (all options): Along much of the landslide area, the
slope immediately above the roadway is steep and underlain by soils disturbed
' by the overall slope movement and the exposure to the elements. At the MP 326
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slide, a similar area was regraded to remove the very soft/loose near surface soils
and covered with rock fill. This is recommended in the steeper areas of MP 322.

o CATCHMENT AREA/DEBRIS WALL (all options): It is recommended that-
protection be provided to minimize impact of minor debris flows. This could
include a catchment area between the toe of the slope and the edge of the road
or a wall between the toe and the roadway. Surface regrading and rockfill will
reduce the need for a catchment.

e TOE BUTTRESS: This would involve raising US 101 with an MSE fill buttress. A
raise in grade on the order of 20 to 30 feet (6.1 to 9.1 m) will provide an adequate
stability improvement. '

e SOLDIER PILE TIEBACK WALL COMBINED WITH FILL: This would involve
installing a retaining wall 20 to 30 feet (6.1 to 9.1 m) high near or just above the
current toe of slope. If installed above the toe, a temporary excavated bench will
be required for installation of the wall. The wall will be backfilled to add weight
and act as a small buttress in combination with the wall. Due to concerns about
deeper weak zones in the clays below the current slide plane, the tiebacks
should extend into very hard intact glaciolacustrine clays or the underlying
dense granular units and not just below the current slide plane. Based on the
geometry of the wall and ground surface, a micropile wall does not seem
appropriate.

e EXTENSION SOUTH OF SLIDE AREA: As discussed in Section 3.3, there is
evidence that the landslide may "grow" further south based on observations of
recent ground cracks in the headscarp area extending south of the currently
active landslide along US 101. Thus it seems prudent to extend the slope
remediation work at least 200 feet (61 m) south of the current southern extreme
of the mapped slide above US 101.
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9. REMEDIATION DESIGN CRITERIA

9.1 General

This section presents specific geotechnical design criteria for the stabilization of the
landslide. In essence the recommended remediation involves combination of drainage,
slope surface treatment, and a toe treatment consisting of a fill buttress and/or deep
soldier pile tieback retaining wall. The design criteria are intended to be flexible since
the optimum design configuration selected by WSDOT must consider numerous
constraints beyond the scope of this study. This includes the current slope and roadway
grades, constructibility related to minimizing impacts on traffic, the final desired
roadway alignment and grades, and costs. The general intent of the proposed
stabilization work is to provide a calculated static factor of safety of at least 1.25 based on
a conservative assumption about the long term effectiveness of drainage provisions. As
discussed in Section 7, the proposed remediation is not intended to eliminate possible
seismically induced slope movements during major design earthquake events.

Sections 9.2 through 9.6 provide general design criteria while Section 9.7 addresses
design issues along specific sections of the roadway. Once WSDOT has finalized the
selected options and developed current cross-sections, a series of stability analyses
should be performed at each major change in geometry and/or remediation option. The
results of the section specific analyses would be used to finalize the required size of the
buttress, loads and \heights of wall, and fill reinforcement requirements.

9.2 Drainage Main Slide Area

9.2.1 General

The general intent of the horizontal drains is to lower the groundwater table as low as
possible within the landslide mass to reduce seepage pressures and increase stability.

" As discussed in Section 2.4, WSDOT has already installed a significant number of drains.

Golder was generally not involved with the design or installation of these drains. In
addition, accurate as-built information including elevations, orientations and
inclinations have not been provided to Golder. This Section provides recommended
drain locations and inclinations for the entire landslide as if no emergency drains had
been installed. The assumption is that WSDOT will compare these recommendations
with the as built drains and add selective new drains as deemed appropriate. It is likely
that only a limited number of additional drains will be required due to the large number
of existing drains.

The recommended ideal drain design involves installation of closely spaced short
horizontal drains installed just above the exposed toe of the landslide and inclined

- upward to approximately follow the top of the slide plane. Since these drains will be in
- the lower permeability glaciolacustrine soils, an upper set of longer drains are also

recommended which would be placed in the granular landslide debris soils overlying

- the glaciolacustrine unit and extend upslope to the back of the slide.
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Figure 19 shows the general plan layout of the idealized drains while Figure 20 shows
an idealized section. '

9.2.2 Horizontal Drain Design criteria

The general design criteria for the short, lower drains include:

e SPACING: The intent is to cover the landslide area with drains at about a
maximum spacing of 25 feet (7.6 m).

o LENGTH: The intentis to install the drains into the glaciolacustrine soils above
the slide plane in the inferred initiation block. The drain length should be about
150 feet (45.7 m).

e DIAMETER: Minimum inside diameter 1.5 inches (3.8 cm).

¢ LOCATIONS: The intentis to install the drains at about the location where the
landslide plane "daylights" on the slope. For constructibility reasons, the drains
may have to penetrate the ground at locations other than those implied on Figure
19 particularly in the existing detour buttress area where the toe of the original
slide is buried.

e INCLINATIONS: The intent is to have the drains located just above the slide
plane.

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. Special geometries
may be required in the area of the existing detour buttress.

The upper drains should be located near the base of the granular landslide debris and
just above the top of the glaciolacustrine slide unit. The maximum spacing of these
drains should be 40 feet (12.2 m) and extend back to the estimated western end of the
landslide plane as shown on Figure 19. Thus the drain lengths will range from 200 (61
m) to almost 400 feet (121.9 m).

9.23 Draining "Reservoir” Area

It is recommended that the groundwater levels in the underground "reservoir" be
controlled by pumping and/or horizontal drains. The on-going pump test has shown
that wells can be used to effectively lower the groundwater levels as was discussed in
Section 4.4.

Two approaches to draining of the “Reservoir” area are feasible; 1) an active system that
will require pumping from installed wells, (essentially an expanded version of the
pump test well) and 2) a passive system of gravity drains.
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The on going pumping in the test well (GA-15) has shown that the groundwater is being
lowered in the vicinity of the spillway and that the local groundwater gradient has been
reversed, away from the spillway and toward GA-15. Therefore, we recommend that
the existing well (GA-15) be maintained as a means of limiting groundwater inflow into
the landslide mass when action levels in G-3 are reached.

The active pumping system could be set up with a permanently installed pump that is
turned on manually or triggered by float switches that are activated when the
groundwater level in the reservoir reaches a predetermined elevation. Alternatively,
the well could be installed without a dedicated pump and the groundwater levels
monitored in GA-3 during the winter rain season. When groundwater levels reach a
predetermined action level, the pump is installed and active dewatering begun.
Discharge from the pumping well should be directed down slope in a suitable tight line
pipe to be discharged into the surface water drainage system along US 101. We
recommend that a sounding tube be installed adjacent to the pump/riser assembly to
allow sounding of the well bottom in order to monitor sediment buildup in the sump
portion of the well. When sediment build up becomes excessive (i.e. approaching the
pump intake level), the pump should be removed and the sump cleaned by bailing or
airlift techniques. Annual maintenance and testing of the system will be essential prior
to the onset of the rainy season.

Alternatively, horizontal drains could be installed to penetrate through the "spillway"
and tap into the permeable soils in the "reservoir” area. These drains should include a
perforated section installed within the "reservoir" with a tight lightlined section through
the spillway and landslide mass itself. The intent of the tightline section is to avoid
infiltrating the drainage into the landslide material. Figure 19 shows the approximate
location of these drains. A drawback to this approach is there is a risk that future
landslide movement could rupture these drains resulting in direct discharge of the
reservoir groundwater into the headscarp area of the landslide. WSDOT will need to
evaluate this approach to determine whether this risk is acceptable.

9.2.4 Horizontal Drains in US 101 Embankment

If a buttress fill is used in areas underlain by loose soils as discussed in Section 5.3 and
8.3, we recommend installation of horizontal drains through the bottom of the existing
roadway embankment to improve stability and reduce seismic risks. Additional
information about the soil conditions and groundwater levels below the roadway in
these areas is required to assess the need for and design of these drains.

Based on the current limited data, the drain spacing would be on the order of 40 feet
(12.2 m), installed ‘near the toe of the slope just above sea level with lengths of about 75
feet (22.9 m).
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9.2.5 Construction Monitoring and Field Modifications

The drain installation should include the following procedures:

e At50-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.

o The discharge rates from each drain should be monitored after installation and
periodically after. '

¢ 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.

e After installation, the 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 are
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 adjustments, the effectiveness of the

_enﬁre remediation work will be compromised.

9.2.6 Long Term Drain Performance and Maintenance

Horizontal drains require long term monitoring, periodic 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 brakes the pipe, and/or other effects.
Regardless of the reasons, the drain installation must be considered a permanent
requirement that forms an essential part of the overall remediation work. Withouta
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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. Itis 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 10 presents recommendations for long term monitoring which should include
sensors to assess the effectiveness of the drains.

9.3 Surface Regrading

This work will involve minor regrading in selected areas on the site to facilitate drainage
and eliminate any significant surficially unstable areas. In general, we believe that 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. This earthwork can likely
be completed with simple regrading without the need to import or export
material.

e 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 erosijon, 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.

At MP 326, there was about a 150-foot (45.7 m) wide section above the roadway that
appeared to be over-steepened, underlain by loose landslide debris, and was considered
unstable. This area was regraded and covered by rockfill to stabilize the shallow slope
conditions. We recommend that much of the steep areas along and above the current
roadway at MP 322 also be treated in this manner. This would include removing loose
unstable soils, flattening localized oversteepened areas to the extent practical, and
covering with rockfill. The extent of the treatment depends on the toe treatment option
selected (wall or buttress fill) and the actual field conditions at the time of construction.

In addition to the regrading discussed above, areas where steep slopes occur in the toe
area underlain by clay should be regraded with fill to form a flatter slope and remediate
the risk of a shallow slide occurring in the clay. In general with either structural walls or
an MSE buttress, it should be possible to place rockfill over the clay slopes to form a
moderate 2H:1V to 3H:1V slope.

e
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9.4 Toe Buttress

The general intent is for the buttress to provide a fill buttress that extends about 20 to 30
feet (6.1 to 9.1 m) above the toe of the landslide with a width equal to at least 1.5 times
the height of the buttress. Itis assumed that the outside face will be an MSE wall. An
MSE wall is preferred due to cost and wall flexibility. An MSE fill/wall system maintains
its integrity even if subjected to large movements (such as possible associated with
seismic events). The MSE reinforcement also provides overall slope reinforcement in
areas where US 101 is underlain by loose soils.

Specific wall heights and geometric constraints are included in Section 9.7. Once the
final geometry is developed at each section, a stability and MSE wall analysis should be
performed to determine the fill reinforcement requirements. To maintain the stability of
the overall US 101 embankment where it is underlain by loose soils, the reinforcement
may have to be longer and/or stronger than needed for a normal MSE wall.

Section 9.5.3 discusses solder pile-tieback wall ductility related to theoretical slope
movements associated with major seismic events. With respect to ductility, an MSE
buttress option is superior to the solder pile wall since MSE fills are considered very
ductile and capable of experiencing significant movement and distortion without losing
overall integrity.

9.5 Soldier Pile Wall

9.5.1 Soldier Pile At Edge of Roadway With Backfill

This would involve a soldier pile wall placed essentially at the toe of the current slope
above US 101. This configuration allows for the benefit of additional fill to be placed
behind the wall. In addition, the lowest tieback can be installed essentially at the toe of
the slide resulting in a wall that develops virtually all of its lateral restraint from tieback
anchors. This minimizes the moments in the wall below the lowest tieback which is

~ important in minimizing the soldier pile section in areas where the roadway is

underlain by loose soils.

The wall should be designed to meet normal earthpressure criteria to support the

backfill behind the wall and to transfer the required additional lateral resistance below
the slide plane. For walls in the range of 20 to 30 feet (6.1 to 9.1 m) high, the slope
stability calculations indicate that the required load transfer is always greater than the
loads based on normal earthpressures. In general, the load transfer forces specified in
Section 7 range from 40 to 80 kips/If (108.5 kN/m). Although there is no specific pressure
distribution associated with this load, we recommend that the load be distributed as a
normal apparent earthpressure distribution on the wall. Table 7 presents the applied
earthpressures related to various slope geometries and transfer loads.
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The tieback anchors should be installed at about 20 to 30 degrees to the horizontal.
Flatter angles will provide more horizontal resistance and less vertical load imposed on
the solder piles. However a steeper angle will reduce the distance to the anchor zone.
The anchor zone must extend below both the current slide plane and any weak or
disturbed zones in the underlying soils. Section 9.7 provides criteria for this geometry at
specific locations. The tiebacks will be permanent and must be provided with full
double corrosion protection. The allowable design anchor adhesion depends on the
installation methods and the results of field proof and production testing. Before
ordering the anchors, we recommend that an anchor test program be completed to
establish the design adhesions and required anchor lengths. Itis essential that the test
program use the same installation equipment that will be used for the production
anchors. For preliminary design, an allowable adhesion of 1,500 psf (75 kPa) can be
assumed for normal, non-pressure grouted gravity anchors. With pressure groutmg,
allowable adhesions two to three times this can likely be achieved. Based on
preliminary calculations assuming reasonable pile and tieback spacings of 5 to 6 feet (1.5
to 1.8 m), anchor lengths on the order of 20 to 30 feet (6.1 to 9.1 m) should develop the
required capacities. The final lock off tieback loads should be based on 100 percent of
the normal earthpressure loads as shown on Table 7, not the full computed transfer
loads.

The tieback loads will impose a significant vertical compression load on the soldier piles.
For design purposes, the piles can be designed to develop 24 ksf (1149 kPa) end bearing
and 1.5 ksf (71.8 kPa) adhesion in the dense/hard intact soils below the slide plane and
any loose soils below US 101. Itis conservatively recommended that resistance to the
composed vertical loads due to adhesion in the fill above the roadway and any loose
soils below the roadway be ignored. Regardless of the calculations, the soldier piles
should extend at least 5 feet (1.5 m) into dense/hard intact soils. Based on preliminary
calculations assuming reasonable pile spacings, solder pile penetrations on the order of
10 to 20 feet (3.1 to 6.1 m) should be adequate.

Since the piles will be installed with the backfill placed afterwards, normal pile spacing
which considers soil stand up conditions do not apply. Thus the spacing should be
based on the required tieback loads and spacing and the stresses on the final facing,
The final facing could consist of treated wood lagging, concrete lagging, cast in place
concrete structurally tied to the solder piles, and/or other designs. Since the slope may
be subjected to long term creep, it may be unconservative to design the wall for reduced
pressures assuming soil arching between the tiebacks. Thus we recommend that the
permanent wall/lagging be designed for the full design wall pressures.

Normal WSDOT design standards for permanent wall drainage and construction
anchor testing should be implemented.

9.5.2 Cut Walls Placed West/Above Roadway

In some areas, it may be an advantage to place the solder pile wall west and above the
roadway level. This has the advantage of movmg the wall further away from existing
traffic and may facilitate construction sequencing and reduce construction impacts to
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the public. However, due to the removal of soil at the toe of the slide, there is a
significant increase in the required wall transfer load to meet the stability requirements.
Thus at a section requiring a transfer load of about 40 k/If (54.3 kN/m) new fill added
behind the wall will increase transfer load to as much as 80 K/1f (108.5 kN/m) if the wall
is moved to the west and soil is removed in front of the wall instead of being added
behind the wall. Although not addressed specifically in this report, it would be possible
to install a cut wall and then place fill in front of the wall to reduce the required wall
loads. :

In general, the recommendations presented in Section 9.7.2 apply to this section.

9.5.3 Ductility

Calculations indicate that a major design seismic event (producing maximum
accelerations over 0.3 g) may induce slope movements in excess of several feet. The
calculated wall forces necessary to provide a yield acceleration (Ay) high enough to
minimize theoretical movements to less than a few inches becomes excessive as the Am
rises much above 0.15g. Thus the wall would have to be designed for lateral loads in
excess of 100 to 200 kK/If (135.6 to 271.3 kN/m) to meet the theoretical criteria for very
large events. In our opinion this is not appropriate to protect a roadway and may not be
required due to the large uncertainties associated with these types of seismically
induced slope movements. However, to the extent feasible, some ductility should be
built into the wall. As a minimum, this should include reducing the tieback lock off
loads from the design load to the load required to meet normal earthpressure forces.
These will normally be 1/4-1/2 of the full design loads to meet the slide transfer load

criteria.

Consideration should also be given to using mild steel bars for the tiebacks. Normal
design and construction practices would use high strength steel strands for the tiebacks.
However high strength steel exhibits brittle behavior resulting in relatively low strains
to rupture the strands. Mild steel has a much more ductile stress-strain behavior which
would tolerate considerably more wall movement before failing. Walls constructed of
mild steel bars would be more costly and may not be warranted considering the small
risk of a design seismic event. WSDOT will need to consider the costs and risk
reduction in making a decision.

9.6 Catchment Area/Debris Wall

Depending on the final wall geometry and slope treatment, there may still be a risk that
small debris flows could occur that might impact the roadway. Providing a catchment
area and/or catchment wall between the toe of the slope and the roadway can mitigate
this risk. The main disadvantage is that maintenance will be required to remove
material that collects in the catchment areas. Catchment walls can be readily formed by

" installing soldier piles that extend above the final ground surface behind the wall.

Catchment areas can be formed by placing the roadway as far to the east as possible and
by providing a catchment ditch between the toe of the slope (or wall) and the edge of
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the roadway. The catchment area could be graded to serve as a wide catchment ditch or
a small wall could be placed to provide catchment volume. The wall could be
inexpensive barriers or a short gravity wall.

| If the full slope rockfill treatment as recommended in Section 9.3 is implemented, a
‘catchment wall/ditch will likely not be required.

9.7 Design At Specific Sections

9.7.1 Southern Area With Slide Toe Above Roadway

In about the southern 200 feet (61 m) of the landslide, the toe of the active slide is
located 10 (3.1 m) to as much as 30 feet (9.1 m) above the roadway. Section A-A'shown
on Figure 7 is typical of this area with the mapped toe of the active slide occurring about
20 feet (6.1 m) above the roadway. Calculations indicate that a 20 foot (6.1 m) high toe
buttress above the toe of the slide is required at Section A-A'. Thus a toe buttress placed
at the roadway would have to be about 40 feet (12.2 m) high. Accordingly, two other
options are proposed: -

¢ SOLDER PILE FILL WALL: This would involve placing a soldier pile tieback wallon
a construction bench located near the toe of the active landslide. After the piles have
been installed, the area behind the wall would be backfilled as the tiebacks are
installed to provide stabilization weight. The wall should be designed for a transfer
load of 40 K/1f (54.3 kN/m) through this area assuming a wall height of about 20 feet
(6.1 m). Figure 21 shows the general geometry of the wall and backfill.

e CATCHMENT AREA: Another option would be to place the roadway on an
embankment fill to create a large catchment area as shown on Figure 22. Thus even
if the slide continues to fail, it will likely not impact the roadway. However the
catchment area will require maintenance to remove debris and maintain the
required catchment volume. This option may be cost effective if the area to the
north is stabilized with a large buttress, which-would result in a raising of the

. roadway in this area to match the buttress grades to the north. Since the current
roadway grades are rising to the south of the slide anyway, the catchment fill
embankment may be cost effective.

9.7.2 Detour Fill Area

* The current buttress fill in the southern, high area of the detour consists of new fill

underlain by buried recent slide debris as depicted on Section G'G' on Figure 13. The
current ground configuration at G-G' is only an approximation as we were never

- . provided with an as-built section. The current geometry complicates the remediation

particularly as related to maintaining traffic during construction.
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Stability calculations indicate that a 30 foot (9.1 m) buttress (with a width averaging at
least 1.5 times the height) above the original toe of slide is required. A soldier pile wall
with fill placed behind the wall will require a transfer load of about 75 k/lf (101.7 kIN/m).
If a cut wall is installed to allow removal of the existing buttress fill (which includes
loose slide debris) to re-establish the original roadway grades, the required transfer
loads are significantly increased to 125 to 150 k/If (169.6 to 203.5 KIN/m). These design
loads could be decreased if the excavation is done in the summer just to remove the old

landslide debris with compacted fill replaced to add buttress fill weight.

Based on the current conditions and our assessment of maintaining at least one lane of
traffic during construction, the following options are proposed:

e SOLDER PILE WALL ABOVE ROADWAY, NO EXCAVATION: This would involve
installing a solder pile tieback wall just upslope of the current edge of the detour
route as shown on Figure 23. The wall should extend 20 feet (6.1 m) above the
current ground surface and be designed for a transfer load of 75 K/If (101.7 kN/m).
The tiebacks and solder piles must extend through the active slide debris as depicted
on Figure 23. Once the wallis installed, the existing roadway bench could be
widened by placing an MSE fill out over the existing edge of the embankment. If
this is required, the stability of the existing embankment fill must be evaluated since
the area is underlain by loose landslide debris from the 1999 failure.

e SOLDER PILE WALL ABOVE ROADWAY, PARTIAL EXCAVATION AND
BACKFILL: This would be similar to the above option but would involve partial
excavation of the existing roadway fill to widen the roadway section and allow
removal of some of the loose underlying landslide debris. The design loads on the
wall would be on the order of 125 to 150 K/If (169.6 to 203.5 kIN/m) depending on the
depth of the required excavation, the final roadway elevation, and the time of year
the temporary cuts were made. Figure 24 shows this option.

e MASSIVE FILL BUTTRESS RETAINED WITH COMPOSITE MSE/SOIL NAILS: This
option would involve placing a large 30 foot (9.1 m) high buttress with an MSE wall
which would encapsulate the current fills as shown on Figure 25. The MSE wall
would be a composite wall with some soil nails tied to soil reinforcement in the base
of the fill with soil reinforcement only near the top.

9.7.3 Area North Of Detour Fill Underlain By Loose Soils

About a 400-foot (121.9 m) section of US 101 north of the detour buttress is underlain by
20 to 40 feet (6.1 to 12.2 m) of loose soils. Section B-B' on Figure 8 is typical of this area.
Two options are proposed for this area: '

e BUTTRESS FILL: Figure 26 shows the general design for an MSE fill at Section B-
B'. The fill should extend 25 feet (7.6 m) above the toe of the slide and be at least
37.5 feet (11.4 m) wide. To maintain at least the current stability of the US 101

- embankment, the face of the MSE wall should be located at least 30 feet (9.1 m)
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from the top of the slope. Depending on the width of the bench along US 101,
some temporary cutting may be required into the toe of the slope above the
roadway to fit the required MSE fill width. Alternatively, the wall could be raised
to 30 feet (9.1 m) and reduced in width to 32 feet (9.8 m). Once the design
configuration is determined, slope stability analyses should be used to assess the
requirements for the MSE fill reinforcement. To maintain the stability of the
embankment, the soil reinforcing elements may have to be longer and stronger
than required for a simple MSE f{ill. We also recommend that horizontal drains
be installed near the toe of the US 101 embankment to lower the seepage
pressures in the loose embankment soils pending additional subsurface data.

e SOLDERPILE WALL: Figure 27 shows a solder pile tieback wall at about the toe
- of the existing slide. The wall should be at least 20 feet high and develop a
transfer load of 50 k/If 67.8 kIN/m) combined with a sloping fill behind the wall.
The tiebacks and soldier piles must extend into the intact soils below the slide
debris and loose soils below the roadway.

Due to the uncertainties in the lateral limits, depths, and groundwater levels of the loose
soils under US 101, we recommend additional borings along this section of US 101. This
information is needed to design and install the solder piles and tiebacks and assess the
need for horizontal drains if a buttress is used. The number, location, and need for
piezometers depends on whether a buttress or solder pile wall is planned.

9.7.4 Area North Of Detour Fill Underlain By Competent Soils

US 101 along about the northern 100 to 200 feet (30.5 to 61.0 m) of the landslide is
underlain by dense soils. Thus either a buttress fill or solder pile wall would be feasible.
Due to the moderation in the topography, the required buttress height can decrease
from 25 feet 7.6 m) at the southern limit to 15 feet (4.6 m) at the northern limit. The
soldier pile wall height should be 25 feet (7.6 m) but the transfer load can decrease from
50 K/1f (67.8 kIN/m) at the southern end to 25 kips (33.9 kN/m) at the northern end.

9.7.5 Area South Of The Current Active Landslide
As discussed in Section 8.3, it is recommended that toe stabilization work is
implemented south of the current active landslide area. This would involve extending

the stabilization work as outlined in Section 9. 7 1 some 200 feet (61 m) south of the
current landslide.
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10. INSTRUMENTATION AND REMOTE DATA ACCESS SYSTEM

10.1 Long term Monitoring Program

To properly assess the effectiveness of the drains and to monitor the long term slope
stability conditions, an effective monitoring program must be put in place and
monitored indefinitely. Golder has installed an automated, remote telemetry
monitoring system to facilitate gathering data and reduce the reaction time when action
levels are exceeded. Some additional sensors should be added to this system of full
time monitoring. In addition, other monitoring should be done periodically.

The monitoring program should include:

e ADDITIONAL PIEZOMETERS: Additional piezometers may be required
depending on the drainage design of the upslope reservoir and the need to
assess horizontal drains in loose areas of the US 101 embankment. Some of
these piezometers should be linked to the remote monitoring system.

e SURFACE SURVEY POINTS AND OBSERVATIONS: This involves
establishing surface monitoring points at key locations on the slide. These can
be surveyed yearly and/or after other data implies slope movements. In
addition, the general slide area should be inspected yearly for any evidence of
movement. No part of this survey needs to be in the remote monitoring
system.

e WALL AND BUTTRESS: In areas where a solder pile wall has been installed,
the top of the walls should be monitored for any evidence of movement. The
toe buttress should also be monitored for movement. In addition,
inclinometers should be installed in selected solder piles to monitor the
movement with depth. Consideration should also be given to placing load
cells on selected tiebacks to monitor the long term loads on the anchors and
assess if there is a build up in load due to landslide creep. This data will also
be valuable to assess wall integrity should a major seismic event cause
wall/landslide movement. No part of this instrumentation is in the remote
monitoring system.

¢ PIEZOMETER DATA: All of the piezometers should be monitored periodically
with the data evaluated to assess drain effectiveness. As a minimum the
piezometers should be read three times a year for the first five years with
additional data obtained if unusual precipitation events occur, the remote data
implies significant changes and/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, and once in late February or early March.
The automated, remote telemetry monitoring system will provide data
throughout the year. After five years, the frequency of readings and the
number of piezometers read should be re evaluated.
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INCLINOMETER DATA: At least four inclinometers should be included in the
remote monitoring system. For the first five years, all of the other
inclinometers should be read yearly with additional readings taken in the
vicinity of any suspected movements. In addition, if the remote data or other
information implies that the slope is moving, inclinometers located within
suspected areas should be read as soon as practical. The automated, remote
telemetry monitoring system will provide data throughout the year. After five
years, the frequency of readings and the number of inclinometers read should
be re-evaluated. :

HORIZONTAL DRAIN DISCHARGE RATES: A few selected drains should be
connected to the automated, remote telemetry monitoring system to provide
data throughout the year. In addition, for the initial two years the discharge
rates from each drain should be measured twice a year. This would include
once in late November or early December and once in late February or early
March. These data will be used to develop an understanding of the pattern of
the flow rates and assist in determining if drains are becoming clogged in the
future. After this initial 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 individual drain only measured if a problem is indicated. If the
measurements of specific drains are automated, data will be obtained

- throughout the year. Although the cumulative rates are important, a decrease

in 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.

DATA EVALUATION: An all too common problem with long term monitoring
programs is that the data are collected but not evaluated in a timely manner.
WSDOT should develop a protocol for the timely review and evaluation of the
data.
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11. USE OF 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 engineering 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. We recommend that a contingency for unanticipated conditions be included in
the construction schedule and budget. In addition, Golder relied on data provided by
WSDOT which included borings logs for several of the borings and information on
horizontal drain installations.

Itis anticipated that WSDOT will develop a design for the landslide remediation based -
on the general criteria presented in this report. Golder should have the opportunity to
review geotechnical aspects of the final design.
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TABLE 1
SUMMARY OF EXPLORATORY BOREHOLES
Ground |
Surface Depth to Bottom Elevation of Bottom| Piezometer Sand Pack Piezometer Sand Pack
Borehole Number . of Hole (feet | Depth Range (feet Elevation Range Comments
Elevation (feet] of Hole (feet bgs) MSL b feet MSL
MsL) ) 85) (feet MSL)
GA-1 145.0 86.2 . 58.8 66 to 86.2 79 to 58.8 Poor Boy Inclinometer
GA-1A 145.0 25.8 119.2 510 25.8 140 to 119.2
GA-1B 145.0 85.0 60.0 NA NA Inclinometer
GA2 9.3 615 368 17to 615 81310 36.5 Poor Boy Inclinometer, PVC closed off at about 15 feet
bgs (11/12/99)
GA-3 289.1 235.0 54.1 NA NA Inclinometer, Adjacent to H-1-99
(WSDGO’_‘ES}?_ vy | 1 2350 541 2010220 2691 t0.69.1 Piezometer borehole logged and installed by WSDOT
GA-4 175.0 127.5 475 NA NA Inclinometer
GA-1A 175.0 107.6 67.4 52.5 t0 106.5 122.5to 68.5
GA-5 126.9 100.3 26.7 NA NA Inclinometer
GA-5A 126.5 46.9 79.6 21.5t047 105.4 to 79.9
GA-6 191.4 116.5 749 NA NA Inclinometer
GA-6A 1914 65.0 126.4 50 to 65 141.4 to 126.4
GA-7 106.1 85.8 203 NA NA Inclinometer
GA-7A 106.1 47.0 59.1 31 to 47 75.1 10 59.1
GA-8 290.9 207.5 834 NA NA Inclinometer
GA-8A 290.9 155.0 135.9 99 to 134.5 191.1 to 155.6
GA-9 287.6 211.5 76.1 NA NA Inclinometer
GA-SA 287.6 170.0 117.6 123 to 170 164.6 to 117.6
N : Inclinometer, PVC closed off at about 25 feet bgs
GA-10 137.3 70.4 66.9 NA NA (11/12/99)
GA-10A 137.3 37.0 100.3 18 to 37 119.3 to 100.3 PVC closed off at about 25 feet bgs (11/12/99)
GA-11 122.0 704 516 58t0704 64 to 51.6 PVC closed off at about 20 feet bgs (11/12/99)
GA-11A _122.0 45.0 77.0 33 to45 89t0 77 PVC closed off at about 20 feet bgs (11/12/99)
GA-12 118.0 76.1 419 60.5 t0 76.1 57.5t041.9 Surface monument damaged by debris flows in area.
GA-12A 118.0 49.0 69.0 25 to49 93 to 69 Surface monument damaged by debris flows in area.
GA-13 232.0 142.5 89.5 85 to 128 147 to 104
GA-14 67.3 61.5 5.8 2510 39.5 42.3 t0 27.8 Outboard edge of re-route
GA-15 315.0 297.0 18.0 (screen) 184.8 to 206.8 (screen) 130.2 to 108.2 Pump Test Well
WSDOT H-1R-99 52.0 59.5 -7.5 NF NF Located on US 101, No Installations
WSDOT H-2R-99 49.0 60.5 -11.5 NF NF Located on US 101, No Installations
WSDOT TH-1-99 45.0 70.0 -25.0 8 to 50 37 to -5 Located on US 101
WSDOT TH-2-99 40.0 70.0 -30.0 NF NF Located on US 101, No Installations
WSDOT TH-3-99 35.0 69.5 -34.5 58 to 68 -23 to -33 Located on US 101
Notes: MSL = Mean Sea Level

bgs = Below Ground Surface
NF = Not Found
NA = Not Applicable

993-1466
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February 8, 2000 993-1466

TABLE2

SUMMARY OF WATER LEVELS (elev, In feet)

Date
28 | @ w 2 e € 2 s g s g = 8
HHHHEHEHHEEHE I R I R
D 73| ¢ g g | € g | ¥ g€ | § | 8| € € % 5 §
% GA-1 | 672 | 659 | 7042 | 7178 | 71.96 | 7251 | 7272 | 7007 | 7022 | /A | 1WA | A | NA | 958 | NA | NA | NA | NA | NA | esa | es7 NA | e84 | 687 NA
) GA-1A N/A 129.06 | 129.68 N/A 127.93 | 127.79 | 127.68 | 127.41 | 123.64 N/A N/A N/A N/A '119.7 N/A N/A N/A N/A N/A Dry N/A N/A 120.1 Dry N/A
-~ GA-2 64.95 65.38 654 64.33 64.25 64.12 63.95 63.69 629 N/A N/A NA N/A 60.95 N/A NA N/A N/A N/A 5785 572 N/A 57.54 5745 Damaged
P> GA-3A | NA | NA | NA | NA | NA | 1371 | 13688 | 13632 | 1622 | N/A | NA | NA | NA | NA | NA | NA [ 12074 NA | A | 1872 | 187 | NA NA | 1835 | NA
2 GA4A N/A N/A N/A N/A N/A N/A 11345 | 111.55 | 109.61 N/A N/A N/A N/A N/A N/A N/A 102.33 N/A N/A 100.51 NA N/A N/A 10042 N/A
D GASA | NA | NA | NA | NA | NA | NA | Na | 8279 | 815 | NA | NA | NA | NA | DRY | NA | NA | NA | NA | NA | Doy Dry N/A NA Dry NA
2_ GA-6A N/A 136.7 N/A N/A 134.87 | 13472 | 134.57 | 134.13 | 13274 N/A N/A N/A N/A N/A N/A N/A 129.1 N/A N/A 12795 | NA N/A N/A 127.81 N/A
o] GA-7A N/A 73.87 N/A 718 71.61 71.58 74.75 7132 7053 N/A N/A N/A N/A N/A N/A N/A 6822 N/A N/A 64.19 63.6 N/A N/A 63.44 N/A
e GASA | NA | NA | WA | NA | NA | DRY | DRY | DRY | DRY | N/A | WA | A | NA | NA | NA | NA | NA | NA | WA | Dy NA Dry N/A Dry N/A
3 GA9A | NA | NA | NA | NA | NA | nA | NA | Na | 1412 | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | 13621 | NA | 1362 | NA | 1603 | NA
GAI0A| NA | NA | NA | NA | WA | VA | WA | NA | A | 1120 | 1127 | NA | NA | 11235 N/A | NA | 11236 | 1121 | NA | N/A NA_ | 1117 | 11236 | 11244 |Damaged
GA11 | NA | NA | NA | NA | NA | NA | NA | NA | NA | N/A | NA | DRY | NA | DRY | N/A | NA | NA | DRY | NA | Dy 546 N/A NA | Damaged| N/A
GA1A| NA | NA | NA | NA | NA | NA | NA | NA | A | NA | NA | NA | 807 | NA | WA | NA | NA | 8ol | NA | 8014 | 806 NA NA | 8054 |Damaged
GA-12 | NA | NA | NA | NA | A | A | A | NA | NA L NA | NA | NA | NA | o488 | 5343 | NA | NUA | 4524 | NA | 435 NA NA | 1346 | w5 | Na
GA-12A | N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 76482 N/A N/A 75.82 N/A 757 757 N/A 75.91 7594 N/A
GA-13 | N/A NA N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A | 1301 N/A 128.72 N/A 127.87 127.7 N/A NA 127.74 N/A
GA-4 | NA | Na | Na | Na | A | A | A | A | NA | N/A | A | A | N | A | A | e | N | NA | a1as | sowr | 309 NA | sz | 3128 | N/A
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February 8, 2000 TABLE 3 993-1466
322 SLIDE
SLUG TEST RESULTS
: Water Level Hydraulic Hydraulic Hydraulic Hydraulic
WellID Screened Unit Sand Pack Test Type  [Solution Conductivity | Conductivity | Conductivity | Conductivity
{ftbgs) (tv's) (ft/day) (cm/s) (m/s)
GA-4
GLACIOLACUSTRINE 74.92 52 -107 ft bgs rising head  [Unconfined - Hvorslev 3.88E-08 5.59E-05 1.18E-06 1.18E-08
LANDSLIDE DEBRIS 55 ft (test1) Unconfined - Bouwer-Rice 221E-08 3.18E-05 6.73E-07 6.73E-09
laminated SILTY CLAY with
thin interbeds of fractured rising head  |Unconfined - Hvorslev 3.82E-08 5.50E-05 1.16E-06 1.16E-08
CLAY, fine sand (test 2) Unconfined - Bouwer-Rice 1.13E-08 1.63E-05 344E-07 3.44E-09
rising head  |[Unconfined - Hvorslev 3.54E-08 5.10E-05 1.08E-06 1.08E-08
(test 3) Unconfined - Bouwer-Rice 1.06E-08 1.53E-05 3.24E-07 3.24E-09
min 1.06E-08 1.53E-05 3.24E-07 3.24E-09
max 3.88E-08 5.59E-05 1.18E-06 1.18E-08
average 2.61E-08 3.76E-05 7.95E-07 7.95E-09
GA-7 GLACIOLACUSTRINE 41.33 31-47 ftbgs
LANDSLIDE DEBRIS 16 ft rising head [Unconfined - Hvorslev 1.74E-06 2.50E-03 5.29E-05 5.29E-07
SILTY CLAY with interbedded (test 1) Unconfined - Bouwer-Rice 2.89E-07 415E-04 8.79E-06 8.79E-08
silty sand Jenses
rising head  |Unconfined - Hvorslev 1.35E-06 1.95E-03 4.13E-05 4.13E-07|
(test2) Unconfined - Bouwer-Rice 3.798-07 5.45E-04 1.15E-05 1.15E-07,
rising head  |Unconfined - Hvorslev ) 1.69E-06 2.44E-03 5.16E-05 5.16E-07
(test 3) Unconfined - Bouwer-Rice 4.54E-07 6.53E-04 1.38E-05 1.38E-07|
min 2.89E-07 4.15E-04 8.79E-06 8.79E-08
max 1.74E-06 2.50E-03 5.29E-05 5.29E-07
average 9.84E-07 1.42E-03 3.00E-05 3.00E-07/
GA10 |GLACIOLACUSTRINE 76 1837 febgs
LANDSLIDE DEBRIS 191t rising head  |Unconfined - Hvorslev 3.76E-07 5.42E-04 1.15E-05 1.15E-07
laminated SILTY CLAY with (test 1) Unconfined - Bouwer-Rice 9.69E-08 1.40E-04 2.95E-06 2.95E-08
thin interbeds of fractured
CLAY, fine sand rising head  |Unconfined - Hvorslev 1.88E-07 2.71E-04 5.73E-06 5.73E-08
(test 2) Unconfined - Bouwer-Rice 4.64E-08 6.68E-05 141E06 1.41E-08|
rising head |Unconfined - Hvorslev 1.78E-07 2.57E-04 5.43E-06 5.43E-08
(test 3) Unconfined - Bouwer-Rice 4.42E-08 6.37E-05 1.35E-06 1.35E-08
min 4.42E-08 6.37E-05 1.35E-06 1.35E-08
max 3.76E-07 5.42E-04 1.15E-05 1.15E07|
average 1.55E-07 223E-04 4.72E-06 4.72E-08
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Note: The cummulative totals do not include flows from the "D" drains

February 8, 2000 993-1466
TABLE 4
SUMMARY OF HORIZONTAL DRAIN FLOWS
(Primary Drains installed by May 1, 1999)
FLOW RATES (GPM)
Drain # 6/4/99 | 6/7/99 6/9/99 | 6/11/99 | 6/15/99 | 7/1/99 | 8/30/99 | 9/22/99 | 11/1/99 | 11/10/99 | 11/18/99
{lA1-4,9-13 2.9 6.8 6.8 6.1 6.4 5.9 3.2 3.2 3.5 4.3 4
A5 338 | 225 27 22.5 22.5 19.3 13 13.3 12 10 12
A6 33.8 19.3 22.5 22.5- 22.5 16.9 20 24 20 24 20
A7 67.5 338 45 45 45 45 40 40 40 40 40
A8 27 19.3 22.5 22.5 19.3 79 1 0.7 Dry Dry 0.25
Total A 165 101.7 123.8 118.6 115.7 95 77.2 81.2 75.5 78.3 76.25
B1 Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
|IB2 025 | 0.24 0.28 0.25 0.23 0.1 0.2 0.1 0.1 0.1 0.1
B3 0.25 0.23 0.23 0.25 0.22 0.09 0.2 0.1 0.1 0.1 0.1
B4 1.5 1.5 1.6 1.4 14 1.05 0.5 0.4 0.3 0.3 0.5
{{B5 19 2 2 1.8 1.7 1.23 0.5 0.3 0.15 0.25 1
B6 4.5 4.2 47 4.4 4 3.8 2.2 1.9 14 1.25 1.4
B7 Drip Drip Drip Drip Drip { Drip Drip Dry Drip Drip Drip
B8 22.5 22.5 22.5 27 19.3 19.3 10 10 9.2 8.6 10
B9 5.6 6.1 5.9 5.9 4.7 3.3 2 1.7 17 1.75 2.5
B10 Dry Dry Dry Dry Dry Drip Dry Dry Dry Dry Dry
J|B11 Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Total B 36.5 36.77 37.21 41 31.55 28.87 15.6 14.5 12.95 12.35 15.6
C1-5 4 3.9 3.9 3.6 3.5 2.9 2 2.6 1.2 NF
Cé NA Drip Drip Drip | Drip | Trickle | Trickle | Trickle | Trickle NF
Total C 4 3.9 3.9 3.6 3.5 29 2.6 1.2 0
D1-14 NF NF NF NE NF 40 4.3 0.8
Total D NF NF NF NF NF 40 4.3 0.8
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February 8, 2000 993-1466

TABLE 5

SUMMARY OF HORIZONTAL DRAIN FLOWS
(Arrays E through N installed September through December 1999)

Flow Rates (GPM)

Drain # | 11/1/99 11/2/99 11/10/99 | 11/18/99
E1l 0.25 Dry
E2 0.25 1
E3 0.25 0.25
E4 0.25 0.25
E5 0.25 0.25
E6 0.25 Dry
F1 Flow 0.25 0.5
F2 Flow 0.25 0.5
F3 Dry 0.25 0.25
F4 Dry 0.25 Dry
F5 Dry 0.25 Dry
Gl Dry Dry Dry
G2 Dry Dry Dry
G3 Dry’ NF NF
G4 Dry NF NF
G5 Dry NF NF
Hi Dry Dry NF NF
H2 ‘Dry Dry NF NF
H3 Dry Dry NF NF
H4 Dry Trickle NF NF
H5 Dry NF NF
11 Dry Dry Dry Dry
12 Dry Dry Dry 0.25
13 Dry “Trickle 0.8 Dry
14 Dry 0.8 NF
J1 Dry Trickle 0.25 0.25
2 Dry Dry Dry Dry
13 Dry Dry Dry Dry
J4 Dry Dry Dry
K1 Drip Dry Dry Dry
K2 Dry Dry Dry Dry
K3 Drip Dry Dry Dry
K4 Dry | Drip Dry Drip
L1 = Drip Dry Dry Dry
L2 Dry Dry Dry Dry
L3 Drip Dry Dry Dry
L4 Dry Dry Dry Dry

M drains i 1.5 1.3
N1 Dry
N2 Trickle
N3 Dry
N4 "N" Drains still being Trickle
N5 installed in mid to late Drip
N6 November Dry

N7 Drip
| N8 ] Drip
NF: Drains covered by debris from slope and DOT-50000104

therefore not accessible

0201tabs.xls
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February 8, 2000 ' 993-1466
TABLE 6
AVERAGE MONTHLY PRECIPITATION
(1984 THROUGH 1997)
Year
Month 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 Average
__January 8.8 1.01 221 16.66 11.13 7.75 23.46 1059 24.74 9.78 10.59 NF 7581 NF 11.89
February 10.72 691 1151 8.72 3.37 834 12.81 12.45 10.04 049 13.56 NF 9.96 1 845
March 10.36 824 7.32 14.65 1041 13.62 6.79 7.69 1.64 1043 9.16 NF 231 91 14.89
April 823 399 3.84 371 6.64 622 274 11.1 8.86 1133 551 NF 757 NE 6.13
May 8.07 1.62 4.11 632 54 2.95 2.61 3.11 0.04 5.1 378 NF 381 5.46 4.03
June 287 3.09 1 049 1.91 16 . 409 1.32 2.08 361 236 NF 041 3.92 221
July ~_0.001 0.02 08 077 0.92 - 351 027 0.83 0.81 293 0.15 NF 074 341 1.17
- _August ) 0.09 0.87 0.007 02 0.35 1.03 153 4.54 074 049 0.34 NF 16 2.14 1.10
September 328 2.57 2.62 0.84 42 03 0.01 0.001 283 0 154 NF 247 4.77 1.96
October . 737 1424 7.56 0.66 3.91 73 9.26 2.14 6.47 3.03 10 NF 6.33 1291 7.01
November 21.53 5.37 1743 736 20.97 10.19 25.79 16.35 10.01 5.75 17.39 NF 4.96 6.69 13.06
December 8.85 442 12.85 1863 9.24 9.39 12.31 10.85 922 18.98 29.06 NF 12.73 537 1245
Notes: Precipitation data provided by City of Tacoma and summarized by NOAA NRDC
1984 through 1994 predipitation data is for Cushman Powerhouse #2. 1996 and 1996 data is for Bremerton.
Monthly Precipitation
35.00
31.99 )
— 30.87
30.00 ]
2522
25.00
- 2292 B Monthly
2 T Average (1984
E 20,00 ’ 19.43 || to 1997)
E £11998/1999
E 500 14.80 | Monthly Totals
& 13.04 12,48 13.04
£
0.99

DOT-50000105
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February 8,2000 TABLE 7 993-1466

Design Wall Earthpressures

Table 7A - Required Wall Loads for Normal Earthpressures

» ‘ Total Load - k/If
Average Total Load - k/if
Slope | Ka |P-psf/ff] 15 | 20 | 25 30
0] 033 27 6.1 10.8] 169| 243
10| 0.37} 30] 6.8] 12.1] 189 273
20 0.44 36 8.0 14.3| 224| 322
25| 0.50 41 9.2 164 256 36.8
30] 0.75 61| 13.7| 244| 38.0f 548

NOTES:
1. Normal earthpressures are required to support the proposed wall
height considering the retained soil and slopes in the normal "active" zone.

2. The value of P represents the apparent earthpressure imposed as a rectangular
pressure with the pressure equal to the wall height times P in psf. Thus the total
load would be the height squared times P.

3. In most cases the required transfer load to stabilize the landslide will exceed
these values and control the design.

4. The average slope should be calculated as the imaginary.slope defined by the
top of the slope against the wall to the slope at a distance along the slope equal to 1.5
times the wall height.

Table 7B - EARTHPRESSURES FOR TRANSFER LOADS

Apparent Earthpressure - P

Design Wall Height
Load-klf| 15 20 25 30
0 0 0 0 0
.25 111 63 40 28

50 222 125 80 56
75 333 188 120 83
100 444 250 160] 111
150 667 3751 240f 167

Note:

1. Design load in k/f represents the required transfer load for slope stability criteria.

2. Pis in psf/ft and is applied as a rectangular pressure equal to P times the wall height.
3. The larger value from Table 7A and 7B should be used to design the wall.

DOT-50000106
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HORIZONTAL DRAIN DISCHARGES
(Drain Arrays A through D)
—e—Total A
200 1 —a—Total B
—a—Total C
—o—Total D
__ 150 + —=— Cummulative Totals
g_
o
z NOTE: The "D" drains
iT? were installed
100 + approximately one month
after the "A", "B", and "C"
drains. The cummulative
totals do not include the
total flow from the "D"
50 + . drains.
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= compact and firm to stiff; locally stratified; varies from GRAVEL, some sand, trace silt to GA-1 n] ogi —
_~"IDENTIFICATION c
1 GA-2 fine to coarse SAND, trace to little gravel, trace to little silt, grading downward to SILTY 7/1/99 " 1 3| Qols (TRANS)? [
1 CLAY ranging to CLAYEY SILT, locally wet, generally mobilized glacioffuvial deposits. 5 ) TD¢ G - A * — 10 _|
™ » o 9/9/99 =18 PN -
mmﬁ_ Qls(gl)* — STRATIGRAPHIC SYMBOL  Qols: OLDER LANDSLIDE DEBRIS:  Firm to hard, ofive gray to dark gray, massive fo laminated, jointed, fractured, polished ( \ # |
L g SILTY CLAY to CLAY, trace thin fine SAND laminae, little sand sized hard angular clay c —_— ] qosgy Hood Canal
>50 STRATIGRAPHIC CONTACT dlasts, molst. 41 |
1 SPT"N° VALUE— Qlg PIEZOMETER INTERVAL G e —_—
olLo Qgf: GLACIOFLUVIAL DEPOSITS: Compact to dense; nonstratified to crudely bedded; varies from fine to coarse SAND trace agl ol o
o little silt, trace rounded gravel to sandy fine to coarse GRAVEL, littie sitt, locally thin 1D = 18.1M
- interbeds of fine sand, locally wet. ;
f0f) Roates derived from Giack@ial Deptet : Dense to very dense and hard, light olive gray 1o light olive brown, massive to stratified
silty fine SAND, trace fo litle fine rounded gravel, varies to fine to coarse SAND, trace to
o e Hthe siit, race to some fine to coarse rounded grave, occasional interbeds of SILTY —_— e
— -7 GEOLOGIC CONTACT, QUERIED CLAY SN0 - Sty -1, Mokt Wi, FEET
WHERE UNCERTAIN Qgl: GLACIOLACUSTRINE DEPOSITS: Hard, massive to laminated; SILTY CLAY to CLAYEY SILT, generally damp to HV
APPROXIMATE LOCATION OF Qgfd: GLACIOFLUVIAL DRIFT: W#‘mmm.mmwnmmsmwmvmwmb 0 10 20 30 7
§—-+=" GEOLOGIC CONTACT BASED ON coarse SAND, litiie to some fine to coarse gravel, trace cobbles and boulders, generally P ey S—— FIGURE
s e METERS GEOLOGIC CROSS-SECTION A-A'
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SPECIAL NOTE:

Data concaming 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.

HEADSCARP

50 100
e —
FEET
HV
10 20 30
 — " —
METERS

DISPLACEMENT BASE ON
11/6/99 INCLINOMETER DATA

EXPLANATION
Qis: LANDSLIDE DEPOSITS:

Qois: OLDER LANDSLIDE DEBRIS:

Qgf: GLACIOFLUVIAL DEPOSITS:

Qgt: TRANSITIONAL DEPOSITS:

Qgl: GLACIOLACUSTRINE DEPOSITS:
Qgid: GLACIOFLUVIAL DRIFT:

Generally reflects vertical distribution of “n-place” strata west of headscarp; loose to
compact and firm to stiff; locally stratified; varies from GRAVEL, some sand, trace silt to
fine to coarse SAND, trace o little gravel, trace 1o litthe siit, grading downward to SILTY
CLAY ranging to CLAYEY SILT, locally wet, generally mobilized glaciofluvial deposits.

Firm to hard, olive gray o dark gray, massive to laminated, jointed, fractured, polished
SILTY CLAY to CLAY, trace thin fine SAND laminae, little sand slzed hard angular clay
clasts, molst.

Compact to dense; nonstratified to crudely bedded; varies from fine to coarse SAND trace
fo lite silt, trace rounded gravel to sandy fine to coarse GRAVEL, little silt, locally thin
Interbeds of fine sand, locally wet.

Dense lo very dense and hard, light olive gray fo light olive brown, massive to stratified,
slity fine SAND, frace fo little fine rounded gravel, varies to fine to coarse SAND, trace to
litthe silt, trace to some fine to coarse rounded gravel, occasional interbeds of SILTY
CLAY ranging to sandy SILT, motst to wet.

Hard, massive to laminated; SILTY CLAY to CLAYEY SILT, generally damp to

Uty ense and hard, nonstratified 10 crudely bedded, SILTY CLAY and sity fine o
coarse SAND, little to soma fine {0 coarse gravel, frace cobbles and boulders, genemlly
damp fo moist.

—
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i SPECIAL NOTE:

-4 Data conceming the varlous strata have been
obtained at exploration locations only. The
interpretation between these locations has been
0L 0 inferred from geological evidence and so may
vary from that shown.

Qgf EXPOSED IN CUTSLOPE

BOREHOLE LEGEND
BOREHOLE
GA-2~ 'DENTIFICATION
|
1“4
G 2| Qle(gl)* — STRATIGRAPHIC SYMBOL

— __7 GEOLOGIC CONTACT, QUERIED
WHERE UNCERTAIN

APPROXIMATE LOCATION OF
S§—-:+~— GEOLOGIC CONTACT BASED ON
SEISMIC SURVEY

EXPLANATION
Qis: LANDSLIDE DEPOSITS:

Cols: OLDER LANDSLIDE DEBRIS:

Qgf: GLACIOFLUVIAL DEPOSITS:

Qgt: TRANSITIONAL DEPOSITS:

Qgl: GLACIOLACUSTRINE DEPOSITS:
Qgfd: GLACIOFLUVIAL DRIFT:

Generally reflects vertical distribution of "In-place” strata west of headscarp; loose ®

compact and firm to stiff; locally stratified; varies from GRAVEL, some sand, trace silt to
fine to coarss SAND, tracs to littie gravel, trace to ltte siit, grading downward to SILTY
CLAY ranging to CLAYEY SILT, locaily wet, generally mobilized glaciofiuvial deposits.

Firm to hard, olive gray to dark gray, massive o laminated, jointed, fractured, polishad
SILTY CLAY to CLAY, trace thin fine SAND laminae, little sand sized hard angular clay

clasts, molst.

Compact to dense; nonstratified to crudely bedded; varies from fine to coarse SAND trace
1o little silt, trace rounded gravel to sandy fine o coarse GRAVEL, litthe silt, locally thin
Interbeds of fine sand, locally wet.

Dense to very dense and hand, light olive gray fo light olive brown, massive to stratified,
silty fine SAND, trace to liiie fine rounded gravel, varies fo fine to coarse SAND, trace fo
little silt, trace to some fine to coarse rounded gravel, occasional interbeds of SILTY
CLAY ranging to sandy SILT, moist to wet.

Hard, massive to laminated; SILTY CLAY fo CLAYEY SILT, generally damp to

U#mmmmnmm,awmvmwmn
coarse SAND, iitle to some fine to coanse gravel, frace cobbles and boulders, generally
damp to moist.
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SOUTH BEND IN SECTION
- |
INTERSECTION WITH
- INTERSECTION WITH CROSS SECTION B-8'
4 100 CROSS SECTION A-A" \ INTERSECTION WITH
i CROSS SECTION CC
i ‘ H-1-99 (GA-3A)/GA-3 |
o 0 GA-8/8A (PROJECTED 3.0M EAST) GA-9/9A
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. 1'I-| r| el
80 ad
250 _| wi = "-
E - a“ >80 -1 w 21
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150 _ ol
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i “ v -
— — —Y
i ? n
- >50
n
- >80
>80
100 _| >80
30 i
- ]
50
l TD = 63.3M .
120 - ca—— TD = 64.5M
y Ly APPROXIMATE ELEVATION OF BOTTOM OF TROUGH
50 BOREHOLE LEGEND EXPLANATION :; ag IN Qgl LOCATED APPROXIMATELY 150 FEET TO THE
SR Qis: LANDSLIDE DEPOSITS: Generally reflects vertical distribution of "In-piace" strata west of headscarp; loose to TD = 73.0M @Lﬁuﬂm DY SSRGSy
10 GA-2 fine to coarse SAND, tracs to littie gravel, trace to lite siit, grading downward to SILTY
= I CLAY ranging to CLAYEY SILT, locally wet, generally mobilized glaciofiuvial deposits.
“ 14
e A S e o i B ST S
| — to "
>50 STRATIGRAPHIC CONTACT
0_L0 SPT N VALUE— &nm:mn AR
Qgf: GLACIOFLUVIAL DEPOSITS: Compact to dense; nonsiratified to crudely bedded; varies from fine to coarse SAND traca
to litthe silt, trace rounded gravel to sandy fine to coarse GRAVEL, little siit, locally thin
. Interbeds of fine sand, locally wet. 0 50 100
(gf) Indicates derived from Glaciofiuvial Deposi. e
indicates derived TRANSITIONAL DEPOSITS: Densa fo very dense and hard, light olive gray to light olive brown, massive o stratified, :
e e e T - silty fine SAND, trace to litie fine rounded grave, varies to fine to coarse SAND, trace fo FEET g:EhC'ALNOTE‘ g
litie s3, trace to some fine to coarse rounded gravel, occasional Interbeds of SILTY H:V W‘z‘;m““”mm‘:d;“;;"
CLAY ranging to sandy SILT, moist to wet. obtained at exploration locations only.
—_ =7 ‘mﬁm 0 10 20 30 interpretation between these locations has been
Qgl: GLACIOLACUSTRINE DEPOSITS: Hard, massive to laminated; SILTY CLAY to CLAYEY SILT, genarally damp to ey — inferned from geological evidence and so may
_ APPROXIMATE LOCATION OF Qgfd: GLACIOFLUVIAL DRIFT: Wmmmwnmmmwm*wmhu METERS vary from that shown.
S— GEOLOGIC CONTACT BASED ON coarse SAND, little to some fine to coarse gravel, frace cobbles and boulders, generally
SEISMIC SURVEY damp to molst.
e s ——
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SOUTH NORTH
:m_l_w wﬂ,_m
" INTERSECTION WITH INTERSECTION WITH INTERSECTION WITH INTERSECTION WITH i
1w CRO3S SECTION A-A' CROSS SECTION G-G' CROSS SECTION B-8' CRO$S SECTION CC' s f
150 _| GA-10/10A | 150
] PVC CASING e GA-11/11A GA-12112A  ga.5/5A
| w0 ' l f w0_|
:] i GA-TITA = i E
E = 3 i =
= 13 9 = =
: ; 4 * : o &
2 100 30 DEPTH OF DISPLACEMENT » sp < 0 -0
< < INDICATED ON 11/7/99 3 g i
5 T ] INCLINOMETER DATA n A0 12n) o f Dry 8/20/99 POSSIBLE SMALL SCALE 5
. o 5 woroes - ¥ MOVEMENT (11/6/99) -
i g ¢ - = P e o - 9/15/99)
120 " Paisigi 8 gia) "2 = ¥ S, 20_f
. § POSSIBLE SMALL SCALE B W !
50| Qu{véemz MOVEMENT (11/6/99) =
1 10 TD =23.2M 10_|
= ‘ m - 8
| TD = 30.6M X
g_L_ 0 o_L_a
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,
BOREHOLE LEGEND EXPLANATION
BOREHOLE Qis: LANDSLIDE DEPOSITS: Generglly reflocts vertical distribution of "in-place® strata west of headscarp; loose to
A OENTIFCATION compact and firm to stiff; locally stratified; varies from GRAVEL, some sand, trace siit to
GA-2 fine to coarse SAND, trace 1o little gravel, trace to little silt, grading downward to SILTY
I CLAY ranging to CLAYEY SILT, locally wet, generally mobilized glaciofiuvial deposits.
GROUNDW. 14
i ¥ 21Qis(gl)* — STRATIGRAPHIC SYMBOL  Qols: OLDER LANDSLIDE DEBRIS: w*m.%mum%wwwhwm.m
—_ Y to CLAY, frace D laminas, littie sand sized hard angular clay
>80 STRATIGRAPHIC CONTACT
SPT N VALUE Qig ~ PIEZOMETER INTERVAL clasts, moiet.
Qg GLACIOFLUVIAL DEPQSITS: Compadt to dense; nonstratified to orudely bedded; varles from fine 1o coarse SAND trace
fo little silt, trace rounded gravel to sandy fine to coarse GRAVEL, litle siit, locally thin
5 interbeds of fine sand, locally wet.
(gf) indicates derived from Glaciofluvial Deposit.
indicates derlved from Glackiscustring Deposk TRANSITIONAL DEPOSITS: Dense to very dense and hard, light olive gray to light olive brown, massive to stratified,
g)“).m“::nmrmm o silty fine SAND, trace fo little fine rounded gravel, varies to fine to coarse SAND, trace fo Do"[‘—50000118
litthe silt, trace 1o some fine fo coarse rounded gravel, occasional interbeds of SILTY
— —-7 GEOLOGIC CONTACT, QUERIED CLAY ranging to sandy SILT, moist to wet. 0 50 100
WHIGHE UNCERTAN Qgl: GLACIOLACUSTRINE DEPOSITS: Hard, massive to laminated; SILTY CLAY to CLAYEY SILT, generally damp to EE;;'F
_ APPROXIMATE LOCATION OF Qgfd: GLACIOFLUVIAL DRIFT: mmwmmuuwmmwmvwWMb Hev
- e GEOLOE:UR%WMON coarse SAND, little to some fine to coarse gravel, trace cabbles and boulders, generally FIGURE 1 1
SEISM damp to moist. 1 30
RENEWED LANDSLIDE MOVEMENT, —— e — GEOLOGIC CROSS-SECTION E-E'
— - FALL1999 i METERS US 101 MP 322
— S e P S WSDOT/MP 322/WA
Golder Associates
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INTERSECTION WITH INTERSECTION WITH
SOUTH » m ™ NORTH
INTERSECTION WITH
100 _,_ 30 el idlisabollss a0 100
] INTERSECTION WITH
CROSS SEGTION C-C' =
] H-1R-99 H-2R-99 i
120 (PROJECTED 6.1M EAST) -
- HIGHWAY 101 | TH-1-99 TH-2-99 20 . |
50 P& HIGHWAY 101 | I | 50
g4 2 ] G — S
z «_mé 2 T ? — — 2] ? ol oz
e | & = " i i - <
e )| s A W —- e —S 20 -] - <
58 - d e L
0f-o : — et e At 0L o
4l o — e =
E TD = 18.1M al @ -4 [ i
| TD = 18.5M el
ok k
1 _-10 L= b -
d TD = 21.4M 10
=50 _J =50
SPECIAL NOTE:
Data conceming 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.
BOREHOLE LEGEND EXPLANATION
Qls: LANDSLIDE DEPOSITS: Ganerally reflects vertical distribution of “In-place” strata west of headscarp; loose to
/mm compact and firm to stiff; locally stratified; varies from GRAVEL, some sand, trace silt io
GA-2 fine to coarse SAND, trace to ittle gravel, trace to little siit, grading downward to SILTY
[ CLAY ranging to CLAYEY SILT, locally wet, generally mobllized glaciofiuvial deposits.
GROUNDW. 1"
..'Eumﬁ. 211 Qis(gl)* — STRATIGRAPHIC SYMBOL  Qole: OLDER LANDSLIDE DEBRIS:  Firm to hard, olive gray to dark gray, massive to laminated, jointed, fractured, polished
k... i U A Ealy SILTY CLAY to CLAY, trace thin fine SAND laminae, fittie sand sized hard angular clay
SPT "N° VALUE—" Qlg  PIEZOMETER INTERVAL i
Qgf: GLACIOFLUVIAL DEPOSITS: Compact to dense; nonsiratified to crudely bedded; varies from fine to coarse SAND trace
to little silt, trace rounded gravel to sandy fine to coarsa GRAVEL, little sit, locally thin
(})mmmwum el o DOT-50000119
{trans.) Indicates derlved raraltinal silty fine SAND, traca to littie fine rounded gravel, varies to fine to coarse SAND, trace to
TR i lithe silt, trace to some fine to coarse rounded gravel, occasional interbeds of SILTY éﬂo
— 7 GEOLOGIC CONTACT, QUERIED CLAY ranging to sandy SILT, molst to wet. FEET
IR S——" Qgl: GLACIOLACUSTRINE DEPOSITS: Hard, massive to laminated; SILTY CLAY t CLAYEY SILT, generally damp © RV 12
s APPROXNATELQA%ATHONOFN Qgfd: GLACIOFLUVIAL DRIFT: m‘mmm,mhmmuwcmvmwmb 10 20 a0 FIGURE
—..=  GEOLOGIC CONTACT BASED coarse SAND, lttie  some fine to coarse gravel, trace cobblea and boulders, generally -F'
SEISMIC SURVEY gt e e — GEOLOGIC CROSS-SECTION F-F
Golder Associates
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- eGE oE G I G G G G &N = GE & S aE &

— — 7 GEOLOGIC CONTACT, QUERIED
WHERE UNCERTAIN
APPROXIMATE LOCATION OF
GEOLOGIC CONTACT BASED ON
SEISMIC SURVEY

§—

RENEWED LANDSLIDE MOVEMENT,

Qgl: GLACIOLACUSTRINE DEPOSITS:
Qgfd: GLACIOFLUVIAL DRIFT:

littie silt, trace fo some fine to coarse roundad gravel, occasional interbeds of SILTY
CLAY ranging to sandy SILT, moist to wet.

Hard, massive to laminated; SILTY CLAY to CLAYEY SILT, generally damp to

Very dense and hard, nonstratified to crudely bedded, SILTY CLAY and silty fine to
coarse SAND, Iittie to some fine to coarse graval, trace cobbles and boulders, generafly
damp to moist.

WEST EAST
200 160 60~ 200
4 INTERSECTION WITH L
CROSS SECTION E-E'
"}_ 50 } 50 _|
- GA-11/11A -
150 PROJECTED 3.0M NORTH) L 150
] \ PVC CASING .
L 40 CLOSED OFF e
- 11/12/99 INTERSECTION WITH o
— i = CROSS SECTION G-G' . g E
s S
E i > HIGHWAY 101 g B >
S 100_] 499 RE-ROUTE o 100 8
E Yk GA-14 £ 0T
i ) u (PROJECTED 3.0M SOUTH) . iy - E
o - i w - m
1 20 OLD HIGHWAY 101 PAVEMENT 20 |
- ? —_— A b
50 _| DRY (GA-11) N Qols?\, | 50
] — :
10 L P ( ///\ ? 10 ]
i Qgl? : L
P - r
i L .
o_l.0 TD = 18.8M 0o_l_o
BOREHOLE LEGEND EXPLANATION
BOREHOLE Qis: LANDSLIDE DEPOSITS: Generally reflects vertical distribution of "in-place” strata west of headscam; loose to
_~IDENTIFICATION compact and firm to stiff; locally stratified; varies from GRAVEL, some sand, trace silt to
GA-2 fine to coarse SAND, trace to little gravel, trace to littte sitt, grading downward to SILTY
[ CLAY ranging to CLAYEY SILT, locally wet, generally mobilized glaciofluvial deposits. 0 50 100
GROUNDWATER _ 4 . ] . . ) K i T ™ —
211 Qis(gl)* — STRATIGRAPHIC SYMBOL  Qois: OLDER LANDSLIDE DEBRIS:  Firm to hard, olive gray to dark gray, massive to laminated, jointed, fractured, polished FEET
£ AT c o SILTY CLAY to CLAY, trace thin fine SAND laminas, litle sand sized hard angular ciay
SPTNVALIE~  [70 =~ PIEZOMETER INTERVAL clasts, moist HeV
Qgf: GLACIOFLUVIAL DEPOSITS: Compact to dense; nonstratified to crudely bedded: varies from fins to coarse SAND trace Y 10 20 30
to little siit, trace rounded gravel to sandy fine to coarse GRAVEL, little silt, iocally thin ey
. interbeds of fine sand, locally wet. METERS
ot Gormvad from Clocoitre Dog ook, Qpt: TRANSITIONAL DEPOSITS: Dense to very dense and hard, light olive gray to light olive brown, massive to stratified,
{trans.) Indicates derived from Transitional Beds. sitty fine SAND, trace to little fine rounded gravel, varies to fine to coarse SAND, trace to SPECIAL NOTE:

Data conceming the various strata have been .
obtained at exploration locations only. The f
interpretation between these locations has been ‘
inferred from geclogical evidence and so may i
vary from that shown. !

DoT_50000120

FIGURE 1 3

GEOLOGIC CROSS-SECTION G-G’

_— FALL 1899 Us 101 MP 322
WSDOT/MP 322/WA
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SPECIAL NOTE:

Data conceming 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. Base survey supplied by
WSDOT.
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EXPLANATION
B ——-— B LOCATION OF GEOLOGIC CROSS SECTION
ELEVATION CONTOUR AT BOTTOM OF GLACIOFLUVIAL
- ==50=" " DEPOSITS (FEET MSL)
EXPLORATORY BORING LOGATION
gGABIBA  (INSTALLED APRIL TO JUNE, 1999) /
: EXPLORATORY BORING LOCATION 2
g:gcg'-m:grnﬁ-m RO U o GA-14 (INSTALLED SEPTEMBER, 1999) prd
st m“’l sl o':.‘:‘;"T‘:‘?" OGA-15 HYDROGEOLOGIC TEST WELL g %00 16
interpretation between these locations has been PR a——— = FIGURE
m Fom gecloglo evidercs N:r;d oo ® ELEVATION OF TOP OF DISTURBED GLACIOLACUSTRINE
i [88.3] ELEVATION OF STARTIGRAPHIC HORIZON AT LOCATION SHOWN (FEET) 0 % R et o DEPOSITS WITHIN LANDSLIDE DEBRIS
- (BASE OF TRANSITIONAL LANDSLIDE DEBRIS)
WSDOT/MP 322/WA
Golder Associates

DOT-50000123




B

See Seismic Refraction Contour Map (Figure 3)
for elevation contours of the top of the "in place”
Glaciolacustrine Deposit in the area west of
GA-8, GA-15, and GA-S.
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HEAD SCARP

IDEALIZEI.D LOCATION OF UPPER

EXPLANATION

Qls: LANDSLIDE DEPOSITS: Generally reflects vertical distribution of "in-place® strata west of headscarp; loose to
compact and firm to stif; locally stratified; varies from GRAVEL, some sand, trace silt to
fine to coarse SAND, trace to fittls grave!, ‘raca to little silt, grading downward to SIiLTY
CLAY ranging to CLAYEY SILT, locally wet, generally mobilized glaciofluvial deposits.
Qgf: GLACIOFLUVIAL DEPOSITS: Compact to dense; nonstratified to crudely bedded; varies from fine to coarse SAND trace
to little silt, trace rounded gravel to sandy fine to coarse GRAVEL, little silt, locally thin
interbeds of fine sand, locally wet.

- Qgt: TRANSITIONAL DEPOSITS: Denss to very dense.and hard, light olive gray to light olive brown, massive to stratified,
silty fine SAND, trace to littie fine rounded gravel, varies to fine to coarse SAND, trace to
. little silt, trace to some fine to coarse rounded gravesl, occasional interbeds of SILTY
CLAY ranging to sandy SILT, moist to wet.

Qgl: GLACIOLACUSTRINE DEPOSITS: Hard, massive to laminated; SILTY CLAY to CLAYEY SILT, generally damp to

moist.
Qgfd: GLACIOFLUVIAL DRIFT: Very dense and hard, nonstratified to crudely bedded, SILTY CLAY and silty fine to
coarse SAND, little to some fine to coarse gravel, trace cobbles and boulders, generally

damp to molst.

(gf) Indicates derived from Glaclofluvial Deposit.
{gl) indicates derived from Glaciolacustrine Deposit.
(trans.) indicates derived from Transitional Beds.
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HOLE No.. H-1R-99

PROJECT __M.P. 322 Slide Highway Holes

|_.OG OF TEST BORING ‘Washington State
: 77

’ Department of Transportation

Job No. DMC-021

SR 101

Station

Equipment  CME 850 w/ autohammer

Method of Boring Wet Rotary

Offset

Casing

C.S. 2303

Ground & (@Z s ‘L'

SOIL DMC021~1:GPJ SOIL.GDT $/21/9902:07:27 PS

Start Date May 20, 1999 Completion Date  May 20, 1999 Sheet 1 of 3
= € Standard sPT g s 3 5| =
E=4 = o . = 2 @ @ o
£ g ? Penetration Blowsis™ | 2| & 2 ﬁ o Description of Material '§ S
8 g a Blows/ft (N) € 5 é = 8 k7]
(U - =4
@ & £
10 20 30 40
R T A 4
| ! oo
] | I I | -
I I -
I T -]
| I I !
1 R , }
1 | | | 4 D-1 Poorly graced GRAVEL with sand, subrounded, loose, —
: i 2 black, wet, Homogeneous, no HCl reaction :
b 3 Length Recovered 0.2 # S
| l | ®
5 AN |
] N
- { | L
L, A 3
i l ! | L
| ! !
] ! !
o | i 8 D-2 SILT, dense, dark greenish grey, wet, Homogeneous, no T b
[ ; 14 HCl reaction, Zones of FeO2 staining
7 | | 17 Length Recovered 1.5 ft F
(31)
1073 } } -
i !
] | i
] | | 1
{ [ "
- | l
4 ! I 10 D3 Silty SAND, dense, dark greenish grey, wet, e
i | 15 Homogeneous, no HCl reaction, FeO2 stains present
7 | | 21 Length Recovered 1.5 ft -
! 4 e) <
15— P .
| |
: [ A L i
5 ! | DOT-50000144 —
] Lo !
| |
4 ! !' L
! | 1 D4 Silty SAND, dense, dark ofive grey, wet, Homogeneous,
_l { | 17 no HCl reaction, FeQ2 stains present
L | : 21 Length Recovered 1.5 ft B
! (38)
6 - —
20 | |
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HoLE No. _ H-1R-99

LOG OF TEST BORING

P

Sheet 2 of 3

Washington State
W ’ Department of Transportation

PROJECT _ M.P. 322 Slide Highway Holes Job No. __DMC-021
£ g ° Standard SPT :‘2’: g = § e
< n = Penetration Blows/6" le Z| 2 2 - . s ]
‘g % & Blows/ft N —éi g § x 2 Description of Material g 2
= Siat g E
10 20 30 40
| ! b
] I | I I L
[- [ T 4
l ! ! [
1 I I
1, I
| ! ! ! 9 D5 SILT, dense, dark greenish grey, moist, "
| { ] | ?zg l.aminated,Fissured, no HCI reaction, FeO2 stains I
7 ‘ | present
_J' : ! : ‘ (48) Length Recovered 1.5 f ) _1
25 \ ~
{ t i i I~
I f ! |
1, I ]
l ! I ! L
1 l l | I
{ ; [ |
. I N TR R S [ | . . -
, ‘ . P -6 SILT, dense, dark greenish grey, moist, Homogeneous,
' : : ' 18 no HClI reaction
“L ! i 1 | (j: ' Length Recovered 1.5 ft -
9 I ) =
30 f : | | -
| i ! i
1 P ]
ool ‘ { 1
] IR A
I i I |
o ! I { { i J
| f ! i S, D-7 SILT, medium dense, dark greenish grey, dry,
| | i l ;7 Stratified,Laminated,Fissured, ne HCI reaction
- . 4 Length Recovered 1.5 ft o
F [ T 41
T N ]
35—
I B
] b
—1 f { ! ] _1
] o
| | ! %
. Lo L 4
4 , | )
! ! : 10 D-8 SILT, dense, dark greenish grey, moist, Homogeneous, ( :
] ! f ! 16 no HCl reaction
ru ] i | 24 Length Recovered 1.5 ft F
. | | | (40) —
40— J I ! ~
I
4 i CmmAma s
5 ( :‘ : DOT-50000145 1
1 Pt P
A |
13 N
r I ' -
| ; | | 1 D-9 SILT, dense, dark greenish grey, moist, Homogeneous,
l i | | 18 no HCl reaction e
{ | i \ | 23 Length Recovered 1.5 ft -
(41) ]
] i !




LOG OF TEST BORING - Washington State
: ’ v’, Department of Transportation
H-1R-99

Gl NN NN WS N A

‘Mcoz..son_?usm-Ps - [ ] ] o

HOLE No.
Sheet 3  of 3
PROJECT _ M.P. 322 Slide Highway Holes Job No. DMC-021
[ . [
g | E| o Standard seT |23 " _ ;‘;‘;
£ 2 | % Penetration Bowse" | 2| 2 3| § B Description of Material 3
@ 3 & Blows/tt N |E|ES|TF 3
o = S é's ol &
10 20 30 40
A -
L I .
I
] I i
I I I I
(N
4 > . . B
| | i ] 12 D-10 SILT, very dense, dark greenish grey, moist,
| | { [ 24 Blocky,Homogeneous, no HCI reaction
Tots | | | I 32 Length Recovered 1.5 ft -
(56)
I I I |
507 | B
i I I B |
] I I I I "
I ! | |
] [ T -
—16 S .
- 1 > . . L
! ! ! [ )T 15 D11 SILT, very dense, darkgreenish grey, moist,
| | ! I 22 Homogeneous, no HCI reaction
1 I [ f [ 3 Length Recovered 1.5 ft -
| ! | I 53
55— N —
{ { | | i
=" I I
I
] I I | i N
- I I | | .
] (I T R L
| | | | 12 D-12 SILT, dense, dark greenish grey, moist, Homogeneous,
[ | | | 19 no HCI reaction
4 18 26 Length Recovered 1.5 ft o
I S (45)
| | f I
60— -
[ _
B I { ! { End of test hole boring at 53.5 ft below ground elevation. I 7
1 I | | |
[ N
T I |
N
] ol This is a summary Log of Test Boring. Soil/Rock
{ i I | descriptions are derived from.visual field identifications
T | | I | and laboratory test data. - I
ol
65— | ! | I ~
20 | | ! | _
1 I | | I -
I R S
i I P R L
I I I o
: e DOT-50000146 L
N
1—21 I | | I L
(N T T

Instrument
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Howthh

HOLE No. _H-2R-99 _

PROJECT _ M.P. 322 Slide Highway Holes

Department of Transportation

LOG OF TEST BORING - Washington State
'7I

Job No, _ DMC-021

SR 1M1

Station

Equipment CME 850 w/ autohammer

Method of Boring Wet Rotary

Offset

Casing

C.S. 2303

HQx62

Ground Bl __gy” ~-4AQ

Start Date May 20, 1999

Completion Date

May 20, 1999 Sheet 1 of 3

o —
=3 € Standard ajg - 3 - i}
E % 2 Penetration SPT |2 ﬁ 2 o £ g é
B o 2 8 Blows/g" | 2 =8 s é Description of Material g E
o) = N [Els 2 8 2
. AR . 6 =
T 20 30 40 Y
k I I I N
S T
] Pt oo -
- P b ]
iy | ! | I -
oo T
. } i f | -
—1 , —
A N
. f | o -
¢ . ’ . i 2 D-1 Silty SAND with gravel, loose, olive/moddled with Fe02,
- i ! | 3 wet, Disrupted, no HCl reaction, FeO2 stains present
s— y i ! ¢ ! 3 Length Recovered 1.5 ft =~ 7
* | : ! ® -
. \ t : [ B
Y o Lo B
/ i i I .
i ! i |
) R !
I’ i ! I 1
] ) N
; ] i | 1 02 SILT with sand, with Organics and gravel, loose, olive
L4 ! ! | 3 moddled with Feo2 stains, wet, Homogeneous, no HCt N
10 | | | 7 reaction, Feo2 stains present Wood in bottom 6" of —
3 ' : : (10) sampler
i ! i i Length Recovered 1.5 ft
i i ! i i
i i i | +
i ! i I r
| ! i I
T ! i ! | m
| f ? |
1 L & i | ) - - . -
; 2 ' ! : 3 x 0-3 Well graded SAND with gravel, and silt.;l_oos»e\, very dark
- v l : 4 greyish brown, wet, Homogeneous, no HCl reaction |
15 L ] ! | 3 Length Recovered 0.5 ft L -
SR 7
. i { ! ! -
— S i | ! I : . e 7
1 f ; 5 I DOT-50000147 ’ L
i | i |
1 b i | | oo
# i ! !
4 ¢ ! P : A
i{ i H i 1 D4 Sandy Elastic SILT with gravel, soft, olive grey moddled
6 \ r ; i | 2 with FeO2, wet, Disrupted, no HCI reacticn, FeO2 stains —
20 :




SOIL DMC021~1.GPJ SOIL.GDT 5/21/99012:07:36 P5
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LOG OF TEST BORING

A ]
Washington State
v ’ Department of Transportation

Groundwater

Instrument

HOLE No. _H-2R-99 .
Sheet 2 of 3
PROJECT _ M.P. 322 Slide Highway Holes Job No. DMC-021
e € ° Standard sPT § g =~
= ~ o . - z 7]
£ 2| % Penetration Blowsis” |22 0| 8 3 Description of Material
8 § & Blows/ft ) § § g - @
a :
20 30 40 @
! | i 2 Length Recovered 1.5 ft -
| @
- ! ! i
] I ! |
b
1, R
I
{ | I
1 [ i { 4 D-5 Poorly graded SAND, ioose, olive brown, wet,
- | ! | 4 Homogeneous, no HC! reaction
25— [ l | 5 Length Recovered 1.0 ft —
Lo @
i Lo
l | I
] | | |
| l i
I o
| |
. I P '
B | : ; 4 D-6 Well graded SAND wiith grave!, medium dense, dark
9 | ; 8 olive, wet, Homogeneous, no HC! reaction
30— ! : i 6 Length Recovered 1.0 ft —
| I | a4
1 ( B
i g f
T N
. ! : :
l
10 | | i
| l i
| ! ] !
i | ! i 4 D-7 No Recovery
: 4 .
35— l ' l 2 —
b ®
| ! i !
— 1 ! ( f
| | !
| o
- | | |
1 | ! |
! i |
—12 l l i 1 D-8 SILT with sand, loose, olive grey moddied with FeQ2,
i | ! 3 . wet, tratiﬁq&, no HC! reaction
40— | ! } 4 Length-Recovered 1.5 ft —
I | ™
4 | ! i
! H }
i ! ; .
] y ; n DOT-50000148
13 X .
] | | l
l | 2 ;
f f | | , L
= { i 2 D-3 SILT with gravel, loose, olive, wet, Homogeneous, no HCI
i : 3 reaction

45—
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HOLE No.

H-2R-99

LOG OF TEST BORING

A

Sheet 3  of 3

Washington State
v” Department of Transportation

PROJECT _ M.P. 322 Slide Highway Holes Job No. __DMC-021
2 £ Standard glg =~ g
g E | o anaar SPT |22 3 " 3
50_ %’, ""5_ Penetration Blows/s™ | £ % PG ‘g Description of Material je!
3 ° o Blows/ft ™y 3 E é = - 3
= ol & 2
» ]
10 20 30 40 -
I i ] 4 Length Recovered 1.0 ft
i | @
+—14 ]
AN
] AN
(I
] L
I I I
] .
15 I | ! i 10 D-10 SILT, dense, olive grey, maist, Laminated,Fissured, no —
[ | | | 17 HCI reaction, FeOZ stains present ’
50 | I | 23 Length Recovered 1.5 ft —
(40)
I 1 I {
] I | i
ol
1 I ! I |
i N -
1 I I I I
I I | I
1 | | i [ > o
| i | | 13 D-11 Elastic SILT, very hard, grey and dark grey, wet,
; ' ‘ 23 Stratified, no HC! reaction
55— I | i ! 41 Length Recovered 1.5 ft —
I | ! ] (64
v I 7
IR R B
] I ! ! i
- A
| AR
I i | |
1 I ! | D soe . |
| I J | 13 D-12 SILT, very dense, dark greenish grey, wet,
| | | | 25 Homogeneous, no HCI reaction
60— T 37 | A Length Recovered 1.5 ft -
! ' (62) {
- | P i
| I I I
l ! l | End of test hole boring at 60.5 ft below ground elevation.
1 19 oo ! l This is a summary Log of Test Boring. Squ/Rock ]
| I ' | i descriptions are derived from visual field identifications
i d laboratory test data.
I an
o I !
T I | I |
I I I |
65 | | | | -
20 ! | | i |
1 I | I !
| ! | I
i R
I | i I
d I I I I -
I I ! I DOT-50000149
{2 ! | I | -
L i ! ! ]
70 l ! | I

Instrument




SOIL. XL0749-1.GPJ SOIL.GDT 10/1/99 2:30:44 P10

LOG OF TEST BORING : T Washington State
W Department of Transportation
HOLE No. _TH-1-99 /4
PROJECT _ Eldon Slide MP322 Job No. _ XL-0749
S.R. 101
Station Offset C.s. 2303
Equipment  BK-81 w/ autohammer Casing HQx17.5 HW73.5 Ground EI _ 30.0 (9.14 m)
Method of Boring Wet Rotary
Start Date  August 25, 1999 Completion Date  August 25, 1999 Sheet 1 of 4
s | . Standard PT :E sz 2z
= - 2 ; | 2
%_ ‘;’; B Penetration Blows/6* | 2 %_ % E 2 Description of Material 'é S
© T a Blows/ft gl g 8 = ] £
fal = N gl 8 & [=4 2
7 1 I (] =
h 4
1 #.=0.3048 m.
i L
- -
1, ‘ a
] 17 D-1 Silty SAND with gravel, dense, light brown, wet,
16 Homogeneous, no HCI reaction r
20 Length Recovered 0.5 ft, Length Retained 0.4 ft
5+ (36) B
1
3 D2 Well graded SAND with gravel, very loose, light gray, wet, :::
] 1 Stratified, no HCl reaction O
3 Length Recovered 1.3 ft, Length Retained 1.0 ft b e
o3 ) ' — Tl g
T _ =
2 D-3 SILT, medium dense, light gray, wet, Homogeneous, no
T 2 HClreaction A IS0 =
L_ 3 Length Recovered 1.5 ft, Length Retained 1.4 ft IO N
15‘—‘ (5) . | -_:. N
_ SN = K
-5 S e Iy 1528 v RO
] DOT-50000150 o T = %
i U4 Silty SAND with gravel, medium dense, light gray, wet, o
A Homogeneous, no HC reaction N N
6 B Length Recovered 0.7 ft, Length Retained 0.7 #t e o
L 20 sl




LOG OF TEST BORING A Washington State
V7 Department of Transportation

Sheet 2 of 4

HOLENo. TH-1-99

SOIL XL0749-1.GPJ SOIL.GDT 10/1/99 2:30:44 P10

PROJECT _ Eldon Slide MP322 Job No. _ XL-0749
= E Standard &l s = 5
=) E o r SPT | 2| Z 8 » 5| &
S 5 B Penetration Blows/g*| 2 2 2 § 3 Description of Material 3 S
2 @ a Blows/ft gl E S - g 2
e > Ny 1Els g e 2
w|P " sl £
| l I t 5 D-5 Silty SAND with gravel, loose, light gray, wet, - FZ :::E::I
| 3 Homogeneous, no HCI reaction O =
‘ l ‘ 3 Length Recovered 0.7 ft, Length Retained 0.5 ft ﬁ e
T © 08/25/1999 | |-
1, 1 IR =
] l l ‘ 1 D-6 Silty SAND, very loose, light gray, wet, Homogeneous, no =
2 HCI reaction ( N =
- ] l ] 2 Length Recovered 1.5 ft, Length Retained 1.4 ft O =
l () S N e
y : : =
| ] 2 D-7 . Silty SAND, loose, olive brown, wet, Stratified, no HC! '::5:_:
‘ ] ‘ 2 reaction r =
9 (3 Length Recovered 1.5 ft, Length Retained 1.4 ft
7 IR
} N
T . B
i 1 D-8 Silty SAND with gravel, very loose, olive brown, wet, E
] ‘ I ' ¥ Homogeneous, no HCl reaction I S = 0
3 Length Recovered 1.5 ft, Length Retained 1.4 ft ~-:-“E—-:.
35— | | | @ S O =
T . |
B e
] | l ‘ ! :-:E:;:
| | l I 1 D8 Sitty SAND with gravel, with FeO2 staining, very loose, -
12 1 olive brown, wet, Homogeneous, no HCl reaction
3 Length Recovered 1.5 ft, Length Retained 1.4 ft
o NEREK
1 .
1 l l | DOT-50000157 ~
- I
l l ‘ 2 D-10 Sandy SILT with gravel, medium dense, olive brown, wet,
1 .
L 2 Homogeneous, no HCI reaction
l l l l 3 Length Recovered 1.5 ft, Length Retained 1.4 ft
45




HOLE No.

TH-1-99

PROJECT Eldon Slide MP322

LOG OF TEST BORING

Sheet 3  of 4
Job No.  XL-0749

A )
Washington State
'7’ Department of Transportation

SOIL XL0749~1.GPJ SOIL.GDT 10/1/99 2:30:45 P10

-] . —
£ € ° Slandan:d SPT '% g g i i§ €
£ 5 s Fenetration Blows/6"| 2| 8 ® § 3 Description of Material k] §
8 3 o Blows/ft gle 8 - 30 3
o 2 N JE| s 2 gl 2
ol P > 3 =
10 20 30 40
(6) :
‘ 10 D-11 Sandy SILT, dense, greenish gray, wet, Homogeneous, SN
23 no HCl reaction .
‘ 26 Length Recovered 1.5 ft, Length Retained 1.4 ft SO
49) sk
! ' l 1" D-12 Sandy SILT, dense, greenish gray, wet, Homogeneous,
l l ' I 20 no HCl reaction
: 33 Length Recovered 1.5 ft, Length Retained 1.4 it
= T )
I I |
’ I
># 12 D-13 Sandy SILT, dense, greenish gray, wet, Homogeneous,
T18 ( : ‘ ‘ ‘ ‘ 19 no HCl reaction ]
32 Length Recovered 1.5 ft, Length Retained 1.4 ft
- NEREL -
» RN |
> - )
‘ l l l 1 D-14 Sandy SILT, very dense, greenish gray, wet,
T . 20 Homogeneous, no HC! reaction
40 Length Recovered 1.5 ft, Length Retained 1.4 ft )
5~ L] e -
- R i
‘ ‘ ‘ | DOT-50000152
L IR
|5 , ‘ t ! ># 15 D-15 Sandy SILT, very dense, greenish gray, wet,

70

Homogeneous, no HCI reaction
Length Recovered 1.5 ft, Length Retained 1.4 ft




LOG OF TEST BORING

Washington State
) 77’ Department of Transportation
HOLE No. __TH-1-99
Sheet 4  of 4
PROJECT _ Eldon Slide MP322 Job No. _ XL-0749
‘ ]
= &l g = )
k= E o Standard . SPT | 2] 2 2’ * g 5
£ g B Penetration Blows6*| 2| 2 2| § 3 Description of Material 9 €
2 3 o Blows/ft N g| E 3 = 3| @
= Sl a e & £
10 20 30 40 J
i (65)
4 End of test hole boring at 70 ft below ground elevation. 1
This is a summary Log of Test Boring. Soil/Rock
12 descriptions are derived from visual field identifications -
and laboratory test data. L

—26

DOT-50000153

' r—24

SOIL_XL0749-1.GPJ SOIL.GDT 10/1/99 2:30:46 P10 .
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SOIL_XL0749-1.GPJ SOILGOT 10/1/99 2:31:05 P10

LOG OF TEST BORING

y ,
sl Washington State
'7’ Department of Transportation

HOLE No. _ TH-2-99
PROJECT _ Eldon Slide MP322 Job No. __XL-0749
S.R. 101
Station Offset C.s. 2303
Equipment  BK-81 w/ autohammer Casing HQx17.5 HW73.5 Ground EI _ 30.0 (9.14 m)
Method of Boring Wet Rotary
Start Date  August 26, 1999 Completion Date  August 27, 1999 Sheet 1 of 4
_ of . _ -
gl E |, Standard seT |H2 3|, 8| %
£ g B Penetration Blows/e'| 2| & 2 E i Description of Material § S
o 5 o Blows/ft gl e 8 + 3 %
a = N 1518 E e| 2
10 20 30 40 @ °
l | ’ l 1 {t.=0.3048 m.
{ 1] AR [
RUNES | -
11 D-1 Silty SAND with gravel, medium dense, wet, greenish
] } , } 10 - brown, homogeneous. 3
10 Recovered: 1.5 ft. Retained: 1.4 ft.
7 | I -
| V. '
[, | _
] 3 D-2 SILT with gravel and organics, medium stiff, wet, light
\ ‘ 4 | gray, homogeneous.
4 Recovered: 1.0 ft. Retained: 0.6 ft.
10.__3 l | (8) . C S
1 | I i
| g
i l Recovered A,B,C
15 | N
] l SILT, hard, wet, light gray, laminated.
s Recovered: 1.5 ft. Retained: 1.4 ft. " _1
- l DOT-50000154 i
_( I SILT, hard, wet, light gray, laminated. [
Recovered: 1.5 {t. Retained: 1.4 ft.
._e —

20




LOG OF TEST BORING

T Washington State
. B / Department of Transportation
HOLE No. _ TH-2-99 / 4
. Sheet 2 of 4
PROJECT _ Eldon Slide MP322 Job No.  XL-0749
—_ = d 8 6 = 3 -
g E a PSta"t ﬁ'tfd SPT |22 8 o @ g o
% 5 S enetration Blows/6'| 2| 3 ‘o a3 Description of Material 2 S
2 @ o Blows/ft 2 g 8 i | .8
<] 2 N (Bl g el 2
w 1G] =
(81
47 L
l 9 D-6 SAND with gravel, dense, wet, olive brown,
" homogeneous. i
L 15 Recovered: 1.0 ft. Retained: 0.9 ft. {
25— (26) L
1s L J

15 homogeneous. : ’
(15 Recovered: 1.0 ft. Retained: 0.9 ft. —
30) : -

10 —~
i
‘ | 18 D-8 SILT, hard, wet, light gray, laminated.
; 27 Recovered: 1.0 ft. Retained: 0.9 ft. %
T 30 : 1
' a5 (57 -

19 m D7 SAND with grave!, dense, wet, olive brown,

-
i J 13 D9 SILT, very hard, wet, light gray, homogeneous.
‘ P 29 Recovered: 1.25 ft. Retained: 1.0 ft. -
43 —
40— (72) |

DOT-50000155 r

— 13 —
> .
] # 16 D-10- SILT, very hard, wet, light gray, homogeneous.
- 32 Recovered: 1.25 ft. Retained: 1.0 ft. -
33

l —9

SOIL XL0749-1.GPJ SOIL.GDT 10/1/89 2:31:08 P10
1




I LOG OF TEST BORING 7 Washington State
Department of Transportation
HOLE No. _TH-2-99 ’
Sheet 3 of 4
' PRoOJECT Eldon Slide MP322 Job No. XL-0749
= £ Standard gl s = S| =
= ~ o ) SPT (2] 2 <zﬁ " 2 g
g 8 B Penetration Blows/6"| 2| 2 © E 2 Description of Material é g
® 2 a Blows/ft gle S5 - 3| %
8 | 2 N El &2 gl 2
10 20 30 40 @ ©
. (65)
1 L. . o
1 | ] |
. -
I | -
‘ 13 D-11 SILT, very hard, wet, light gray, homogeneous.
115 I ' l \ 26 Recovered: 1.25 ft. Retained: 1.0 ft. . _—
56 :
" SRR I
TR |
/ l ’ ‘ ‘ >+ 18 D-12 SILT, hard, wet, light gray, homogeneous.
' T ‘ ' , , 26 Recovered: 1.25 ft. Retained: 1.4 ft. ro
' . 25
NN -
1 I a
I
] 11 D-13 SILT, hard, wet, light gray, homogeneous.
—18 ‘ l | l l 15 : Recovered: 1.0 ft. Retained: 0.9 ft. r
) , 30.
NERRL L
ﬁ L j
' —19 —
=] 1 ‘ l l I >4 15.28 D-14 - - | SILT, very hard, wet, light gray, homogeneous. J
= 34 Recovered: 1.3 ft. Retained: 1.25 ft. ' -
2 62)
& 65 l ‘ l i
o | B
2 20 l ‘ I -
' S | _
&
gl 1 DOT-50000156 ]
l: ]
Q9 . v L
: ot
5 *_ 21 ‘ ‘ l ‘ 13 D-15 SILT, very hard, wet, light gray, homogeneous. _
' x .24 - Recovered: 1.5 ft. Retained: 1.4 ft. r
= 36
8L 70 J ‘ l ‘




LOG OF TEST BOR'NG Washington State
: '7’ Department of Transportation
HOLENo. _TH-2-99
Sheet 4 of 4
PROJECT _ Eldon Slide MP322 Job No. __XL-0749
[ - -
s | E| . Standard set 2235, i 3
< 5 = Penetration Blows/6* | @ % © E’ F'n'; Description of Material 2 S
g % o Blows/ft ~n |ElE 3 -~ 3| @
e = . ) 3 ok 3 <
10 20 30 40
{60)
i End of Test Hole Boring at 70 feet below ground
7 elevation. i
This is a summary Log of Test Boring. Soil/Rock
T-22 descriptions are derived from visual field identifications -
and laboratory test data.
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HOLE No. _ TH-3-99

PROJECT Eldon Slide MP322

LOG OF TEST BORING A

Washington State
v’, Department of Transportation

Job No. _XL-0749

SOIL_XL0749~1.GPJ SOIL.GDT 10/1/99 2:31:26 P10

S.R. 101
Station Offset C.s. 2303
Equipment  BK-81 w/ autohammer Casing HQx17.5 HW73.5 Ground EI _ 30.0 {(3.14 m)
Method of Boring Wet Rotary
Start Date _ August 23, 1999 Completion Date  August 26, 1999 Sheet 1 of 4
= &le = 5
£ E o Standa@ sPT |5 2 g - §
£ i B Penetration Blows/6*| 2| & 3 E 4 Description of Material °
© B o Blows/it gl £ 8 e . 2
o = (N) Els & 2
Slo = 1}
10 20 30 40
l [ l ' 1 f£.=0.3048 m.
4 BN “
T4 j ! ' 1 21 D-1 Silty SAND with gravel, dense, moist, light brown, -
15 homogeneous.
. 1 Recovered: 0.1 ft. Retained: 0.1 ft. F
LT e
ol Vi 3
» ]
* N ‘
T l l | l 7 D-2 GRAVEL with sand and silt, subangular, very loose, -
2 moist, light brown, homogeneous.
. I I I | 2 Recovered: 0.1 ft. Retained: 0.1 ft. -
(4)
ot I -
' (. ’
T4 ‘ ' l l I 1 D3 SILT with organics, soft, moist, light gray, homogeneous. |
| l I ‘ ‘ 1 Recovered: 1.0 ft. Retained: 0.9 f.
1 -
@
o I -
R ]
T U4 Recovered: A,B,C,D L I
| ' l l | ] ‘DOT-50000158 ]
=i L]
L 20

Instrument




SolL XL6749-1.GPJ SblL.GDT'WMIQQ 2:31:27 P10

LOG OF TEST BORING

Washington State

A
/4

Department of Transportation

HOLE No. _ TH-3-99
) Sheet 2  of 4
PROJECT Eldon Slide MP322 Job No. _ XL-0749
— 2 S -— o
g ] Ef . Standard st |S23| g §
£ g s Penetration Blows/6" | 2 2 2 g 3 Description of Material e §
o s o Blows/ft gl E S = 3 3
a = (N) G| 3 £ e c
175 & £
10 20 30 40
2 D-5 (20'-21'3") SILT with organics, medium stiff, light gray,
l ' l 3 homogeneous.
4 3 (21'3"-21'6") Silty SAND, loose, greenish gray, r
L l ‘ l {6) homogeneous. §
| Recovered: 1.5 ft. Retained: 1.5 ft. |
|, N |
5 D-6 Silty SAND with organics, medium dense, greenish gray,
7 homogeneous.
. 7 Recovered: 0.1 ft. Retained: 0.1 ft. -
R A +
gl AT |
S -
1 l l l l u-7 Recovered: A,8,C,D,E -
» AN
30— - |
I I l I 6 D-8 SILT, very stiff, moist, light gray, laminated.
i i Recovered: 1.5 ft. Retained: 1.4 ft.
4 14 -
| l l | (25) 1
..— 10 B —
l l l ‘ 8 D-9 ST, very stiff, moist, light gray, laminated.
1 Recovered: 1.5 ft, Retained: 1.4 ft.
i ; .16 T
| R I _
- T -
IR -
- ] -
[ | lel || J
8 D-10 SILT, very stiff, moist, light gray, laminated. i
\ ‘ ‘ \ 1 Recovered: 1.5 ft. Retained: 1.4 ft.
. 14
L12 {25) % 7]
- A N
T ' l ' - - - - o4
‘ l ] l DOT-50000159
I AR - il
10 D-11 SILT, hard, moist, light gray, laminated. I
4 ‘ l l ‘ 14 Recovered: 1.5 . Retained: 1.4 ft.
20 : -
L ® '




LOG OF TEST BORING

A
/4

Washington State

Department of Transportation

SOIL _XL0749~1.GPJ SOIL.GDT 10/1/99 2:31:28 P10

HOLE No. _ TH-3-99
Sheet 3  of 4
PROJECT Eldon Slide MP322 Job No. _XL-0749
= € ]7 Standard SPT 3 s 3 g =
= ~ K] . [ " g @
= ® = Penetration . 2 Zila 37 ot i 5 €
=3 g E Blows/it Blows/6 :é’ s _§ ] K Description of Material g 2
o s (N) S| 8 = <] 2
. wn| » I £
10 20 30 .
114 ‘ l l _
1 o
7 10 D12 SILT, hard, moist, light gray, laminated.
l 16 Recovered: 1.5 ft. Retained: 1.4 ft.
T ' 2
NEREE -
N L I
. .
1 l I l 13 D-13 SILT, hard, moist, light gray, homogeneous.
20 Recovered: 1.5 ft. Retained: 1.4 ft. ]
1 24 Y
] (@) | 2
] . ‘T "
17 ‘ -
I AR
i ‘ { i 13 D-14 SILT, very hard, moist, light gray, homogeneous.
19 Recovered: 1.5 ft. Retained: 1.4 ft. = .
el e
(61) —1
0 . -
l ‘ l 11 D-15 SILT, hard, moist, light gray, homogeneous.
l ! l 20 Recovered: 1.5 ft. Retained: 1.4 ft.
T 39 : :
. (59)
. -
B . 1 i
DOT ¢ AN o
1 R T-500007 60 -
{ ]
14 D-16 SILT, very hard, moist, light gfay, homogeneous.
’ l ' 3 Recovered: 1.5 ft. Retained: 1.4 fi.
21 42 |
. =

70




HOLE No. _ TH-3-99

LOG OF TEST BORING

Sheet 4 of 4

A ,
Washington State
77 Department of Transportation

SOIL XL0749-1.GPJ SOIL.GDT 10/1/99 2:31:28 P10

PRoJECT _ Eldon Slide MP322 Job No. _ XL-0749
—
= € o Standard SPT é’g = 3| E
:c_' @ = Penetration Blows/6® ol e i 4 2 Description of Material 3 g
o 3 L= Qa c =
g g8 : Blows/ft W 3 % g s }E escription o atena S 3
o 1 N g,‘,,“ e 5 g
» 0]
10 20 30 40
L End of Test Hole Boring at 69.5 feet below ground
| ( ‘ ' elevation.
] This is a summary Log of Test Boring. Soil/Rock
’ I l 1 descriptions are derived from visual field identifications
12 ‘ ‘ l | and laboratory test data. T
75— —
- I .
. . )
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1 I
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T .
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PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466

RECORD OF BOREHOLE GA-1

BORING LOCATION: South Line, Middle Hole

SHEET _1_OF _3_
DATUM: MSL
BORING DATE: 5/17-18/99

— =y o
E 0 SOIL PROFILE SAMPLES il biiag ik PIEZOVETER
w | w o 20 3 40 50
= g o ELEV. T BLOWS / 15.2cm £ L

T
E £ DESCRIPTION o |%s é w | 63.5kg hammer N g WATER CONTENTPERCENT WATER
o S § € 5| peprn 3| = 70.2cm drop ot Wp‘- , S YW LEVEL
[, 44.2m L L -
Loosa to very loose, light olive brown, 0.0m PVC Stickup 36.6cm / ?
nonstsratified, silty fine to medium SAND, trace Bentonite _/ /
to little gravel, trace organics (rootlets), moist Chips / /
(TRANSITIONAL LANDSLIDE DEBRIS) / /
714
717
1Y
717
71%
e
PVC /]
Casint / /
______________ _424m | 1 | ss 122 4 |30.50m Iy ?
5 Very looss to loose, light ofive, laminated to 1.8m 45.80m / /]
massive, fractured, SILT to CLAYEY SILT, trace / /
organics, grades downward to fine sandy SILT, / /
moist to wet (TRANSITIONAL LANDSLIDE / /
DEBRIS) iy 4
1%
1
1Y
5 "y
719
2 | ss 2.2-2 4 34%?6# /ﬂ
.8Cmy
s
917
.
A T _402m | vy
8 | Loose to compact, light olive, massive to faintly 4.0m / /
§ | laminated, fractured, fine SAND, little to some ] /
§ silt, trace organics, with interbeds of SILT, some / /
& | fine sand, wet (TRANSITIONAL LANDSLIDE 1 L]
£ | DEBRIS) . 7 9
S 3 |ss 332 5 |27.5emd ] /]
E 45.8cm) / /
s ES ?" ?
7
1Y
715
/ 4
Ar
L s Y /]
A
4 |88 365 11 |27.50m) [ /] //’
45.8cm / /
714
27
| ] L]
217
215
/]
L/
v
5 | s§ 457 12 |%05mi n 1] /
-8 45.8cm|
714
1
1Y
7%
71
____________ _354m | ] ?
9 See description on next page. - . - 8.8m /] ]
Log continued on next page 2

DRILLRIG: Burley 4500

DRILLING CONTRACTOR: Crux

DRILLER: HundahVJ. Salisbury

LOGGED: FSM/JDC

CHECKED:
DATE: 2/7/2000

DOT-50000162

Goldgr




L]

PROJECT WSDOTMMP 322 RECORD OF BOREHOLE GA-1  SHEET -2.OF 3.

Landslide/WA DATUM: MSL
BORING LOCATION: South Line, Middle Hole
PROJECT NUMBER: 993 1466 BORING DATE: 5/17-18/99

o [a) ISTAN

g1¢ SOIL PROFILE SAMPLES PENETRATION RESISTANCE |

5l E BLOWS/FT. GRAPHIC

- 5 o | EEv . BLOWS / 15.2cm £ 9 10 P 4 30

E|2 DESCRIPTION a z © £ i | 635k hammer N g WATER CONTENTPERCENT WATER

- —_—

u 8 2 5 9| DEPTH 3 = 'cm drop E Wp wi LEVEL
Siff, light olive, nonstratified to faintly laminated, | CL- 1
mottled in places, slightly FeOx stained, SILT, ML 6 | ss 346 10 ]33.60m) '] Bantonte 17| [/
ranging to CLAYEY SILT, wet (TRANSITIONAL T prpo Thonte 1A 7 J
LANDSLIDE DEBRIS) / /

/ 4
- 17
- 10 [ |
___________ | ] stam | A
Fimm to stiff, olive gray, massive, fractured, cL A4 10m / /
mottled, CLAY ranging to SILTY CLAY, moist to A / B
wet, contains hard, angular clasts of clay to 1 cm ¥ 7z asacc}r‘n Lg. —é /
diameter, contains polished planar surfaces . PVC / n
oriented approximately perpendicular to sampler ~A Casing & /
axis (GLACIOLACUSTRINE LANDSLIDE Fljlj 7 ss 3.3.5 8 |36 " / /
L 41 DEBRIS) ,’/ 45.8cm /] ; 1
22 % ?’ ]
7z 7178
A7
iy
/7 ] 0
- 12 i i / /
. . 1
12.2m: Becomes stiff to very stift / / /
2 A 8 | ss 369 15 |6 ] /// ]
f 45.8cm| / ;
7 0
22 _31.3m /] ?
13 V- — — — — — - —— ] == //
Hard, olive gray to dark gray, massive to CL K.ALs 12.9m / i
5 laminated, jointed, SILTY CLAY to CLAY, trace ! / /
g thin (<2 mm) fine SAND laminae, moist to wet at V' / / / |
g 13.7m becoming damp to moist by 16.8m )Z % ]
< {GLACIOLACUSTRINE OLDER LANDSLIDE sy /
= | DEBRIS) - ﬁ / -
K ppen: 4.5 tsf -~
L 14 S vy 9 | ss 13-25-30 55 | 45.8cmd ¥ ) & ]
£ v 45.80m /] %
A 1
o, 1%
i ZI78
L 15 »fyL % ;
15.3m: Observed a 2 cm thick zone of - % ; T
polished angutar hard clay clasts tightly - 7 10 | 88 13-23-31 54 |45.8cm / /
arranged in sample Zz 45.60m| / / k
2 21
: ,*/’{? ] ] 1
v 2%
: 2150
K4 / /
7 -
-17 : ’ ,/14 11 | ss 12-22-29 51 [45m B [ ; |
7 ] 417
o ? ]
- £ A /
a4 / J
______________ o7 264m | 17
See description on next page MH /‘ 17.8m / /
- 18 L R
Lo§ continued on next page ] ] 4 /, 1

DRILLRIG: Burley 4500 LOGGED: FSMUDC DOT-50000163 i

DRILLING CONTRACTOR: Crux CHECKED: ,. Golder

DRILLER: Hundahl/. Salisbury DATE: 2/7/2000




PROJECT WSDOT/MP 322
Landslide/WA

SHEET 3 _OF 3 _
DATUM: MSL

RECORD OF BOREHOLE GA-1

DRILLING CONTRACTOR: Crux

DRILLER: HundahlJ. Salisbury

BORING LOCATION: South Line, Middle Hole
PROJECT NUMBER: 993 1466 BORING DATE: 5/17-18/99
o | 8 PENETRATION RESISTANCE
o
E' 2 SOIL PROFILE SAMPLES BLows/FT. B PIEZOMETER
ElE 0 10 20 80 40 50 GRAPHIC
| = o | ELev - BLOWS / 15.2cm L L L .
;:’ [v] T 1w N E WATER CONTENT,PERCENT
El 2 DESCRIPTION AEL) 2| w| eask ha&nmer £ vl W Wi WATER
T 70.2 ~ !
T 2 |59 veeH | 3| F cm drop 0 20 40 60 80 100 “EVE
Firm, dark gray, weakly stratified, fractured, MH n V1
polished SILT, littte sand sized hard angular clay 12| ss 3-4-4 8 |427em 3
clasts, soft and disturbed from 18.6m to 18.8m, - 45.8¢m, 23 396 52 / b
moist to wet (GLACIOLACUSTRINE OLDER Bentonte —] / /
LANDSLIDE DEBRIS) S 1] ; i
19 /] %
____________ L _250m | bV
Hard, medium gray, weakly laminated, CLAY, CH 18.2m aopvc [ /] ] 1
trace 1o little fine to coarse subrounded sand, Casing / /
trace fine subrounded gravel, occasional thin / / h
(~2.5cm) SAND interbeds, moist I/ "
(GLACIOLACUSTRINE DEPOSIT) / / -
L 20 ppen: >4.5 tst - [ 0
13| 88 13-45-38 83 |45.80mf i (A |
45.8cm 26 291 59.
10-20 —
Silica
Sand
21
14 | ss 13-27-55 82 |as.8em] L
45.8cm)
|- 22
8
s AA
B 22.6m
2 615199
o .,
£
- 23 2 F L
o y 15 | sS 12-29-42 71 |a58cmf
E 45.8cm|
z LA
3.8cm —|
L 1.0. Sch.
40PVC
Screen -
z Hand
24 Slotted
16 { SS 32-35-33 68 | 0.0cr
45.8cm|
25
26 17 | S8 21-33-50 83 |45 -
17.9m 46.8em
Total depth 86.2 ft bgs 26.3m
Note: Poor boys inclinometer installed in boring. 1
- 27 ]
DRILL RIG: Burley 4500 LOGGED: FSMUJD” =

DOT-50000164
CHECKED:

DATE: 2/7/2000




. v 1 1
PROJECT. WSDOTMMP 322 RECORD OF BOREHOLE GA-1A  SHEET -LOF L
Landslide/WA DATUM: MSL
i e
|ﬁ_ % SOILPROFILE SAMPLES P NETR;\Z‘(I;‘)“TSI;('EEIETANCE PrezouETER
g 2 o | EEV | o BLOWS / 15.2cm e 9 . 20 P 49 9
£ElE DESCRIPTION @ go § w | 63 5g hammer N S WATER CONTENT,PERCENT {\[/_:AJ:E
4|8 @1 GQ OEPTH | 31 = | 7620m drop o wpr———H———1wi
Lo 14.2m .
i i 0.0 )
Dot S G Tor cmaed s PVC Stickup 42 7cm Bentonto—t A 1]
descriptions. Chips / L] |
914
3.8 / / |
1D. Scb ]
B A ﬂ ]
.Riser 4 /. ]
% e
2140
-2
-3
-4
g
8
=3
8
| 5 %
L6
7
36.4m
5 Boring termnatgd at 25.8' below the surface 7.9m
|
[,
DRILLRIG: 2500 LOGGED: J0C DOT-50000165 i
DRILLING CONTRACTOR: Crux CHECKED: , Golder
DRILLER: N, Safisbury DATE: 7/15/99 , Associates




PROJECT. WSDOT/MP 322 RECORD OF BOREHOLE GA-1B SHEET 1.OF.3

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: South Line, Middle Hole BORING DATE: 5/23-24/99
s | e PENETRATION RESISTANCE
:é:; '9_: SOIL PROFILE SAMPLES i BgOWS/F:JT. [ ] . S:IE%S\LAE;I(-;ER
uzJ %’ [¢] ELEV. . BLOWS/ 15.2cm £ ? L 4 g 4
= (o] T w N
= DESCRIPTION o | & ol w < WATER CONTENTPERCENT WATER
B |E8| oeem | 3| £ | Tommans B w————w | O
n 24.2m _ I - W
Speed drilled to 18.3m to install inclinometer. See 0.0 :Xi%ﬂ;ﬂ?ﬁgg{/‘v Lima/Cement —
log of GA-1 for stratigraphy. Grout / /
. / g
1A T
5.7cm Slope P
Incinometer / ? |
- Casing / /
4 ]
4 Iy
]
1%
219
11
11
|2 / / |
; A
' ]
]
1%
10 -
I
X A
A
/
17
1%
2158
4 1 [
= Y%
2170
2 1 1A 4
2 1%
z 110 ]
(&) / /
K 1
210
717
A
]
1%
1%
oy
-6 / / -
9"y
7
4 L]
1 |
1%
1%
-7 / /--
Y
V11
717
/A 1]
]
1%
1L
| ¢ 1 ¢
104
219
Z178
]
oy
A1
;gA 94 / ]
" | Log continiied oh next page g%
DRILLRIG: 2500 LOGGED: JDC DOT-50000166 i
DRILLING CONTRACTOR: Crux CHECKED: % = Golder
Associates
DRILLER:  S. Walker DATE: 7/16/99




PROJECT. WSDOT/MP 322 RECORD OF BOREHOLE GA-1B  SWEET -2 OF 3

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: South Line, Middle Hole BORING DATE: 5/23-24/99
7} 8 PENETRATION RESISTANCE
é % SOIL PROFILE SAMPLES BLOWS/FT [ P'gﬂg&,{fn
2 = o | eev | g| |Bows/iszem £ g 10 P P 49 %
E £ DESCRIPTION ? é © § & | 63.5kb hammer N S WATER CONTINTPERCENT WA\I&E
u 2 a & S| DEPTH 2| £| 76.2cmdrop e WD"_'—_"W—’ wi LE
LimzCeJ‘nem —a
=
]
5.7cm Slope:
- 10 Inc(l;:cs)mter B: |
1A |
]
1
] .
4
1
%
11.3m: Drill action indicates clays - fluid color é
changas to gray
g
7
L 12 11.9m: Fluid retum drops off % 1
]
A
12.5m: No fluid return j ]
/
13 /]
L]
5 ]
/
< 104 ]
F 4
L1a | 8 ﬂ
]
; /
a
/
15
]
"y .
-V
]
/
[
16 ]
/
/
- 17 é
%
/
”
/ |
/ N
18 7
o
" | . Log continued on next page :
DRILLRIG: 2500 LOGGED: JDC DOT-50000167 i
DRILLING CONTRACTOR: Crux - - CHECKED: g’f F Golder
Associates

DRILLER:  S. Walker DATE: 7/15/99




PROJECT: WSDOTMP 322 RECORD OF BOREHOLE GA-1B  SHEET 3 OF 3

Landsllde/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: South Line, Middle Hole BORING DATE: 5/23-24/99
g § SOIL PROFILE SAMPLES PENETR;\EIOOVCJS};{FE[SI gANCE PzouErEs
=t
5% o | EEY | o BLOWS / 15.2¢m . P » P 9 %0
= [0} I . w N
E | 2 DESCRIPTION w | & 8l w g WATER CONTENT,PERCENT WATER
é § § 5(99 DEPTH § E Giézir:a::;er ;La Wpr——-—dy———i wi LEVEL
Lime/?::‘nenl—é 4
2178
17R
19 W [/ ﬂ ]
Casing /1 /
Iy ]
v
1%
0
AU
11
24
1A -
%%
L 21 / / ]
1%
é /// J
L]
A
2178
- 22 / ’//‘
09
2178
H V%
: 7178
L2z | @ “ 5
S A
¥ :; 4
¢ 2 W
. !
L 04 ( é‘ |
-
%
A1 |
71
4
|- 25 / / w
717
104
/7
1A
18.3m J—ﬁ/’
26 Boring termnated at 25.9m below the surface 25.9m
L 27
DRILLRIG: 2500 LOGGED: JDC DOT—30000168 ‘ ‘i
DRILLING CONTRACTOR: Crux CHECKED: ,- Golder

DRILLER: S. Walker DATE: 7/15/99 -
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PROJECT: WSDOT/MP 322
Landslide/WA

RECORD OF BOREHOLE GA-2

SHEET _1_OF_3
DATUM: MSL

PROJECT NUMBER: 993 1466 BORING LOCATION: South Line, Lower Hole BORING DATE: 5/17/99
o a
g ]¢e SOIL PROFILE SAMPLES PENETRATION RESISTANCE
g 2 BLowsn-;n ; 5:'&2&,","5&5”
-3 2 o | eev | o BLOWS / 15.2¢m £ g 1 P P 4
I ul N
T = o @ < WATER CONTENT,PERCENT WATER
& T DESCRIPTION 3 =8 S| H | 63.5kghammer S LEVEL
a 2] B |G PEPTH | 21 | 76.2cm drop o« Wp, ) Wi
o 30.0m | . ]
- — - )
Loose and stiff, gray, SILTY CLAY and silty fine cyv _ Q.0 PVC Stickup 68.60m /
to medium SAND, moist to wet (LANDSLIDE SM 4 Bentontie —| /
DEBRIS) 7 Thonte 1/ i
; 1]
. :// |
Al li"/ ? 1
7f1 3.8cm D, —')'7j 1
7 Y
rﬁ Casin: / J
71
i
2 e )
[ 21.dcrv]
o 1] ss 236 g pldem //; |
v 0
e ]
s 1] i
3 )] - - - - ] | A 269m /] -
Hard, mottled gray and brown, stratified to CL =~ 3.1m /
nonstratified, SILTY CLAY, some gravel, damp to ray, J /
moist (GLACIOLACUSTRINE LANDSLIDE 7[4 / 7
DEBRIS) —7;% 2 | ss 10-17-25 42 [oom ] /// |
i a 10 ]
] I~
: i Zi7R
2 s ’
o —
£ 7 #
o e /
o B Z / -
5 E ) aem | 2 | S8 5013 >50 |15 8 é
N_Ve.ry_den_se and ljl:rd.zn;bm—wn,—;te;edd_ed,— " sw Ko s2m oo _
SILTY CLAY and fine to medium SAND, some | CL E] 1020
silt, some gravel, damp to-moist A Sand
(GLACIOFLUVIAL DRIFT) ,L_..:
6
24.4cmv/ L—»
4 Ss 16-16-49 65 45.6em
#T/ery—dege,;ov;n_, n;st;tifie?, s@iin_eu;— T om 1 3.8cm 1.D. —]
coarse SAND, little to some fine to coarse gravel, Sg'\\/éo
-7 moist (GLACIOFLUVIAL DRIFT) Screen -
2.54mm
Slot
" 45.8cnv|
. 5 | ss 15:30-38 68 [458cm |
9
Log continued on next page
DRILLRIG: 2500 LOGGED: MS DOT-50000169 ‘i
DRILLING CONTRACTOR: Crux CHECKED: é;é F Golder
DRILLER: 5. Walker DATE: 7/15/99 -




' SHEET _2 OF _3
PROJECT WSDOT/MP 322 RECORD OF BOREHOLE GA-2
L andslide/WA . DATUM: MSL
PROJECT NUMBER: 993 1466 BORING LOCATION: South Line, Lower Hole BORING DATE: 5/17/99
o [=]
& o IL PROFI PENETRATION RESISTANCE
i SOLPROFLE SAMPLES [ PIEZOMETER
o = BLOWS/FT.
w w 0 o o o g GRAPHIC
s 5 o ELEV. < BLOWS / 15.2cm . L\ 20 3 4
|z z w N | &
E z DESCRIPTION 2 E o 2| w! 6askghammer g WATER CONTENT,PERCENT tv;g:r
a8 2 @ |1 6Q DEPTH | 2| > | 76.2cmdrop u wpr——H——w E
Very dense, brown, nonstratified, silty fine to SM
coarse SAND, little to some fine to coarse gravel, 6 | ss 36-45-60 105 {397
moist (GLACIOFLUVIAL DRIFT) 45.8cm
- 10
" 7 | ss 20/29/37 86 |2e
- 12
8 | ss 31-50/3 >50 {3pom
- 13
S
2
<
€
<
g
& 24.40mm|
14 E 9 | SS 40-45-50 95 |458cm
T
- 15
30.5¢mv|
10 | 88 26-40-33 73 [
- 16
| 21.4crry/|
17 11 | ss 14-15-19 34 [iseem
- 18
Log continued on next page ) ) .
DRILLRIG: 2500 togeep: M pOT-50000170
" DRILLING CONTRACTOR: Crux CHECKED:
DRILLER: S. Walker ' DATE: 7/16/99 ) o




PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466

RECORD OF BOREHOLE GA-2

BORING LOCATION: South Line, Lower Hole

SHEET 3 OF _3_
DATUM: MSL
BORING DATE: 5/17/99

DRILLER: S. Walker

DATE: 7/15/99

DOT—5000é171 | Goldgr

o [=]
2 o SOIL PROFILE SAMPLES PENETRATION RESISTANCE
E .3_: BLOWS/FT. PIEZOMETER
] ] GRAPHIC
= | = o | ELEV - BLOWS/ 15.2cm 10 A
N g
E Z DESCRIPTION 9 %e é w | 63.5kg hammer WATER CONTENTPERCENT WATER
38 | 8 % | &S| oePtH | 2| ¥ | 7e2emarop Wo LEVEL
§ Very dense, brown, nonstratified, silty fine to o 12
S | coarse SAND, little to soma fine to coarse gravel, 12 | ss 20-21-20
§ moist (GLACIOFLUVIAL DRIFT) 11.2m
& | Total depth 18.8m bgs 18.8m
@ | Note: Poor boy inclinometer installed in boring. 1
L 19 (&7
s ]
L 20
- 21 i
| 22 ]
L 23
» w
= 5 -
- 26
L 27 .
DRILLRIG: 2500 LOGGED: MS
DRILLING CONTRACTOR: Crux CHECKED:




PROJECT WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-3

BORING LOCATION: Middle Line, Upper Hole

SHEET _1_OF 8
DATUM: MSL
BORING DATE: 6/7-9/99

DRILLER:

g § SOIL PROFILE SAMPLES PENETRATION RESISTANCE |
é E o | mev - BLOWS/ 15.2cm 1 x%a;.owsg;r 4 g0 SHAPHIC
= | 2 DESCRIFTION @ ; 8| w/{ easkghammer | " & WATER CONTENTPERCENT WATER
b S 3 Z 8l peprh § = | 76.20m drop @ wpr——H———w LEVEL
» 88.2m .
s P bl * P posar i/l
a7
107
1%
! AR
L]
7
iy
Lima — 7] L]
et V1
1%
A0
, 721
[ |
, 10
715
1A
715
1A -
/
, ZZa
| V]
2178
]
219
10
7%
" 7 7R
5 217
2 2178
21%
g 72178
L, | 717
2 717
Z17R
7178
7%
21%
110 1
219
-6 / / ~4
272
717
1
1%
715
-7 / / 7
71%
0
21y
Z178
]
71
| 00
: 1%
0
71
1%
107 1
7
, 1
Log continued 6_n_ next page .
DRILLRIG: Burley 4500 LOGGED: CAV DOT-50000172 ‘i
DRILLING CONTRACTOR: Crux CHECKED: é;f F Golder
Associates

DATE: 7/15/99




PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-3

BORING LOCATION: Middle Line, Upper Hole

SHEET 2 OF 8
DATUM: MSL
BORING DATE: 6/7-9/99

SOIL PROFILE

PENETRATION RESISTANCE

DESCRIPTION

DEPTH (METERS)
BORING METHOD

| | PIEZOMETER
BLOWS/FT. GRAPHIC
20 3 40 50

WATER CONTENTPERCENT WATER
wor———w LEVEL

uscs
GRAPHIC
NUMBER
REC/ATT

TYPE

-r1s

- 10

11

F12

- 14

HWT Casing Advancer

|15

16

17

N

5.7¢m Slop
Inclinometer
Casing

Lime/ =
Cement
Grout

AEMAETHTTH P T HE AT T T AL
L L L L L s L s N . L L ] 1 s s " L N L L . L L L

AATAEAETTTH TG T T H TP GGG LRSS LLSS SR SRSR

" | -Log continued on nexi page

DRILLRIG: Burley 4500
DQRILUNG CONTRACTOR: Crux
DRILLER:

DOT-50000173

, Golder




PROJECT. WSDOT/MP 322 RECORD OF BOREHOLE GA-3  SHEET 2.OF8_

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: Middle Line, Upper Hole BORING DATE: 6/7-9/99
% é SOIL PROFILE SAMPLES PENETR;PC?V': s’;fr_s'iTANCE PIEZOVETER
" o |ae | . BLOWS / 15.20m 0 20 3 4 &0
£ % DESCRIPTION 9 éo § w | 63.5kg hammer N % WATER CONTENTPERCENT mgf
% g g %9 DEPTH % = 76.2cm drop u wpr—-—tw——-—-t wi
o FAVY
'§§ fﬁgﬁ:‘o;mer /
05 Casing N
3 7 /
T . / / ]
19 " ]
2SR
21%
10
71%
_Lime/—/ L]
e VA1
- 20 ] L]
7%
e
719
21%
0
717
- 21 /] [~
A7
25N
7178
0
|- 22 ) / / h
1%
A
5 "y
72178
g SI7R
2 oy
L 23 a / /
3 s L] ]
g : é %
9V
2%
717
Zi7n
2 1%
. ? ? i
1%
0
2198
25 717
1%
107 -
219
0
/
2
" 7
1 ]
i
1
0
i 1]
: o
nt
Log continued on next page ]
DRILLRIG: Burle: LOGGED: CAV DOT—BOOOVO 174 =
y 4500
DRILLING CONTRACTOR: Crux CHECKED: = Golder

DRILLER: DATE: 7/15/99




4 OF8
SHEET _4_
-3 _
LE GA
REHO
RECORD OF BO
2
: WSDOT/MP 32
PROJECT. W

: MSL
- 6/7-9/99
E:
G DAT
BORIN
Hole
ine, Upper
i Line,
OCATION: Middle
R 300 BORINGL
a
66.
: 993 14
MBER:
CTNU
PROJE

ER
CE PIEZOMEI'E:
RESISTAN Ezoue
PN ows/rr B o o H
- WATE!
o i 110 z:,)NTENT,PERCEh:;I ey
R
OWS/ 15.2cm " E - é
Bl : . e- '
[ mmer g 5A79ms&per / |
. s, — & g | Sk nam e () %
: 3 S 76.2 / / -
| 8 %0 DEPTH 2 t / /
@ Q o | 8 / / -
EI E IPTION g g / /
m o DESCR / /
T A0 ]
T 2 / /
| me =0/ |
G anniﬂ / /
Grout / / |
9y
10
10 |
Yy
04 |
- 28 / /
V10 |
iy
Yy
. ; 9, |
10 |
29 / /
Yy
2R
Yy
1
1%
Yy
Yy
- 30 / /
17
Yy
11 ]
Yy
oy |
Yy
2198
31 / /
Ny
11 ]
5 / /
e // _
g / /
2 | /
21 //-
5 / /
8 2158
ey / /
110/ |
Yy
vy _
33 /// ?
11 ]
Yy
0 |
Yy
Yy
04 |
-34 - / /
158
“
2178
217
35
l-36
—
Log continued on next p
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PROJECT WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-3

BORING LOCATION: Middle Line, Upper Hole

SHEET 5 OF 8 _
DATUM: MSL
BORING DATE: 6/7-9/99

‘?JI\ § SOIL PROFILE SAMPLES PENETRATION RESISTANCE
g E o | ELEV o BLOWS/ 15.2cm 10 Ewsg;t 10 5: GRPmC "
E % DESCRIPTION o |, €] w saskghammer nE WATER CONTENTPERCENT WATER
) 2150 oeemn | 3| F| 76.20mairop 21w Wi LEVEL
- e 17 0
3 2 2 }
717
A0
o
38 Lime/ —/ ?
et V1
219
7
0
39 /’/// ? 1
0
)
L1
215
- 40 ] 1
1%
11
71
i
k41 2 ‘ ///'
? 7178
: 2
o 1
I : / vy
10
1%
2 298
1%
1]
217
1%
0
7178
i
1%
1%
0
104 |
-« 07
7R
1%
Zi7h
7
fe 2 g _
217k
- a7
Log continued on next page
DRILL RIG: Burley 4500 LOGGED: CAV DQT—5'0000176 ) i‘
| DRILLING CONTRACTOR: Crux CHECKED: .- Golder
DRILLER: DATE: 7/15/99 Associates




PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-3

BORING LOCATION: Middle Line, Upper Hole

SHEET 6 OF 8 _
DATUM: MSL
BORING DATE: 6/7-9/99

SOIL PROFILE

SAMPLES

DESCRIPTION

DEPTH (METERS)
BORING METHOD

ELEV. BLOWS/ 15.2cm 10

PENETRATION RESISTANCE

PIEZOMETER

BLOWSAT s GRAPHIC

20 3P 4

63.5kg hammer
76.2cm drop

uscs
GRAPHIC
NUMBER
REC/ATT

Wp

TYPE

o]
S| DEPTH

WATER CONTENTPERCENT

WATER

wi LEVEL

46

| 47

48

L 49

50

51

52

53

HQ Casing Advancer

<

5.7cm Shof
Inclinometer
Casing

Lime/ ~—
Cement
Grout

Al T T T s T T T T T T Tttt sttt Sttt Rt LRSS,
) : " s 2 " s L 2 L " L | : 1 s s " L 1 : L L " L

AT AL AL LI C LA LA A LA R A LRGN S

~ .| Log'continued on next page -

DRILLRIG: Burley 4500
DRILLING CONTRACTOR: Crux
DRILLER:

LOGGED: CAV DOT-50000177
CHECKED:

DATE: 7/15/99




-

8
7 OF 8
SHEET
A-3 : MSL
G DATUM: }
i ING DATE: 6/7-9/
CORD 0 Ie BOR METER
RE . : Upper Ho 1ON RESISTANCE PIEZH%PHIC
OT/MP 322 ATION: Middle Line, PENETR;IOWSH : =T
: WSDO N | qo . TER
PROJECT: WD O A 1466.300 BORING L i — QZNTENT,PEHCENT -
' : - i IATER C "
OJECT NUMBER: 9 — = w |
PR PROFILE - - 8 :
SOlL ELEV. ] 63.5kg ha 2 W —t -
o : g gl w 76.2cm drop Iﬁdé:gmgte / /
g g 8 Eg DEPTH % t 4; -
E g DESCHRIPTION (:,; 5 / / -
£|s //
£z //
| 7178
0 /]
ime/ —/ / ]
| CLelmenl / /
Grout / / |
219
215
0 ]
%
2178
1%
|- 56 / / -
1%
9"
110
Yy
ey ]
717
7 / -
I 5 / /
7%
0 ]
"y
72178
2%
1%
|- 58 / / _
"%
71%R
21
A1 |
1%
1%
A0
- 59 5 / /
nZIZe
B / /
= | /—
.§ ;; ?
o // 1
| 7
- 60 /// -
778
1%
A0
219
|- 61 & ’K/ _
Ny _
%
1%
1 ]
1%
%0
21%
| 2158
7 [
- 63
60060178 S
ST-50000 »
' DOT-50 ?
' LOGGED: CAV |
next page D:
) continued on =
_64 : . DATE: 7/15/99
: Burley 4 |
I:"“LLmG.I:ONTRACTOR: Crux
DRILLING
DRILLER:




PROJECT: WSDOT/MP 322

Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-3

BORING LOCATION: Middle Line, Upper Hole

SHEET 8 OF 8
DATUM: MSL
BORING DATE: 6/7-9/99

DRILLER:

DATE: 7/15/99

g é SOILPROFILE SAMPLES PENETRATION RESIETANCE OIEZOMETER
g g o | mev | ¢ BLOWS /15.2cm :éowsg g0 CRAPHIC
E % DESCRIPTION a %c § w | 63.5kg hammer % WATER CONTENTPERCENT WATER
u 2 @ |G Q| DEPTH | 2f | 762cmdrop g wi LEVEL
I 64
W /// 78
a1
104 T
71
s 7198
7%
0 |
715
Limey —*] ]
Coment V1]
714
10 -
A7
7R
21%
10 1
717
1A
7%
67 iy L]
1%
0
1%
"R
1%
- 68 /// 75
%
5 717
g 7178
% - A
< / / .
g 1%
8 7158
e | o 717
7R
77
A
717
7o 7178
9
10
717
72178
1%
7278
L]
71
7
] 16.5m /: /
Bottom of hole 235.0 ft bgs 71.7m
-72
73
DRILLRIG: Burley 4500 LbGGED: cAv D OT“SOO 001 7 'A 2
DRILLING CONTRACTOR: Crux CHECKED: ? gA = GOlder

Associates




PROJECTE WSDOT/MP 322

RECORD OF BOREHOLE GA-4

SHEET .1 _OF 5

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: Middle Line, Middle Hole BORING DATE: 6/7-9/99
& o
e o PENETRATION RESISTANCE
PROFI
é UEJ SOIL PROFILE SAMPLES BLOWSET PIE'Z:{QMSIT(':ER
g 13 o . BLOWS / 15.2cm 10 20 3 40 50
< s g
E ,,3: DESCRIPTION 3 o é w | 83.5kg hammer % WATER CONTENT,PERCENT WATER
o ) ] 5 ] 2| = 76.2cm drop w Wp | wi LEVEL
Loose, light brown, nonstratified, silty fine to PVG Stickup 85 7cm 57em S
coarse SAND, some rounded gravel, little A+ A- Slots at Noo°E Inclinometer
organics, dry to damp (LANDSLIDE DEBRIS) asing b
Very loose to foose, light olive brown, massive to 1
crudely badded, fine to medium SAND, little Bentonite —
subrounded fine to coarss gravel, trace silt, trace Cgmem L
organics at 1.8m, varies to fine to coarse SAND, rout
fitfe to some subrounded to rounded fine to
coarse gravel, trace silt, gravel clasts are E
muttilithologic in composifion, wet (moisture likely
affected by drill fluids) (GLACIOFLUVIAL
LANDSLIDE DEBRIS) .
1| 8s 1-1-1 i
2 | ss 4-2-2 | i
]
g
g
©
<
=g -
£
@
O
o
2
3 | ss 6-2-3 B ]
4 | SS 432 | i
5 | 8s 333 | J
Log continued on next page 7]

2500

DRILLING CONTRACTOR: Crux

S. Walker/N. Salisbury

LOGGED: FSMMS
CHECKED:
DATE: 7/15/99

DFOT—S—OO_'OOlEiO R =




PROJECT: WSDOT/MP 322
Land_slideNVA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-4

BORING LOCATION: Middle Line, Middle Hole

SHEET 2 OF 5 _
DATUM: MSL
BORING DATE: 6/7-9/99

DRILLER: S, Walker/N. Salisbury

DATE: 7/15/99

o | 8 ISTANCE
z2l¢8 SOIL PROFILE SAMPLES PENETRATION RESISTANCE | OMETER
5 o 50 GRAPHIC
s 5 :% ELEV < BLOWS/ 15.2cm e
E g DESCRIPTION 8 L ) § w 63.5kg hammer N g WATER CONTENTPERCENT WATER
i g @ |5Q| peptH | 2| ¥ | 762emdrop g wi LEVEL
) 44.2m 7]
) o 9.2m s )
c dense, light h olive, faint 5.7cm
(amatod sy o SAND, varieato SiiTand | o™ incnometer [/ f
fine SAND, damp to moist, micaceous .y 0 ]
(TRANSITIONAL LANDSLIDE DEBRIS) 3360y /
SS 10-11-14 25 [a5.8cm / "//‘ J
Bamonite—/ /
10 Cement / / ]
Grout / /
/7
& L] "
g 1A
g 1Y
[Z]
L | & % R
E 36.6cn| /
S sS 9-15-16 31 [15.60m ? ? ]
1%
11.9m: Lost drill fluid returns to surface ? ,4 )
104
e |\ - __ 1 _413m | ] ;:
Compact to dense, light olive brown, massive to 12.0m / / -
faintly laminated, sitty fine SAND, ranging to SILT / ]
and fine SAND, moist to wet, observed on one / /
planar, rough fracture at 12.5m oriented ~30° wrt A
sample axis cutting across faint laminae & /
{TRANSITIONAL LANDSLIDE DEBRIS) 39.7¢mv] /
_ s 9-13-15 28 [458em ; L~
7
_ 270
2178
g % ]
e 7R
& L]
- 14 [ / / 4
g 21.4cm/ / /
SS 12-13-20 33 45:&:,“ / 9’ ]
1%
/1 0A ]
a1
717
sy - 1] _383m _| [ V]
Compadt, olive gray and moderate bluish gray, 15.1m / / ]
laminated to massive, fractured, SILT, little to / /
some fine sand, ranging to SILT and fine SAND, : /
?rades downward in hole to SILT, trace to little L] ]
ine sand, damp to moist becoming moist to wet / /
below 17.2m (TRANSITIONAL LANDSLIDE 33.6¢nv] /
DEBRIS) ss 578 15 [isoom % ?’ ]
16 ; 9
%
1
]
L]
77
o
17 /] é 1
36.6cnV / /
sS 7-6-1 17 {s58m /// ]
71
0]
I R N | | _ssam | 178
See description on next page 7| 18.0m é 7l
' Log continued on’nextrpage //é 7]
DRILL RIG: 2500, LOGGED: FSMMS DOT- 5‘ 0 O o O 1 8‘1 -
DRILLING CONTRACTOR: Crux CHECKED: Golder
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PROJECT. WSDOT/MP 322

RECORD OF BOREHOLE GA-4

SHEET 3 OF 5 __

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: Middle Line, Middle Hole BORING DATE: 6/7-9/99
g ,38_5 SOIL PROFILE SAMPLES PENETR;E:)C;L«S7§T§ISTANCE Plezog’l_E"TEH
g ' %’ o |mev | o BLOWS/ 15.2¢m . 10 20 30 40 50 GRAPHIC
3 E DESCRIPTION al%e é w | 63.5kg hammer N 5 WATER CONTENTPERCENT WATER
% o § {-‘;»9 DEPTH | 3 ‘E 76.2¢m drop o wp———H————w LEVEL
Very stif to hard, ofi 1 ive to v (AYA
ad 7 e cm
!a?r%;tlam'?na?ed', gt’AngEr$ySﬁ.‘?r%,l’lnpiaasr§ CLAY fﬂt a4 frzlinogfwler 4
interbeds <2.5cm, possible fracture zone at oy ing / 1
18.9m, moist becomnng damp with depth Z /
(GLACIOLACUSTRINE DEPOSIT?) ,Z; 12 | ss 10-17-34 51 2::’;’ ; L] |
1 ppen >4.5 tsf 14;/ Bentonite —/ ,44
i A cérn;emm ? / 4
150
L]
ZIZE
- 20 g /]
Z\78
45.8cnV| / /
X 45.8cm
13 | ss 12-23-50 73 r ; ? T
[ ]
278
Y
A0
214
27k
s (74 14 | ss 6-8-10 18 [izam n ,///:; 1
7 Ar
A A 0 1
. 2 a7
) 2
H Z= Zi7ZB
s | £ e A0
8 7z |
I°] % L] ]
g 74 wlss]| s |z (o " ;//’ 7R
77 ”
7
I Za ”
24 y 77j / ; J
_____________ — X -28dm | /
Very stiff to hard, gray, massive to faintly cL 7= 24.2m / / _
laminated, SILTY CLAY (CL) with thin (<2.5cm) V. ZA o ]
interbeds of dark gray, laminated, fractured CLAY ~ /
(CH), moist (GLACIOLACUSTRINE DEPOSIT) 7 ? /// ]
- Z 16 | 88 7121 32 [aam | ///; l
= ) o /
ava 10
71
07 1
s
]
1%
- 26 Y %
217k
17 | ss 8-15-25 40 3::: ] //" é i
]
AR
27 Y e
| NZ17h
__ -
1 Log continued on next page /l

DRILLER:

DRILLRIG: 2500

DRILLING CONTRACTOR: Crux

S. Walker/N. Salisbury

LOGGED: FSMMS

CHECKED:

DATE: 7/15/99
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A
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R
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PROJECT: WSDOT/MP 322

RECORD OF BOREHOLE GA-4

SHEET 4 OF 5

DRILLRIG: 2500

DRILLING CONTRACTOR: Crux
DRILLER: S.Walker/N. Salisbury

LOGGED: FSMMS

CHECKED:

DATE: 7/15/99

DOT-50000183" -

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: Middle Line, Middle Hole BORING DATE: 6/7-9/99
@ | 2 PENETRATION RESISTANCE
@ ’9_: SOIL PROFILE SAMPLES BLOWS PIEZOMETER
gz o [mev | o BLOWS / 15.2cm 9 1020 3 4 5
E % DESCRIPTION » é(ﬂ E Ié w | 83.5kg hammer N % WATER CONTENT,PERCENT WATER
i 2 | Q] oertn | 3| | 7e2emcrop 1D wpr———H——— LEVEL
N . . 5.7cm ;A / B
Vot ionert gray e oty = 0
interbeds of dark gray, laminated, fractured CLAY Casing / /
(CH), moist (GLACIOLACUSTRINE DEPOSIT) 970m] - ] %
18 | ss 10-19-33 52 facaom % j
| os 1]
Benlonhe-/ /
Corent 11 (]
a
7 ]
W\
72178
0
19 | ss 8-14-16 30 3’;5’;’ ] ,é/// J
.
2178
30 f/’ L]
A ]
0
a7
Vi
21 20 | ss 6-11-16 27 [2dem (] [/ ? ]
7173
217
1%
7178
N 77k
& 2150
g "y
g oy
21| 88 477 14 logem m ? |
45.6cm / ?/
L0
L 33 % ;
/,/_
L]
21%
117 -
1%
|
% , 2|ss| ez |3 [mE] 4/; _
A / /
= ] /1 1
Y
18.6m ]
v———t—————-——-——.—_ —-4—-—_J //-
Very stiff to hard, gray to dark gray, laminated, ¢ 34.6m L]
L a5 SILTY CLAY with thin laminae of CLAY and fine / /
SAND, moist (GLACIOLACUSTRINE DEPOSIT) /// “h
L]
7
23 | ss 6-9-12 21 3:;:.. i //,, / J
o
o 2178
11
1y
| v
Log,_comiqued on next page //
Golder

|




PROJECT: WSDOT/MP 322

Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-4

BORING LOCATION: Middle Line, Middle Hole

SHEET 5 OF 5
DATUM: MSL
BORING DATE: 6/7-9/99

& o
%)
o PENETRATION RESISTANCE
ﬁE z SOIL PROFILE SAMPLES PlglﬂggELEH
w
- I BLOWS / 15.2¢m c 9 1 50
2 o z
E £ DESCRIPTION B w| 635kghammer g WATER CONTENTPERCENT WATER
¢ LEVEL
ul Q 3 & 76.2cm drop u Wp
. . 7] 7
Very stiff to hard, gray to dark gray, laminated, 5.7cm /
SILTY CLAY with thin laminae of CLAY and fine Slope / /
| 57 SAND, moist {GLACIOLACUSTRINE DEPOSIT) Imgr;g;;';w % / .
5 24 | ss 16-27-33 pd /// /// |
o
[ =4
s Bantonite—/ /
< Cement / / J
t oo /]
£ L]
% 04 |
o ”
|38 e} / /
I A / .
h —RAn
b
TATAY
ATAYE
TATAY
45.8cn| AN
25 | S8 15-25-49 45 5cm Vel
ala
| 39 Total depth 38.9m bgs
- 40
L 41
- 42
43
44
45 4

DRILL RIG: 2500

DRILLING CONTRACTOR: Crux
DRILLER: S. Walker/N. Salisbury

LOGGED: FSMMS

CHECKED:

DATE: 7/15/99

DOT—5000018§ ) Goldgr




PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-4A

BORING LOCATION: Middle Line, Middle Hole

SHEET _1_OF 4 _
DATUM: MSL
BORING DATE: 6/9/99

- | Log continued on next page

e a
& (e} SOIL PROFILE SAMPLES PENETRATION RESISTANCE
ﬁ T BLOWS/FT. PIEZOME;EER
u &
= = o | eev | ¢ BLOWS / 15.2cm - 9 10 20 30 4 50
I w N
E £ DESCRIPTION 2% 2| w| 63Skghammer £ WATER CONTENTPERCENT XVEA\IEF
%9 w —_—N
u Q @ | &9 DEPTH | 2| [ 762cmdrop o wp : wi
Lo 53.4m - ]
Speed drilled to 32.8m. See Log GA-4 for 00 PVC Stickup 68 6cm . ha'fﬁ?vc_’é
stratigraphy. ch. 40 P/ ?
Thr:;d;d /
Joints and
O-Rings ;
» ;
Bentonite —1=
oo b1 0]
Grout
-2
.3 ]
-4
3
&
4
<
24 —
£
w
[
o
P

N S N A N A S N A I AN N A AN AN A NS S AN S A A RN NSRS A A ASI A AANANSSSOINEASSNSIESESINESNSNSSSN

At i i S T Gt T T T T T TG TR TR R R,

DRILLRIG: 2500
DRILLING CONTRACTOR: Crux

DRILLER:  N. Salisbury

LOGGED: MS/FSM
CHECKED:
DATE: 7/15/99

" DOT-50000185

7 A SsocCiates

3
3




PROJECT WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-4A

BORING LOCATION: Middle Line, Middle Hole

SHEET 2 OF 4__
DATUM: MSL
BORING DATE: 6/9/99

DRILLER:  N. Salisbury

DATE: 7/15/99

o Q
@ PENETRATION RESISTANCE
g :13: SOIL PROFILE SAMPLES BLOWS/FT ) PIEZR%gE;EER
[
w w 0 50
b3 g o ELEV « BLOWS/ 15.2cm e 10 20 30 4
I w
E é DESCRIPTION 8 & ) g w 63.5kg hammer g WATER CONTENTPERCENT \sg\\‘:’gf
To b .
u Q 2|69 DEPTH 2| ¢ 76.2cm drop o Wp wi
4
3.8cm ]
Sch. 40 PVC
Riser with E
Flush-
Threaded
Joints and
O-Rings b
}- 10 ]
Bentonite —1..
Cement
Grout .
L 1 J
@
% J
|12
2
o =
=
w
o
o -4
g
13 4
- 14 -
Slough/ —
Ben\uogni\e 1
Granules
L 15 1
4
16
10/20 —f
Silica
Sand
o 3.80m —
§ 250 :gm
.O4mm
L 17 g PVC Screen
< with Flush-
=3 Threaded
£ Joints and
a O-Rings
o
(8]
o
T
- 18
Log continued on next page
DRILLRIG: 2500 LOGGED: MS/FSM - S =
DOT-50000186 i
‘DRILLING CONTRACTOR: Crux CHECKED: % JE Goldgr




RECORD OF BOREHOLE GA-4A SHEET 3.OF2_

PROJECT: WSDOT/MP 322
Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: Middle Line, Middle Hole BORING DATE: 6/9/99
& a
2 ]9 SOIL PROFILE SAMPLES PENETRATION RESISTANCE
B | £ BLOWS/FT. PIEZOMETER
!z o |mev | & BLOWS / 15.2cm 10 20 3 40 50
E % DESCRIPTION 9 é o § W | 63.5kg hammer % WATER CONTENTPERCENT n/:\JEEs
& —_—
W e @ (GQ| DEPTH 2| p | 76.2cmdop g wp wi
1020 —
Silica
Sand
- 19
Ad
1p.4m
&/]s/99
- 20
agom —fi
Sch. 40
2.54mm Slot
PVC Screen
- 21 with Flush-
Threaded
Joints and
O-Rings
- 22
3
s
2
g
- 23 4
O
[s)
I
- 24
25
- 26
- 27
Log continued on next page

DRILLRIG: 2500

DRILLING CONTRACTOR: Crux
DRILLER: N. Salisbury

LOGGED: MS/FSM

CHECKED:
DATE: 7/15/99

DOT-50000187




PROJECT WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-4A

BORING LOCATION: Middle Line, Middle Hole

SHEET _4_OF 4 _
DATUM: MSL
BORING DATE: 6/9/99

o o]
&) Q SOIL PROFILE SAMPLES PENETRATION RESIETANCE PIEZOMETER
& g BLOWSFT. GRAPHIC
w w 0 0 50
2|2 o | BBV | o BLOWS / 15.2cm E 0 g
I I w
e é DESCRIPTION 8 lé- o g w | 63.5kg hammer g WATER CONTENT,PERCENT \IZVE;:‘/F:E
a 2 21lo Q| DEPTH 2| | 762cmdrop e Wi
1020 —,%)
Silica LS
Sand
28 .
38om —E ]
Sch. 40 =0
2.54mm Siot
PVC Screen
with Flush-
Threaded
Joints and
©O-Rings
-29
5
=4
L
%
<
o
£
- 30 §
o
I
{ 31
| 32 3.6cm -—J '_
Sch.40  [%] b
PVC Riser [.% )
1 SH Push 58.4cm W“gﬁiﬂd
Slough 4
20.6m 2 | SH Push 17.8cm N
Total depth 32.8m bgs 32.8m 1
rsa
34
[~ 1
- 36

DRILLRIG: 2500

DRILLING CONTRACTOR: Crux
DRILLER: N. Saiisbury

LOGGED: MS/FSM

CHECKED:
DATE: 7/15/99

DOT-50000188 ~




PROJECT: WSDOT/MP 322

RECORD OF BOREHOLE GA-5

SHEET _1_OF 4 _

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: Middle Line, Lower Hole BORING DATE: 6/10-11/99
o 8 PENETRATION RESISTANCE
E 'g-:) SOIL PROFILE SAMPLES BLOWS/FT. [ ] PE%%MEE(‘:ER
- % o | eev | & BLOWS / 15.2cm . 10 20 3 40 50
= Z DESCRIPTION ol & 8 o 63.5kg hammer < WATER CONTENTPERCENT WATER
& | o 3128 peern | 3| & 762eman 2 —_— LEVEL
a @ R Z| £ - P [ Wp ] il
Lo 38.7cm T
i it 0.0 i .6cm 7em =
o okl beddon. T o coares GRAVEL NG~ ol icamatr ;
fine to coarse SAND, trace silt, varies to fine to asing b
coarse GRAVEL, little to some sand, trace silt, /
wet (GLACIOFLUVIAL LANDSLIDE DEBRIS) / ]
‘NOTE: Moisture likely affected by drill fluids Lime — ';:
2 ot ? 1
g ]
]
v
/ J
2 o
ss 321 ? i
]
L]
]
1
0
L 3 ?
SS 4-5-3 2 ,;; -
9178
w3 N / /
3 10
£ 10 1
3 217
o 17
§ 17
8 Zige
I & 11
s | § 4
sS 463 [ ; i
: s
778
717
Zign
1%
" 1%
717
719
1
719
ss 555 N é ; l
715
, 2198
7%
A
g1
715
1%
| 10
8 / /
SS 2-5-4 [ | é (]
a1
2N
215
10 -
o 717
».] Log cominuéd on next page /; ,4

DRILL RIG: 2500

DRILLING CONTRACTOR: Crux

DRILLER:

N. Salisbury/S. Walker

LOGGED: FSMMS -
CHECKED:
DATE: 7/15/99

DOT-50000189

3
2
3

)




PROJECT. WSDOT/MP 322

RECORD OF BOREHOLE GA-5

SHEET 2 OF 4

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: Middie Line, Lower Hole BORING DATE: 6/10-11/99
o a RESISTANCE
Z21¢ SOIL PROFILE SAMPLES PENETRATION HESIS PIEZOMETER
= i BLOWS/FT GRAPHIC
L 1= . BLOWS / 15.2cm ) 10 20 3P 4 50
E % DESCRIPTION 8 § ldu. 63.5kg hammer N % WATER CONTENTPERCENT WATER
i o 2| ¥| 7e2emaop o wpr———HF————w LEVEL
____________ I 5.7cm -rl /// 1
Loose to compact, grayish brown, massive to GW 'mg::::‘\gew / / ]
crudety bedded, fine to medium SAND, trace to /] %
some fine rounded gravet, trace: sit, varies to fine 15.3cm/ /
to coarse subrounded to rounded GRAVEL and 6 ss 4-5-5 10 |45.6cm / / 4
fine to coarse SAND, moist to- wet T 7
(GLAGIOFLUVIAL LANDSLIDE DEBRIS) i 7] %
- 10 Cement / / 4
Grout / /
1%
714
2178
79
" /
-1 e / / 7
& 15.30m] /] i
3 7 | ss 55-7 12 las.gem | V1
2 & 0
7 % ? ]
1]
s 2%
T / / g
12 1%
1
1%
10
12.20m/ ] L]
8 | ss 8-9-11 20 [4s5.8em B /// L A
78
0
.
_Very_sliﬁ—to E;rd,_;re;:isrgra;na'a—rk_gra_ | cH L] 1
with very light gray mottling, massive to famtly / /
- 14 faminated, jointed, fractured ini ptaces, CLAY to 7] R
SILTY CLAY with occasional interbeds of claye: / /
fine to medium SAND, trace fine faceted gravel 45.8c] = 4
in sang, frace rounded gravel dropstones 9 1SS B-14-23 37 |4spem "/ [
(GLACIOLACUSTRINE LANDSLIDE DEBRIS) ; /
0
L 15 é ]
A
Zi7Z8
30.5cm/ /
- 10 | SS 3-7-15 22 |4s8em | ] ﬂ ]
16 ; )
i i % ;//
3. A % ]
g . iy
& /) / /
£ /A / 7
< / ]
g 27 719
L 17 35 A ; '
g - - — — __ _ _ __ __ _ _ L YA _215m ] 45.8cnv % i
T 1 Hard, greenish gray and dark gray, varies toofive | CH 17.2m } 11 | S8 5817 25 |45.8cm u % A
brown, .laminated to massive, jointed, CLAY /]
withthin {<1cm) interbeds of fine SAND obsarved / L] 0
below 20.7m, damp to moist / 4
(GLACIOLACUSTRINE DEPQSIT) / / r';
10 / 214K
, - / 7
Log continued on next page A4
DRILLRIG: 2500 LOGGED: FSMMS , e ‘i
DRILLING CONTRACTOR: Crux CHECKED: DOT-50000190 % ¥ Golder
DRILLER: N. Salisbury/S. Walker DATE: 2/7/2000 ASSOCla:lES




PROJECT: WSDOT/MP 322

RECORD OF BOREHOLE GA-5

SHEET 3 OF 4

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: Middle Line, Lower Hole BORING DATE: 6/10-11/99
z | 8 PENETRATION RESISTANCE
l'&ﬂ’ % SOIL PROFILE SAMPLES BLOWS/ET Plglza%EchER
g u o | eev . BLOWS / 15.2cm - 9 10 20 30 4 50
< o I w N
E z DESCRIPTION o | & 8] w | 63.5kghammer < WATER CONTENTPERCENT WATER
i S 2 %8 DEPTH § > | 7820m drg:ue @ wpr——————wi LEVEL
o
Hard, greenish gray and dark gray, varies toolive | CH a55emd .Imﬂ)ﬁ'er
e oo SAND cbesrved / 12| 88 11-18-23 41 |4sem cang 7R
below 20.7m, damp to moist /
(GLACIOLACUSTRINE DEPOSIT)) / % é i
19 Lime —/ /
Cement / / ]
Grout 4 /
/ 15
/ 217k
20 / 13| ss| 1720508 | >50 [{5m] L ¢ /// ; ]
]
-
9\
11
1%
21 ] ]
7V
ss 42-50/2 >50 (333 9 ]
% 14 21.4cm r’ ﬂ ﬂ J
219
2 A0 |
1%
/ 2150
21%
; A
% L 104
. | S 15 | ss 30-50/3 >50 [35 0 g
g ::/" ? ]
/ a1 |
7 A7
_ 7 Z1%8
24 ’//’ ?
16| 88 072 >50 [o1o | /// 1
= i
7 2
7170
7R
719
/ V
Z A
/ a7
7 g1
AR
_ 71
/ 2178
27 _ "y
/) é 0 -
Log continued on next page ’ pi /C

DRILLER:

DRILL RIG: 2500
DRILLING. CONTRACTOR: Crux

N. Salisbury/S. Walker

LOGGED: FSMMS
CHECKED:

DATE: 7/15/99

DOT-50000191 %

J
3
=
c
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PROJECT. WSDOT/MP 322

Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-5

BORING LOCATION: Middle Line, Lower Hole

SHEET 4 OF 4
DATUM: MSL
BORING DATE: 6/10-11/99

& a
o SOIL PROFILE PENETRATION RESISTANCE
i - il SAMPLES PIEZOMETER
= BLOWS/FT.
m o GRAPHIC
= s o ELEV. T BLOWS / 15.2cm . 10 P 3 40 §0
[C] T
E £ DESCRIPTION a2 %e é w | 63.5kg hammer N 5 WATER CONTENTPERCENT WATER
W Q ] % S| peph 21 76:2cm drop o wpr—-——du-—1 wi LEVEL
Hard, greenish gray and dark gray, vdan'gs toY olive | SMm/ »
brown, laminated to massive, jointed, CLA SC 6.1¢
withthin (<1cm) interbeds of fine SAND observed , 7| S8 5035 >50 [ 2cm w0
below 20.7m, damp to moist
(GLACIOLACUSTRINE DEPOSIT) / ; L
28 27.5m: Possible change to very dense, . / /
brownish ified, cl ilty fi Lime — /
graKi nonstratified, clayey silty fine c " /
to coarse SAND, withlittie fine gravel, wet g it / E
5 (NOTE: moisture likelly affected by drill fluids) / /
I 173
% % Inciirome 4% # J
28 | 2 / et
8 ]
8 % L~
g / / ? -
30 é /// ,’;
‘A sim | 18] SS 50/3 >50 |yl " /) .
Total depth 30.6m bgs 30.6m
L 31 i
| 32 -
33
34
35 -
- 36 <
DRILLRIG: 2500 LOGGED: FSMMS i
DRILLING CONTRACTOR: Crux CHECKED: DOT-50000192 é;é = Golder
DRILLER: N, Salisbury/S. Walker DATE: 2/7/2000 Associates




Landslide/WA

PROJECT: WSDOT/MP 322

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-5A

BORING LOCATION: Middle Line, Lower Hole

SHEET _1_OF 2 _
DATUM: MSL
BORING DATE: 6/11/99

DRILLER: 5. Walker

@ :8: SOIL PROFILE SAMPLES PENETRATION RESISTANCE CIEZOMETER
ol £ ! o OWSIET o sp GRAPHIC
y 5 o | eev « BLOWS / 15.2em . i 2 g 4 5
E| 2 DESCRIPTION 0 é Bl | coskghammer | " | § WATER CONTENTPERCENT WATER
g 5 3 |c 8 DEPTH 2| & 762em drop 2 wor—————w LEVEL
a a Sl1aa 3| = - & P .
38.7m
o ! FAT]
. o L 0.0 PVC Stickup 61.0cm R
LS R g e soo oo “" Svarizl
Flush / /
Threaded /
Joints and /
O-Rings / / b
i1y
3 7 0
1y
Benlonila—//; :; e
1%
10
719
I 0
7]
20
07
. 17
21%
217
10
1%
2R
1%
. iy
- 4 L]
8 ]
g 1
3 11
<<
g ; ] -
2 g
3 ; |
-5 E / /
z % ; |
1%
A0
21%
2158
219
" //’ ,// i
0
4
120 —
Silica
Sand
L7
.Bcm ID
Sch. 40 PVC
Screen,
- 8 2.54mm
Slots, with
Flus! e
Threaded [~ BR'~
Jointsand % 5
O-Rings |-~
Lo -
Log continued on nex{ page -
DRILLRIG: 2500 LOGGED: FSM DOT-50000193 i
DRILLING CONTRACTOR: Crux CHECKED: % = Golder

DATE: 7/15/99




SHEET 2 OF 2
PROJECT. WSDOT/MP 322 RECORD OF BOREHOLE GA-5A
Landslide/WA : DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: Middle Line, Lower Hole BORING DATE: 6/11/99
Iy ja]
@ 8 SOIL PROFILE SAMPLES PENETRATION RESIETANCE l; JOMETER
S BLOWS/FT. GRAPHIC
w
3 = o |mev | o BLOWS / 15.2cm c 0 20 3 40
E é DESCRIPTION 2 So é W [ 63.5kg hammer N g WATER CONTENTPERCENT V\éAJéEF
o —_— u
-8 [ 8 2 (&9 veptn [ 3| z | 7e2emarop i Vo wi
- 10 E
Joints and
O-Rings )
Caved 4
Soil
11 H] T
[*3
&
é N
g
0
3 10/20
Silica
E Sand
L 12 X
- 13
_________________ _253m | 1% &
Gray, faminated to massive, fractured, CLAY 13.4m &]5/99
ranging to CLAY, littie to some fine to medium
SAND, moist, wet in fractures (Qis?)
3.8cm ID
L 14 Sch. 40 PVC
ho.2cm, R'ﬁﬁ'é'f,'},h
1 | sH Push 27.9¢ NA
24.4m " 27.5cm
Total Depth 14.3m bgs (sampled) 14.3m
L 15 ..
1
L 16
- 17 4
- 18 j
DRILLRIG: 2500 LOGGED: FSM DOT-50000194 i
DRILLING CONTRACTOR: Grux CHECKED: é;é F Golder
*
DRILLER: S, Walker DATE: 2/7/2000 Associates




PROJECT. WSDOT/MP 322 RECORD OF BOREHOLE GA-6  SHEET 1.OF. 4

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466 BORING LOCATION: North Line, Middle Hole BORING DATE: 5/20-21/99
2 é SOIL PROFILE SAMPLES e PIEZOVETER
g = o |mev | 4 BLOWS /15.2cm . 9 10 2 3 4 5
z % DESCRIPTION @ ém ‘ﬂé w | 635 hammer N g WATER CONTENTPERCENT WATER
g 16 g | Q| oeptH | 3| F| 7ezemarop wl w3 ——wi LEVEL
[© Very loose to compact, light olive brown and light | SMm PVC Stickup 80.8vm ﬂ
olive gray, nonstratified to weakly stratified, fine A+A- Slots at N65°E Lime _/ / |
| to coarse SAND, trace to little tine subrounded Cement / /
gravel, trace to little silt, moist to wet Grout iy [
(GLACIOFLUVIAL LANDSLIDE DEBRIS) ; / J
L]
s7en 4 7] ]
Inclinometer / /
Casing ; / —
71k
2 1 | ss 1-1-1 2 [REmig /4 /// ]
71
0 T
V] [
17 -
1%
5 11 4
217
71
J 7
2 | ss 3-4-5 9 [y ; ? |
AV
’ ZI
1%
g 1
g 10
< / / .
5 L1 1
8 7178
S 71y
[ ¢ 3 15,30 1~ ]
3 SS 3-2-3 5 |458em [ ] / / ]
78
717
ZI78
1%
214
-6 L] / .
1%
4 |ss 10-6-11 20 [rosem [ g é
- 45.8cm / / .
]
. A0
1%
0
0
W
s ’ 78
5 | ss 5-10-13 23 [ssom n ? é ]
v
NI
¥ ) / . /
— 1
Log continued on next page // /{

DRILL RiG: 2500 LOGGED: JDC/MS . ~.
| -50000195 . %
DRILLING CONTRACTOR: Crux CHECKED: DOT % L Goldgr
Associafes

DRILLER: N. Salisbury/S. Walker DATE: 7/15/99



PROJECT: WSDOT/MP 322

PROJECT NUMBER: 993 1466

Landslide/WA

RECORD OF BOREHOLE GA-6

BORING LOCATION: North Line, Middle Hole

SHEET 2 OF _4_
DATUM: MSL
BORING DATE: 5/20-21/99

DRILLER:

DRILLING CONTRACTOR: Crux

N. Salisbury/S. Walker

CHECKED:
DATE: 2/7/2000

] ) PENETRATION RESISTANCE
4 ! SOIL PROFILE SAMPLES ON RE PIEZOMETER
R B BLOWS/FT GRAPHIC
213 o |emev |, BLOWS / 15.20m 0 10 20 30 4 g0
S lo . 3 -
E Z DESCRIPTION a éo § w | 63.5kg hammer N % WATER CONTENTPERCENT WATER
ui g § &S| oepTH | 2 % 76.2cm drop i wor—————H LEVEL
YAV,
Very loose to compact, light olive brown and light | sMm Lime _;; / 7]
olive gray, nonstratified to weakly stratified, fine Cement / r/
to coarse SAND, trace 1o ittle fine subrounded % 1 -
gravel, trace to little silt, moist to wet 9 2y / ]
(GLACIOFLUVIAL LANDSLIDE DEBRIS) 6 | SS 4-4-3 7 lseem| W /§ i
1o 7178
0
5.7cm —‘/ / E
Inc(l;mgne(er / /
asing /
____________ _ _47.7m | s
Compact to dense, light olive brown to light gray, r SM 10.7m / /
nonstratified, silty fine SAND, moist to wet ] /
L 11 (GLACIOFLUVIAL LANDSLIDE DEBRIS) : ﬁ L W
7 | ss 568 18 fosem | ; ; |
AV
7R
_____________ _ _46.5m f ﬂ ]
12 Dense, light olive brown, nonstratified, silty fine SM 11.9m / é
SAND, moist to wet (GLACIOFLUVIAL/ o %
GLACIOLACUSTRINE TRANSITIONAL /] A
DEPOSIT) " %
V1A T
8 | ss 8-13-20 a3 [oom | 4 ? ]
/
& 0 |
N Yy
A1
§ 30
3 %
3 9178
5 ]
- 14 o 4 _
?; la9.7cnv / 9
9 | ss 13-15-21 36 |4s.8em n ] /// 1
2178
A
2158
15 1%
]
2Vh
- YAV
V110
10 | ss 8-15-16 31 [ ¢ ,//
/ 4
17 #
0
A0
717
1 -
1%
17 214
10
et 2%
1| ss 12-17-20 37 l4s8am n 10
715
2150
A7
18 /] %
© 77
— /) *
.| Log continued on next page
DRILLRIG: 2500 LOGGED; JDC/MS . . .
: DOT-50000196
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PROJECT: WSDOT/MP 322

RECORD OF BOREHOLE GA-6

SHEET _3_OF _4_

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466 BORING LOCATION: North Line, Middle Hole BORING DATE: 5/20-21/99
@ Q PENETRATION RESISTANCE —|
@ g SOIL PROFILE SAMPLES BLONS/FT P'S,Zq%"&,{f“
Y|z o | eev - BLOWS / 15.2cm 10 20 3 40 50
E % DESCRIPTION o é A é w | 63.5kg hammer N % WATER CONTENTPERCENT WATER
N 2 |&o|oeetn | 3| F| 7e2emdrop o wp————H————w LEVEL
Dense, light ofive brown, nonstratified, silty fine [/ h
SAND, moist to wet (GLACIOFLUVIAL/ Lime __._/ / ]
GLACIOLACUSTRINE TRANSITIONAL Cement / [
DEPOSIT) 12 | ss 15-22-21 43[BT Gt ; /// |
10 %
o _ _392m _| 1
Hard to denss, light gray, CLAYEY SILT, some 19.2m / /
fine sand, moist (GLACIOLACUSTRINE / /
DEPOSIT) % 7K
Iml?;;‘:nrr;ter——/ /
Casing / / —1
[ 2 7 9
5 2100
g / 13 | 8 7-17-21 4y |fStem || 4 ,4 |
g Z 7
=] / . / /
8 A
| 21 E :;?IA / / -
o /]
z 7, 0
0
W
2178
. 14 | ss 11-21-25 46 27 ] 4 ? |
. 0
Hard, light gray, massive to stratified, SILTY cL P 22.3m / 4 T
CLAY, moist (GLACIOLACUSTRINE DEPOSIT) 7,';' 4 s ]
H a1
L 23 7, 4 é—
L]
39.7cm/ % ?/
15 | ss 11-15-25 40 |65.50m T ? A -
1 |
21%
" 219
101
1%
101
21%
0
1%
5 214
25 g o 11
: 00
£ ] I’
& ? ] |
o 9
- 26 ,é / 1
16 | S5 11-14-23 37 [ L / ,’6 1
]
n
2128
717
L 27 / ?.4_
24 §717)
- P / T
Log continued on next page / 4

DRILLRIG: 2500

DRILLING CONTRACTOR: Crux

DRILLER:

N. Salisbury/S. Walker

LOGGED: JDC/MS

CHECKED:

DATE: 7/15/99

DOT-50000197

g
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PROJECT: WSDOT/MP 322

Landslide/WA

PROJECT NUMBER: 993 1466

RECORD OF BOREHOLE GA-6

BORING LOCATION: North Line, Middle Hole

SHEET _4_OF _4_
DATUM: MSL
BORING DATE: 5/20-21/99

DRILLER:

N. Salisbury/S. Walker

DATE: 2/7/2000

Iy o
f:lg g SOIL PROFILE SAMPLES PENETR;I(O%VS)/?'ET"SIETANCE PEZOMETER
L|uw 0 0 0 4 » GRAPHIC
= o | EEv | o BLOWS / 15.26m . 1 P 3
T T u N
E % DESCRIPTION N E o 2! w | 635k hammer § WATER CONTENTPERCENT m;r
a @ B |c G| DEFTH [ 2 > | 762cmdrop u wpr————
58.4m i
Hard, light gray, massive to stratified, SILTY cL r___,_ 0.0m I
CLAY, moist (GLACIOLACUSTRINE DEPOSIT) 15; Lime ]
A Grout! Q ;
- o8 ‘_/ / / b
: ]
7 0|
S 57 —7‘ /
A lmgr;:mgtar / / ]
2 (A / %
Z:/ 17 | s§ 10-16-24 0 [jpm [/ i
Z:Z/ 101
7 é 7 |
s / /
- 30 7 % /
¥a 0
7 A0
7, % ; i
77 7218
: Z /
& g128
2 e, 7 9
2 o AR
3 7 717
3] 2 1] L] -
- 32 g 7 / /
7 . 45.8cm] n / /
%/ 18 | 58 11-17-28 45 |5.8em % 78
rard
24 a7
| 7 A ]
5 2 ﬁ
34 g ? L]
7 /
e 2178
(L ? ; :
7]
717
a5 A
' 00
19 | ss 13-19-31 50 |3epm / ? |
22.8m )
Total depth 35.5m bgs 35.5m
) %36
PRILLRIG: 2500 Logaep: JOOMS S 50500198 - ‘i
DRILLING CONTRACTOR: Crux CHECKED: ?A EGolder

I7 Assooiat




PROJECT. WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466

SHEET _1_OF_3
DATUM: MSL
BORING DATE: 5/21/99

RECORD OF BOREHOLE GA-6A

BORING LOCATION: MP322, North Line, Middle Hole

= Q
2 |8 SOIL PROFILE SAMPLES PENETRATIONRESIZTANCE |

i BLOWS/FT GRAPHIC

5 g o | mev . BLOWS / 15.2cm E 9 10 0 40 5°

= 1G] I ) w N

Elz DESCRIPTION 2|20 2| w | 63.5kghammer g WATER CONTENTPERCENT ‘Cgsf

x —
B |8 2 |%0 oeetn | 3| 7| 762omarop o Wp wi
S8.am i

-0 0.0

Speed drilled to 18.3m to install piezometer. See
log of GA-6 for detailed stratigraphy.

HWT Casing Advancer

PVC Stickup 91.5cm
Bentonte
Chips

3.8cm1.D. —
Sch. 40

Casin

N N N S N N N N A N AN N S A S S N AN I NI NI RIS IS SE NI EIIISAINNIANNSSNIINASNI NSNS RSESN

AA i T T GGG GG T T T TSR AR RN

- LLog continued on next page
DRILLRIG: 2500

DRILLING CONTRACTOR: Crux

DRILLER: S. Walker/Buck

. MSJDC o .
LosoED DOT-50000199

3
:

CHECKED:
DATE: 7/15/99




SHEET _2 OF _3
PROJECT: WSDOT/MP 322 RECORD OF BOREHOLE GA-6A
Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466 BORING LOCATION: MP322, North Line, Middle Hole  3ORING DATE: 5/21/99
@ 8 STANC
E 2 SOIL PROFILE SAMPLES o~ iai PIEZOVETER
- o |eev | o BLOWS /15.2cm 9 1 20 3 4 5
E g DESCRIPTION w | & 8| | easkghammer | § WATER CONTENTPERCENT WATER
& [id o158 2| o e LEVEL
8 g %) & 9| DEPTH 2 t 76.2cm drop o Wp wi
Bentonte —
Chips
10 1
3.8cm1.D. —
S0
Casin:
L1
12
13
14 X
5
I
L 15
16
17
FB
Log continued on next page _ : |
DRILLRIG: 2500 Losgep: MSPC pOT-50000200
DRILLING CONTRACTOR: Crux CHECKED: é; * Golder
DRILLER: S. Walker/Buck DATE: 7/15/99 Assoc'-ams




PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466

RECORD OF BOREHOLE GA-6A

BORING LOCATION: MP322, North Line, Middle Hole

SHEET _3 OF _3_
DATUM: MSL
BORING DATE: 5/21/99

Iy a
&2 o SOIL PROFILE PENETRATION RESISTANCE
ElE
g 1= BLOWS / 15.2cm 50
2|3 o | ELEV. « E
I w
E Z DESCRIPTION 2 &, 2| w | 635k hammer g WATER CONTENTPERGENT WATER
o
W Q Q1G9 vePTH | 2| | 762emarop i LEVEL
@
o
(=
©
>
o
<
[ ]
19 =
[Z]
o
(6]
I 1 | ss 11-17-20-28 S
38.6m y
o0 Boring terminated at 19.8 bgs 18.8m
L 21
L o2
S
2
©
>
ke
<
(=]
< -1
L 23 4
(&7
g
24
L 25
26
tar

DRILLRIG: 2500

DRILLING CONTRACTOR: Crux
DRILLER: S. Walker/Buck

LOGGED: MS/JDC

CHECKED:

DATE: 2/7/2000

DOT-50000201 "



PROJECT. WSDOT/MP 322 RECORD OF BOREHOLE GA-7 ~ SHEET 1. OF 3.
Landslide/WA DATUM: MSL

| PROJECT NUMBER: 993 1466.300 BORING LOCATION: North Line, Lower Hole BORING DATE: 5/18-19/99

g § SOIL PROFILE SAMPLES PENETRATION RESIETANCE PIEZOMETER
B E BOLOWS”';[ s so GRAPHIC
- = o | eev | BLOWS / 15.2cm . 9 10 2 3 4
T
E é DESCRIPTION 8 % © é g_.l 63.5kg hammer N g WATER CONTENTPERCENT ::.‘\II;\JEILR
u Q @ & S| pePTH 2| £ 76.2cm drop o wpl’——l—tw——1 wi
-0 -
Very loose, dark reddish brown, silty fine to | SM_ PVC Stickup 89.1cm S.7cm  —
medium SAND with somae coarse sand and fine A+A- Slots at N76°E IR o i}
{ocoarso gl camp (FGPSOL) e
Very loose, orange brown, silty fine to medium SM / /
SAND with some coarse sand and fine to coarse / / 1
gravel damp (GLACIOFLUVIAL LANDSLIDE :; /
S et P 0
SAND, some fine to coarse gravel, trace silt, / /
damp (GLACIOFLUVIAL LANDSLIDE DEBRIS) / / 1
Lime ——/ /
Ceament / ]
rout / /
2R
L2 . 24.4cnv é /
1| ss 2-1-1 2 2w o ; ]
1%
1A
9
oy
[, . ] ﬂ i
3.1m: Becomes moist to wet, loose /
]
Z17B
v
2 | ss 53-4 7 e g é )
AV
L4 / / T
5 Uy
o A /
§ 2178
2 & g
? 2175
g V]
a / /
© 4.9m; Decrease in coarse sand and gravel, / E
l 5 E increase in silt / ;
* 3 | ss 312 3 pEvg é 7 -
"y
4178
0
oo, renaratio, sty vey s S 1o | v 717
L & fine SAND with some silt, moist (TRANSITIONAL / /
LANDSLIDE DEBRIS) ’ ? 1
714
/ 1
iy
4 | ss 223 5 (8% n /// ]
9\
-7 / / .
o
71
]
101
715
7.9m: Bacomes grayish brown with increase / / h
I8 in silt /
______________ s ss| | 232 5 [l m ?/ ]
Firm, brownish gray, nonstratified, fine sandy ML ) / /
SILTR%?Ist (TRA SITIONAL LANDSLIDE A y’ ]
B I O _ 778
Lo - Stiff, ra -massive, SILTY CLAY, moist cy’ / /
. : i(GLA LACUSTRINE LANDSLIDE DEBHIS) CH / / |
Log continued on next page a // /‘
DRILLRIG: 2500 LOGGED: MS o S
DOT-50000207 - - E
DRILLING CONTRACTOR: Crux CHECKED: > Goldgr
: Associates
DRILLER: S. Walker DATE: 2/7/2000




PROJECT: WSDOT/MP 322 RECORD OF BOREHOLE GA-7  SHEET 2 OF3_

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: North Line, Lower Hole BORING DATE: 5/18-19/99
a PENETRATION RESISTANCE
22 SOlL PROFILE SAMPLES BLOWS/FT PIEZOMETER
E o 0 1[0 210 30 4|o 50 GRAPHIC
3 g | BE o BLOWS /15.2em = WATER CONTENTPERCENT
| 8 T - N = w WATER
E g DESCRIPTION 8 < o g w Glg.glég hacr’nmer S Wp ° | W EVEL
g | g @ | &S| oerTH | 2| -2cm drop - 20 4 e 80 100°
o | Stifi, gray, massive, SILTY CLAY, moist cU A .70m Slope—1rZ] ? ]
5§ {GLACIOLACUSTRINE LANDSLIDE DEBRIS}). CH ) d Inc(lé:gmgter / / |
Sg /2 :»; %
3 A 6 | ss 355 10 [wrenl W 178
. 9.9m: Becomes very moist to wet A -Bem) 4 ?
- 10 7. 1%
7/ Lime —! 1
27 o 1]
%
10.7m: Becomes very stiff /§Z / / .
T 719
-1 11.0m: Possible 2.54cm thick shear zone ,-//‘ ; 1
é 7 ss 7-8-9 17 |39.7emd [ ] / / i
;é 45.8cm) é /
- ¥ ]
____________ _ LA zoem _ 7 7
Compact, brown, nonstratified, silty fine SAND, | SM 1.7m /] “E
- 12 wet (“pudding-llike consistency™) (LANDSLIDE / /
EBRIS) % #
1101
/]
07
8 | ss 678 15 |24.4cmf ] ] i
. 45.8¢cm| /
: ] ?
B N i teem | //’/-
.. | stitt, gray, massive, SILTY CLAY, moist cH [ L4 181m 0 L]
8 | (GLACIGLACUSTRINE LANDSLIDE DEBRIS) | CL % ? |
8 o 717
< 7 .
g 77 a7
14 | 8 éZ 0]
g /é P25 165 ,// ;
/:J 9 | ss 2-4-10 14 341?;: | | ? ? |
At % ]
____________ _ EA ven ] ,4
- Hard, gray, massive, SILT ranging to SILTY CL- Z‘ 14.8m ; / ]
s CLAY, moist (GLACIOLACUSTRINE DEPOSIT) | ML T 7 ?
A A
2 / 7
] / ]
'/:(/ 39.7cm 24 33 9’ f/d
711_‘ 10 | ss 12-19-31 50 |%:7em '?5—11 [ ] % 7B
1 717
a4 /1 7]
Z 10
- %
¥z oW
16.8m: Clay is weakly stratified A / “h
v f 1 7 g:’{ ]
17.1m: Trace fine grave
,//7 1 | ss 12-22-36 58 |45.8cmf L—' 7] ;// i
4 45.8cm| / /
e %
yay % 2%
) AV
- 18 LA R /- 0 -
| Z 4
Log continued on next page /; /:
DRILLRIG: 2500 LOGGED: MS DOT-50 000205 -
DRILLING CONTRACTOR: Crux ° CHECKED: ' é; F Golder
Associates

DRILLER:  S.Walker DATE: 2/7/2000




PROJECT. WSDOT/MP 322 RECORD OF BOREHOLE GA-7  SHEET 3 OF3_

Landslide/WA DATUM: MSL
& =Y
o SOIL PROF PENETRATION RESISTANCE
i - o e SAMPLES ] PIEZOMETER
E | E BLOWS/FT. GRAPHIC
2 1= BLOWS / 15.2cm 10 0 3 4 80
= o |EEv | o £
E GZ: DESCRIPTION 2 %o é w | 63.5kg hammer N g WATER CONTENT,PERCENT WATER
o —
]S 3|59l oeptH | 3| F| 7e2emarop i Wp wi LEVEL
14.1m -
Hard, gray, stratified, SILTY GLAY, trace gravel, [ CH [ £ ] 18.3m ”
moist {GLACIOLACUSTRINE DEPOSIT) 7 12]s .50 82 39.7cmy/ /
18.5m: Thin fayer (<3.2mm) of fine to medium A S 15-32-5 45.8¢cm *—' / 3
SAND o
18.6m: 1.3cm thick layer of medium to coarse AT /
SAND and fine GRAVEL A s 1
- 19 e 1
f7)/ 2 Zf-mch —'7‘£ E
AofE Inclinm(er /
7 7 asing ;// 1
o %
19.8m: Thinly laminated 7; /" .
20 7 39.7¢m/ s
A 13 | ss 15-25-36 61 [15.8em B ; ]
74 ]
o= Lo — ]
7 Rrutaiy
V.7 Grout /
- 21 //L / 4
7 7
21.4m: Trace fine sand in a 1.3cm thick lense 7 .
and trace dark gray polished clay in a 6.4mm 7_‘/—/ /V::
! 4 s
thick lense ,7Z 14 | ss 15-28-50/5 | >50 [sooom » % )
= sy Z17R
& ? ]
g 77 ZI78
£ A ]
< 22.9m: Trace fine to medium sand in a 22 L1 ]
23 £ 6.4mm lense and trace dark gray clay ina /
i 2 1.3cm lense Va4 45.8cnV ]
4] < 15 | ss 13-26-50/5 >50 |45 8cm i
g 7 17
.
4 ﬁ 1
4
7 107
2/ iy
7 0
23.9m-24.2m: Gravel/cobbles present /
| _vasedondrilacton | | 2] som .
Har'?, gray, Iwefikly Iaminate(;j, SILTY CLAY, trace | CH A 24.4m . L /
dark gray clay lenses, trace fine sand in laminae, A~ 45 8cny|
tracegfing sug’rounded ravel (dropstone), moist L~ 16 [ 88 14-33-50/6 >50 |45.8¢m / ]
(GLACIOLACUSTRINE DEPOSIT) : ;
- 25 / 1
7 ' 1
¥ 2
Z. J
a4 /
25.8m: Presence of gravels A /]
25.9m: Well laminated, with trace fine to v, vy -~
126 medium sand and clay in 1.6mm lenses 7- 6om 117 | S8 25.50/4 50 ::g«::‘v /
Boring terminated at 26.1m bgs, slope 26.2m - i - ]
inclinometer installed at 26.2m . .
27
DRILLRIG: 2500 LOGGED: MS : =
DOT-50000204 A
DRILLING CONTRACTOR: Crux CHECKED: 7 Golder

) )
DRILLER:  S. Walker DATE: 8/19/99 Assoaates
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PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-7A

BORING LOCATION: North Line, Lower Hole

SHEET 1 _OF 2__
DATUM: MSL
BORING DATE: 5/19/99

SOIL PROFILE

SAMPLES

DESCRIPTION

DEPTH (METERS)
BORING METHOD

ELEV. BLOWS/ 15.2cm

63.5kg hammer
76.2cm drop

UsCs
GRAPHIC
LOG

NUMBER

TYPE

DEPTH

REC/ATT

PENETRATION RES!STANCE
BLOWS/FT.

10 0 3 4

PIEZOMETER
0 GRAPHIC

WATER CONTENT,PERCENT
Wp —_—— wl
]

32.4m

T
o

Boring speed drilled to install piezometer. See
log GA-7, located approximately 81.5¢m north,
for detailed soil description.

HWT Casing Advancer

0.0

| Log continuéd on next page

PVC Stickup 1.1m 3.80m —
1.D. Sch.
40 PVC
Casing

Bentonite —
Chips

' \\\\\\\\\\\\\\\\\j\\\\\\\\\\\\\\A\\\\L\\R\\&\\\\‘QTT\\\\\\\\\\\\\\‘\\\\
o N N N N N A N N N A A N A N A AN N A N A A A A S A A A S A A A AN A A N N AN A A S OO AN A S AN A NN NESSSASINNENNGN

DRILLRIG: 2500
DRILLING CONTRACTOR: Crux

DRILLER: S. Walker

LOGGED: MS
CHECKED:
DATE: 7/15/99

DOT-50000205 ~

?ﬁw
3

5




SHEET 2 OF 2
PROJECT: WSDOT/MP 322 RECORD OF BOREHOLE GA-7A
Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 .BORING LOCATION: North Line, Lower Hole BORING DATE: 5/19/99
g & SOIL PROFILE : SAMPLES P W= |piEzoveTeR
g i o |mev | . BLOWS / 15.2cm . 0 1 20 g0 40  soCGRAPHIC
|2 DESCRIPTION o | & o § w | 63.5kg hammer | N g WATER CONTENTPERCENT WATER
E § § § Q| oertH | 2 E 76.2cm drop o Wo wi LEVEL
Bsnl?nke—/—; 7]
ChT 4 L |
3.8¢i ;
L 10
- 11
L2 | 2
g
g
I
13
14
18.0m
Total depth 14.3m 14.3m
15
16
17
- 18
DRILLRIG: 2500 LOGGED: MS DOT<5( . ‘i
DRILLING CONTRACTOR: G : >0000206 &
: Crux CHECKED: =7 Golder
DRILLER: S. Walker DATE: 7/15/99 ASSOClatES




PROJECT. WSDOT/MP 322

Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-8

BORING LOCATION: Middle Line, Middle Hole

‘SHEET 1 _OF 7__
DATUM: MSL
BORING DATE: 5/24-27/99

@ |8 PENETRATION RESISTANCE
E‘ ?_: SOIL PROFILE SAMPLES Plé%&gﬁﬂgﬁ
w3 o laev | o BLOWS / 15.2¢m 9 o 5
< ® =4
£ | E DESCRIPTION £ o g w | 63.5kg hammer. % WATER CONTENTPERCENT WATER
u Q & Q| DEPTH 2| £ | 782emdrop & wplr—L—Jy——1 wi LEVEL
Lo 88.7m B
Loose, dark brown to brown, nonstratified, silty 0.0 n —,A
fine to coarse SAND, some fine to coarse gravel, . Imlinon;ler /
organics to 15.2cm (GLACIOFLUVIAL DEPOSIT) Casing / 1
/]
“
Lime —/
Cement / :
-1 Grout ,/,j .
I~
_______________ 87.2m /// -
Compact, light olive brown, nonstratified, fine to 5.0 /
coarse SAND, some fine to coarse subrounded /
gravel, fittle silt, wet (GLACIOFLUVIAL
5 EPGSIT) ?
"
]
]
]
"
g
5 a -
;
/]
]
B 4
. ]
g 1]
§ 2
g v
g 72178
]
8 2
5 ':;—: 9.2 ,/;
.2em/
1| ss 67-4 45.8cm /// 1
”
s
/]
[~
o ]
? ]
4
, %
]
s
/]
iy
/ ]
2
5 //,
s
s
4
/ ]
Ve
, 104
Lo ]
- R R
Log continued on next page - /

DRILLRIG: 2500

DRILLING CONTRACTOR: Crux

DRILLER: S. Walker/N. Salisbury

LOGGED: JOC/MS

CHECKED:
DATE: 7/15/99

DOT-50000207

| , Golder




PROJECT. WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-8

BORING LOCATION: Middle Line, Middle Hole

SHEET 2 OF 7 _
DATUM: MSL
BORING DATE: 5/24-27/99

SOIL PROFILE

SAMPLES

DESCRIPTION

DEPTH (METERS)
BORING METHOD

ELEV,

LOG
NUMBER

DEPTH

uscs
GRAPHIC

TYPE

BLOWS/ 15.2cm

63.5kg hammer
76.2cm drop

REC/ATT

PENETRATION RESISTANCE
BLOWS/FT.

10 3P 4 80

PIEZOMETER
GRAPHIC

WATER CONTENT,PERCENT
Wp —_— wi

F 11

- 14

15

Compact, fight olive brown, nonstratified, fine to

coarse SAND, some fine to coarse subrounded

gravel, fittle silt, wet (GLACIOFLUVIAL
EPOSIT)

HWT Casing Advancer

HQ Casing Advancer

11-14-11

25

15.3cm/
45.8cm

10-11-12

23

15.3cnv|
45.8cm

_Log-continued on next page

5.7cm SLN
Inclinometer
Casing

Lime —
Cement
Grout

AT AT A ST TGN A LTSS AR SRR SRR AR AR AR AN
|

DRILLRIG: 2500
DRILLING CONTRACTOR: Crux

DRILLER: S. Walker/N. Salisbury

LOGGED: JDC/MS

CHECKED:

DATE: 7/15/99

DOT-50000208

:
:

B




PROJECT: WSDOT/MP 322 RECORD OF BOREHOLE GA-8 SHEET 3 OF 7_

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: South Line, Upper Hole BORING DATE: 5/24-27/99
@ § SOIL PROFILE SAMPLES PENETRATION RESIiTANCE PIEZOMETER
el g BLOWSIFT. GRAPHIC
m w o | eev . BLOWS / 15.2cm 9 10 2 3P 40 £
s |o T & N E WATER CONTENTPERCENT WAT
E| 2 DESCRIPTION 9%, 2| w| 635kghammer 35 o Wi ER
u 8 i % Q| DEPTH 2 r 76.2cm drop &g 20 40 60 80 1 (.)O LEVEL
N
Compact, light olive brown, nonstratified, fine to SM 5.7cm —74
coarse SAND, some fine to coarse subrounded Slope /
ravel, little silt, wet (GLACIOFLUVIAL Inclinometer [ E
%EPOSIT) - Casing /
4 | 8S 10-9-8 17 Yes8em | | / ]
B I | _695m _ e, ‘;4 ]
Compact to dense, tan and gray, nonstratified to | SM 18.2m Grout /
crudely or thickly bedded, fine to medium SAND, 7]
little to some fine to coarse subrounded gravel, / h
trace ranging to somae silt, moist to wet /
(GLACIOFLUVIAL DEPOSIT) % .
L 20 ///
12.2cmv] /
5 | ss 3-1-6 7 |ssem| W g
4 4
- 21 g ]
/ —
12.2env| 19 /
2 6 | ss 10-12-15 27 |as.8em o n L] )
i % /
7 A
2
g ]
$ W
< |
o | £ A
(3] / / ]
o L]
I 15.3cmv] / /
7 | ss 7-9-10 19 [45.8cm 1 / / ]
: ]
0
72172
- 24 “B
o
7 7
7em /]
8 | ss 12-13-1 28 [1e0m n ﬂ ] ]
L 25 % ]
91
NI
9 | ss 6-24-16 40 0.0y ] 7]
45.8cm ? /
- 27 g g ]
Log continued on next page _ g
DRILLRIG: 2500 LOGGED: JDC/MS : < i_
DOT-50000209 A
DRILLING CONTRACTOR: Crux CHECKED: =) Golder
DRILLER:  S.Walker/N. Salisbury DATE: 2/7/2000 Associates




PROJECT: WSDOT/MP 322 RECORD OF BOREHOLE GA-8  SHEET 4 OFZ_

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: South Line, Upper Hole BORING DATE: 5/24-27/99
o [»)
& g SOIL PROFILE SAMPLES PENETR;I&%‘S?Fﬁ?'ﬁTANCE L'éﬁ%ﬁgn
E uf; O | ELEV. « BLOWS / 15.2cm . 9 10 P 3 40 50
E z DESCRIPTION A é o H'-é W | 63.5kg hammer N S Wi b CONTENT'PERCE::, I WATE:_R
413 2 | &9 oertH | 3] > 1 762emdrop o ™o a0 e 80 100 LEVE
R Sadho ot e e, | =l?
little to some fine 1o coarse subrounded gravel, ncinametar / 1
trace ranging to some sift, moist to wet 024 9 /
(GLACIOFLUVIAL DEPOSIT) 10 | ss 91113 24 {isoom] u ylg 1
28
Lime -
Cémn g ; ]
.
% A
- 29 e
717
7k
1 | ss 6-12-9 21 Z:ﬁ'c'; | ? 2 ]
L 30 g 6 l
v
A0
. a 2 _
L 31 12 | ss 5.9-12 21 Josem u ; ? ]
21
oV W
% oy
Z17%
3 1%
2 | S ; ? i
j 2178
L
g 2t 417
13 | ss 12-16-19 35 |458cm | % ? |
7R
| 33 /// %
21
] i
7
34 6.1em/ / / -
" 14 | ss 19-16-25 41 |45.8cm ; ; ]
YAV
/ i
é g
0
- 35 ? é =
ik
: . ,é 78
15 | SS 13-18-19 | 37 g:caz:/“ / ] ﬁ
35 é 1]
L __________ _ _524m /_/
" Son dosor 1T
-See description on Sheet 5 T 36.3m & /
- "Log continuad on next page j> / 7]
DRILLRIG: 2500 LOGGED: JDCMS ~ - - i
DRILLING CONTRACTOR: Crux CHECKED: DOT-50000210 é;é * Golder

. DRILLER:  S. Walker/N. Salisbury DATE: 2/7/2000




PROJECT. WSDOT/MP 322 RECORD OF BOREHOLE GA-8  SHEET 2 OF.L_

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: South Line, Upper Hole BORING DATE: 5/24-27/99
o D
2l SOIL PROFILE SAMPLES PENETH;I'C?V:;‘SF/‘?'ETANCE PIEZOVETER
= In )
g % o |mev | ¢ BLOWS / 15.2cm . 'l 20 3P 4 %
w N
E g DESCRIPTION a8, 8| w | 6a5kghammer g WATER CONTENTPERCENT WAJ:LR
il 3 [5G oepTH [ 3| F| 7e2emdrop i Wp Wi LE
Dense o very dens, light olive gray to light olive 5.7cm — ? ]
brown, massive to weakly straliﬂed% silty fine ,m,g'g",,;m, / ]
| o7 SAND and sandy SILT, wet (GLACIOFLUVIAL/ Casing %
GLACIOLACUS TRINE TRANSITIONAL 05
DEPOSIT) 16 | SS 19-28-20 48 | 4saem | ? i
- cLime' - /
Grout g 1
38 ?
17 | ss 15-20-25 45 |5m [ ] ; |
= ; ]
L 40 711
18| ss | 192327 | 50 |Sam ] ; |
? |
[=
o | 2 4
< -
® 7
8 |
e L]
I 30.50m » /
19 SS 16-21-31 52 |458cm / ]
42 ? 1
? _
/8
30.5¢cmf
20 | ss 24-26-40 86 lazam T’ é |
|44 é
21 [ ss| 204240 g2 [Toem L g 2 |
}es ; ]
" Log continued on next page ! ]
DRILLRIG: 2500 LOGGED: JDC/MS . S i
DRILLING CONTRACTOR: Crux CHECKED: DOT-50000211 é;é F Golder

DRILLER: S. Walker/N. Salisbury DATE: 7/15/99
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PROJECT. WSDOT/MP 322

PROJECT NUMBER: 993 1466.300

Landslide/WA

RECORD OF BOREHOLE GA-8

BORING LOCATION: South Line, Upper Hole

SHEET 6 OF 7
DATUM: MSL
BORING DATE: 5/24/99

o [a}
o
0 PROI PENETRATION RESISTANCE
Fu E SOIL FILE SAMPLES BLOWS/FT PIEZOMETER
i W i GRAPHIC
= = o | eLev . BLOWS /15.2cm 9 10 20 3 40 50
Ile I B E WATER CONTENTPERCENT
E £ DESCRIPTION 21%o 2| w | e3.5kg hammer N 3 wor——— L ———wi o
w9 @ |5Q| oertH | 2| | 7620mdrop i 20 60 8o 100 LEVEL
Dense to very dense, light olive rtgr? to light olive | SM/ 7.0cm , ? ]
brown, massive to weakly stratitied, silty fine ML lope ’
46 SAND and sandy SILT, wet (GLACIOFLUVIAL/ inclinometer ’ i
GLACIOLACUSTRINE TRANSITIONAL o st Casing ’
DEPOSIT) 22 | s§ 21-38-50 88 lissom ’ |
Lime ’
Cement 4
Sluny ’
s ) - — —— L — 1 _418m ] ’ ]
Very dense and hard, light olive gray to gra(], CL- 47.0m
massive to laminated, SILT, ranging to CLAYEY | ML
SILT, trace to some sand, wet ’ -
(GLACIOLACUSTRINE DEPOST) ’
30.5¢rV| ’
23 | 88 18-30-42 72 |4s5.8cm &2 L ’ i
48 ’ J
Tas) ? ]
24 | ss| 1240505 | >50 [t F* ’ ’ ]
5 %
o0 | 78
I
% ’
<
> a
g
3 /
(3 ]
g ’
25 Ss 37-50/6 50 [30.5cmv/
3 > 30.5cm ._’ ’ p
2 /
____________ | _36.6m i
Hard, gray, massive to faintly laminated, SILTY | CL- 52.2m 5 6crv ’
CLAY, moist (GLACIOLACUSTRINE DEPOSIT) v ML 26 | ss 6-11-22 33 [asgom "] ’ ]
52.3m: Observed a zone <15.3cm thick
containing hard angular clasts ’ .J
53 4 4
I/ 30.5cm
54 b4 54 27 | ss 14-30-50/3 >50 [38.1em ‘ i
Vav4 ’
yay ]
= 10
L ’ ﬁ
Log continued of next page g ’ ]

DRILLER:

DRILLRIG: 2500
DRILLING CONTRACTOR: Crux

S. Walker/N. Salisbury

LOGGED: JDCMS

CHECKED:

DOT-50000212

DATE: 7/15/99
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PROJECT: WSDOT/MP 322

Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-8

BORING LOCATION: South Line, Upper Hole

SHEET _7_OF 7_
DATUM: MSL
BORING DATE: 5/24-27/99

DRILLER:

S. Walker/N. Salisbury

DATE: 7/15/99

o 18 PENETRATION RESISTANCE
g 2 SOIL PROFILE SAMPLES BLOWS/FT PIEZOMETER
gl o |eew | o| [powssiszem 20 3 4 g CPHC
s |l & Q .
£ |2 DESCRIPTION a éo & w | 83.5kg hammer N % WDWATER CONTENT’PERCB‘;‘ l WATER
g |9 % |GSfveetn | 2| | 7e2emarop @0 20 40 60 80 100 LEVEL
[ 5° Hard, gray, massive to faintly faminated, SILTY CcL ':, ya 5.7cm —74 / ]
CLAY, moist (GLACIOLACUSTRINE DEPOSIT) ‘;{ aope /,; / ]
Casing
0= 28| ss| 1527508 15.3cm ] ¢
/:IA 38.1cm d / 4
4 s 1A
4 Grout /" /
r 56 -
~ N
o 1%
o iy 1
LA //"‘ [
/ B
. 4 g 714
L 57 ZZ% 29 | ss 15-32-50/3 oS o T_. ?‘ ; |
o / 4
47 717
= 1A
. 58 i % .
7 715
58.3m-58.7m: Observed polished surfaces 7’—73 ,//‘/ ? E
8 30 | ss 152550 75 [T » ///’ ? |
[ 47 g ///
| 59 - 77 / / 4
3 o 215
8 7> L] [
2 s 2 vy
2 s &‘/ ]
8 e ] ?
o 59.8m-60.1m: Observed vertical fractures Fars / / T
T e Sietumed ok S 7 o 17
60 | QY clasts oking i 31| ss 10-17-33 50 (12 gom % 7 -
_60.1m-60.4m: Very dense, light olive gray (7 / /
interbed of medium SAND, trace silt ; /—, Ié [
s g1
2175
Vs [
v ]
61 ' ? L1 T
A
61.3m-61.8m: Observad several polished joint i / ? R
surfaces oriented approximately vy / L]
perpendicular to sampler axis 7 a2 | ss 17-16-31 50 ﬁ.:z:' " / /
o 4 o
7 ] '~
Z 7
74 0
. L7
63 [t 33 | ss 199750 | 87 |eem L ol _’; ]
§ -4 25.1m
Boring terminated 63.3m bgs 63.3m
-64‘ -
DRILLRIG: 2500 LOGGED: JDC/MS . . 3 i
DRILLING CONTRACTOR: Crux CHECKED: DO‘T-'5000021 % F Golder
S




PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-8A

BORING LOCATION: South Line, Upper Hole

SHEET _1_OF 6
DATUM: MSL

BORING DATE: 6/1-7/99

DRILLER:

S. Walker/N. Salisbury

DATE: 7/15/99

(208 IS} SOIL PROFILE SAMPLES PENETRATION RESISTANCE
ui £ BLOWS/FT PIEZOMETER
Qg o |eev | BLOWS / 15.2cm 9 1 - g go GRAPHIC
E g DESCRIPTION @ go § w | 63.5kg hammer % WATER CONTENTPERCENT WATER
a1 @ |GG oeptH [ 2| F | 7620marop o Wp LEVEL
5 88.5m ' | B
i i i 00 PVC Stickup 45.8cm 3.8cm
et ey oo = é A
Riser / ///
A0 T
Benlonite—/ /
= / / ]
719
A7 ]
1%
717
714
1%
1A
|, /] ¢
0 ]
71%
1%
10 1
1y
2l4R
1%
L 2 / /
7
1%
1A
1y
A
715
” : g
% Iy
2178
g L (A
2 1Y
2 A1
3 11 |
T / /
11
1%
1A
21
778
215
-6 ] /
1%
219
10 ]
1%
2170
9
7 / / ]
1%
104 ]
1%
21%
]
21y
L 8 / / 4
219
A1 ]
21%
1Y
110 1
¥/ 9
9 ' ;;‘ / .
" | Log continued on next page
L A%
DRILLRIG: 2500 LOGGED: JDC/MS/FSM i
DRILUNG CONTRACTOR: Crux CHECKED: DOT-50000214 F Golder
? Associates




F6
| SHEET 2 O
A : MSL
A-8 v |
” o 6/1-7/9
HOL -
o NG DA
B BORI METER
ORD OF rHOIe RESISTANCE Plgggpmc
REC th Line, Uppe s =T
e LOCATION: Sou go qo : :
: WSDO A RING AMPLES L -l L
CT W dslide/W. . S = Wl —
- o .300 - :
P UMBER: 993 1466 - - % wp mm éa -
PROJECT N SOILPROFILE ¢ lo= gl e dp 2 —— L ;
E E & ' Riser |
Q & 8 PTH :Z) t / /
a 2 § Z S| e : (me—éf//
E 5 DESCRIPTION g B / / W
I 0
£ |z //
| 1
[a] / /
G |
219
%
10
1%
2178
9y
0 / / —
1 / /
1%
2158
214
2158
%
Ny |
- 11 / /
19
A0 ]
1%
Yy |
0Ny
-V 7
12 / /
%
11 ]
-V
g ]
s
1% |
%
1%
13 / / -
8 / |
] / / —
B / /
5 | | -
8 //
14 E / / -
I / /
A1 |
Vi
1%
)1 ]
s
11
15 / /
] 1A |
1%
“1%
10 |
1%
2158
219
16 // —
215
171
s
17
(ZB Golder
' ‘ IS5
15
/MS/FSM 002
LOGGED: JDC DOT—5 O .
18 Ab ] CKED:
Log continued on next pag E
: 2500
DRILL RIG: o o
CONTRA:!
DRILLING
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DATE:
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PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-8A

BORING LOCATION: South Line, Upper Hole

SHEET 3 OF 6
DATUM: MSL
BORING DATE: 6/1-7/99

SOIL PROFILE

SAMPLES

DESCRIPTION

DEPTH (METERS)
BORING METHOD

BLOWS/ 15.2cm 9 P 20 3 4

PENETRATION RESISTANCE

BLOWS/FT. PIEZOMETER

50 GRAPHIC

ELEV.

63.5kg hammer
76.2cm drop

uscs
GRAPHIC
LOG
NUMBER
REC/ATT

Wp

TYPE

DEPTH

WATER
LEVEL

WATER CONTENTPERCENT
wi

I 20

| 22

I 23

|24

25

26

F 27

21

HWT Casing Advancer

'Log continued on next page

Bentonite —
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DRILLRIG: 2500
DRILLING CONTRACTOR: Crux

DRILLER:  S. Walker/N. Salisbury

LOGGED: JDC/MS/FSM
CHECKED:
DATE: 7/15/99

DOT-50000216
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PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-8A

BORING LOCATION: South Line, Upper Hole

SHEET 4 OF 6 _
DATUM: MSL
BORING DATE: 6/1-7/99

) [a]
o PENETRATION RESISTANCE
E ,3_: SOIL PROFILE SAMPLES BLOWS/FT ) PE%OME‘](’:ER
w w : APHI
=] = o « BLOWS / 15.2cm £ U Y 50
- Q
T = I w
E £ DESCRIPTION 8 go QE'J E 63.5kg hammer S WATER CONTENTPERCENT t\g\TEH
u 2 %2169 2| | 762cmdrop & VEL
NourlZ
Sch. 40 / ]
B
iser /
.8 2150
Benton'ns—é /é
7
- 29 ::: 1]
- 30 é ;
rd |
wazo £ |
Stica "%
Sand
- 31
]
2
g
<
|- 32 o 3.8cm
s 10 Sch
L] 40 PVC
8} 2.54mm
E Slot
Screen
T
33
34
|35
- 36
Log continued on next page

DRILL RIG: 2500

DRILLING CONTRACTOR: Crux
DRILLER: S. Walker/N. Salisbury

LOGGED: JDC/MS/FSM

CHECKED:

DATE: 2/7/2000

DOT-50000217

B,




Landslide/WA

PROJECT: WSDOT/MP 322

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-8A SHEET 5 OF6

DATUM: MSL
BORING LOCATION: South Line, Upper Hole BORING DATE: 6/1-7/99

SOIL PROFILE

PENETRATION RESISTANCE

SAMPLES BLOWS/FT. ] PIEZOMETER

DEPTH (METERS)
BORING METHOD

DESCRIPTION

GRAPHIC
ELEV BLOWS / 15.2cm q 10 20 3 40 50
WATER CONTENT,PERCENT WATER

wpr———H———— LEVEL

63.5kg hammer

DEPTH 76.2cm drop

Uscs
GRAPHIC
LOG

NUMBER
REC/ATT

TYPE

37

38

39

L 40

41

of circulation)

HWT Casing Advancer

42

43

44

45

Note: Unable to install screen down to 47.3m due
to adverse drilling conditions (heaving sand, loss

Dryon
6/15/99

\TATAY
Slough/ —pwane]
Cavgd A

Soil b oA

Log continued on.next page

DRILLRIG: 2500
DRILLING CONTRACTOR: Crux

DRILLER: 8. Walker/N. Salisbury

LOGGED: JDC/MS/FSM

CHECKED: DOT-50000218 % E Golder

DATE: 7/15/99




PROJECT. WSDOT/MP 322

RECORD OF BOREHOLE GA-8A

SHEET 6 _OF 6 _

DRILLER:  S. Walker/N. Salisbury

DATE: 7/15/99

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: South Line, Upper Hole BORING DATE: 6/1-7/99
Fry o]
218 SOIL PROFILE SAMPLES PENETRATION RESISTANCE |
T BLOWS/FT. GRAPHIC
¢ = o |eevw | & BLOWS /15.2cm £ P 3P 4 P
I
£l 2 DESCRIPTION AT B| w | 6a5kg hammer N WATER CONTENTPERCENT e
g g @ | 59| oePtH [ 2| | 76.2emdrop o wpr————H———w
e
A
46 g sclg‘\‘rgg/ TERAY T
5 Soil  pY]
A TAY
L] A
2 AR
Q TATAY,
g A
ATAY
| 47 T ATAYAY
ATAY
41.2m EATAS
Boring terminated at 47.3m bgs 47.3m
48
- 49 4
- 50
51
52
53
54
DRILLRIG: 2500 LOGGED: JOC/MS/FSM i
DRILLING CONTRACTOR: Crux CHECKED: DOT-500002 19 é?’f = Golder
Associates




PROJECT. WSDOT/MP 322

Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-9

BORING LOCATION: North Line, Upper Hole

SHEET 1 OF 8 _
DATUM: MSL
BORING DATE: 6/11-14/99

7 8 PENETRATION RESISTANCE
é g SOIL PROFILE SAMPLES BLOWS/FT PIEZOMETER
o i GRAPHIC
w g o - BLOWS / 15.2cm e 0 Y 40 0
2 o Q
E Z DESCRIPTION 4 § ® é w | 63.5kg hammer N g WATER CONTENTPERCENT WATER
8 |8 2159 3| §| 7e2emdrop B wpr—— LEVEL
Lo - . ol
Loose, brown, silty SAND, little grave!, trace SM 5.7cm ——74 /
organics, dry (GLACIOFLUVIAL DEPOSIT) " ss 777 14 l-’;:f: Imlal:p":‘e’ / /
. c . 7
PVC Stickup 69.5cm 'y ;// ?
- Slots at NB6°W / / N
[ Compactiodens, it o b, ronafod | o i -ﬂ 7B
}“ to crudely bedded, silty fine to coarse SAND, Grout /‘
some fine subrounded gravel, moist to wet / é
(RECESSIONAL OUTWASH) / / p
2
A7E
2
i ? ]
g
1%
13
110 1
1%
n
; 78
A7
2178
04
/]
10
L4 i
1%
s [ 1
: 2\
<
g 7178
3 9.2cmv %
Q sS 2.8-13 21 {45.8cm F & |
s | £ e
A1
717
11
/7
] 1]
L6 V] ]
_____ U — 2178
Compact to dense, light olive gray, massive to SM / /
thickly beded, fine to coarse SAND, trace to little /
silt, trace ranging to some subrounded fine to / / 1
coarse gravel, varies to fine SAND, trace to little /
silt, trace fine subrounded ?ravel. moist to wet / /
(GLACIOFLUVIAL DEPOSIT) é 1
7 % g ]
Zl78
214
7178
7\
I 10
8 / /
Ah
2178
]
A%
17148
Lo 8717
" Log continued on next page ‘ / ? ]
DRILL RIG: - Burley 4500 LOGGED: CAV/JD"™ - L o ‘i
DRILUNG CONTRACTOR: Crux CHECKED: DOT-50000220 é;f F Golder
DRILLER: HundahVBuck DATE: 2/7/2000 Associates




PROJECT: WSDOT/MP 322

Landslide/WA

PROJECT NUMBER: 993 1466.300

BORING LOCATION:

RECORD OF BOREHOLE GA-9

North Line, Upper Hole

SHEET 2 OF 8
DATUM: MSL
BORING DATE: 6/11-14/99

& [=}
o ] SOIL PROFILE SAMPLES PENETRATION RESISTANCE
I BLOWS/FT PIEZOMETER
g |z BLOWS / 15.2cm ) 20 3 40 50
< P Q ELEV. P £
I
E g DESCRIPTION 2o § w [ 63.5kg hammer N g WATER CONTENTPERCENT WATER
u 9 % 9] DEPTH 2| £ | 7e2emadrmp o wi LEVEL
Compact to dense, light olive gray, massive to 5.7cm _;é 7]
thickly beded, fine to coarse SAND, trace to little 3 ss 16 9.2cmv = Stope /
sit, trace ranging to some subrounded fine to 3-6-8 45.8cm Inclinometer ]
_coarse gravel, varies to fine SAND, trace to little Casing /
silt, trace fine subrounded gravel, moist to wet /
(GLACIOFLUVIAL DEPOSIT) / i
Lime —/
Cement / .
Grout /’
]
g
«©
>
O
<
2
w
21.4em/
g ss 5-13-18 21 [oapm
T

“Log continued on next page

' -
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PRILLRIG: Burley 4500

DRILLING CONTRACTOR: Crux

Hundahl/Buck

CHECKED:
DATE: 7/15/99

LOGGED: CAV/AJDC

—
\

DOT-50000227

Golder




SHEET 3 OF 8 _
PROJECT. WSDOT/MP 322 "RECORD OF BOREHOLE GA-9 -
Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: North Line, Upper Hole BORING DATE: 6/11-14/99
v (o]
E g SOILPROFILE SAMPLES PENETR;\IIO()vcslle?ISTANCE PEzouETen
w |2 o | eev BLOWS / 15.2em 10 20 3 4 &
2 e g fid E
|2 DESCRIPTION 0 éw 8| wl easkghammer | N 3 WATER CONTENTPERCENT WATER
E § § & S| pepPTH § g 76.2cm drop Y wp————HF———w LEVEL
Compact to dense, light olive gray, massive to ' 5.7cm _,A ,
B a0 some subroundodnato. s [ss| s |27 [2EH " e 4 ]
coarse gravel, varies to fine SAND, trace to little . asing /
silt, trace fine subrounded grave!, moist to wet / /
(GLACIOFLUVIAL DEPOSIT) Py 0 1
|19 Lime —/ /
gt ,47/
10
a1z
7
20 ]
10
219
-
1%
10
: -
i 7 ]
7 g
6 | ss 6-12-29 4 |oam r 42 ]
R
| 20 . /// ﬁ ]
o
70
oy
23 3 ] [~
E 78
g 0 |
7V
10
717
24 % ] |
a7
7 | ss 4-26-40 66 |ioomm | ? ,// i
2 7178
i % //"
0 -
21%
10
-
21%
L 26 ? %
9\
/) / ]
219
1%
21%
27 / /
7 11
719
Log continued on next page // %
DRILLRIG: Burley 4500 LOGGED: CAV/JDC =
DRILLING CONTRACTOR: Crux CHECKED: DOT-50000222 é’f F Golder
DRILLER:  HundahVBuck DATE: 7/15/99 Associates




PROJECT: WSDOT/MP 322

RECORD OF BOREHOLE GA-9

SHEET 4 _OF 8

Landslide/WA DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: North Line, Upper Hole BORING DATE: 6/11-14/99
@ [=}
o SOIL PROFILE PENETRATION RESISTANCE
E ,.3_: o o SAMPLES BLOWS/FT. [ | PIEZOMETER
w w ) GRAPHIC
= |2 o BLOWS / 15.2cm 20 30 49 5
= |g I o =
z
ln-_ g DESCRIPTION E ) 923 E 63.5kg hammer g WATER CONTENTPERCENT WATER
8| a 9 2| ¥ | 762cmdrop o Wi LEVEL
Compact to denss, light clive gray, massive to ]
thickly beded, fine to coarse SAND, trace to little [ 54
silt, trace ranging to some subrounded fine to 8 | S8 18-50-45 /
coarse gravel, varies to fine SAND, trace to little /
silt, trace fine subrounded gl;ravel, moist to wet /
28 (GLACIOFLUVIAL DEPOSIT) /
27.5m: Becomes very dense Lime — /
Cement /
Grout ”//
- 29 /// ]
~ 5.7cm —7‘
1] Slope
< Inclinometer /
g Casing /
é ?’
&
3 1]
- 30 & 7]
: /
9 | ss 31-38-45 » é i
[ 31 2
3 /// ]
L 33 ?
3 10 | s8 17-27-36 *—» é
|- 34 5 /
%
< /]
[+
£ ]
w
& 72178
o
; 4
[ 5 ]
? .
. Y |
" | Log continued on next page ‘ / N

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux

LOGGED: CAVADC

CHECKED:

DATE: 7/15/99
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" DOT-50000223

Golder




PROJECT. WSDOT/MP 322

Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-9  SHEET 5 CF8

BORING LOCATION: North Line, Upper Hole

DATUM: MSL
BORING DATE: 6/11-14/99

o § SOIL PROFILE SAMPLES PENETRATION RESISTANCE | oMETER
S BLOWS/FT GRAPHIC
w w 0 0 0 0 50
¥ b3 o « BLOWS / 15.2¢m . 1| E K\ 4
z |2 DESCRIPTION " é 2wl e skghammer | | £ WATER CONTENTPERCENT WATER
& |5 2|28 3| & 2 —_— LEVEL
g 8 g o9 2 & 76.2cm drop T Wp wi
Very dense, light olive gray, massive to thickly SM : ’ / ]
beded, fine to coarse SAND, trace to little sitt, 1 | ss 18-26-28 54 |24 r" ﬂ ﬂ J
trace ranging to some subrounded fine to coarse 45.6cm
37 gravel, varies to fine SAND, trace to little silt, /
trace fine subrounded grave!, moist to wet / /“
{(GLACIOFLUVIAL DEPOSIT) // / J
Lime —/ /
Cement / / 4
Grout V/ L/
0
38 4 2
5.7cm ~§ /
Siope ]
Inclinometer / /
Casing / /
71
L 30 L] ? .
1%
17 -
17
n
12 | SS 22-28-32 60 3'52;2;/7\ / J
4o ’ %
A0
)
7
2178
& % /
o | 8 oV
< ]
g i f
g 7%
o s / 1
I ; ’4
] v
a2 | - - - — - L~
Hard and very dense, light olive brown, stratified | gy ] L~
to massive, silty fine SAND, trace to little fine . CL / /
gravel, with interbeds of SILTY CLAY, trace sand, ] 1
moist to wet (GLACIOFLUVIAL / / /
GLACIOLACUSTRINE TRANSITIONAL 7]
DEPOSIT) _ ,/// %8
o5 13 | ss 24-28-50 78 [smen] F = 7’ ? 1
1
217
? g |
» 1%
? i
W
a5 2178
9\
111
7%
_ 0
Log continued on next page ¥ P

DRILLRIG: Burley 4500

DRILLING CONTRACTOR: Crux

DRILLER:

Hundahl/Buck

LOGGED: CAV/JDC

CHECKED:

DATE: 2/7/2000
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PROJECT: WSDOT/MP 322

RECORD OF BOREHOLE GA-9

SHEET 6 OF 8 _

Landslide/WA DATUM: MSL
& o
o PENETRATION RESISTANCE
E EE SOIL PROFILE SAMPLES BLOW! PIEZOMETER
- S/FT.
5| u < GRAPHIC
= BLOWS/15.2cm 0 10 20 3 40 50
£z o | eev. | o E
I
E|Z DESCRIPTION 2|2 é w | 63.5kg hammer | < WATER CONTENTPERCENT WATER
o
il 2 1% pepri | S F| 7620marop i Wp wi LEVEL
Hard and very dense, light olive brown, stratified 4
to massive, .e%ty fine SAND, tracs to little fine SCT/ s 30,50y | 34 :’//
- 46 gravel, with interbeds of SILTY CLAY, trace sand, 14 21-31-50 81 lasacm |
moist fo wet (GLACIOFLUVIAL / L/
GLACIOLACUSTRINE TRANSITIONAL /
DEPOSIT) / 1
Limi -—/

———_——_— == — = — Cement / E
Very dense, light olive gray, massive to thickly SM Grout /
beded, fine to coarse SAND, trace to little silt, /

L 47 trace ranging to some subrounded fine to coarse J

gravel, varies to fine SAND, trace to little silt, /
trace fine subrounded gravel, moist to wet /
{GLACIOFLUVIAL/ GLACIOLACUSTRINE / ]
TRANSITIONAL DEPOSIT) /
30.5¢nv/
15 | ss 20-36-45 91 [ts.8cm ,* ? |

- 48 2 J

5.7 —?Z T

Siope 7]
inclinometer /

Casing / E

4o /)

/// E

50 8 ‘ﬂ |

3 /]
s "
z AV
[
8 16 { ss 28-33-35 68 [t | o //; |
(s}
T "
51 é -
Vi o 3 bt v gy, masse o | 7178

52 weakly stratified, SILT, little to sogmeysand, and %LL ://4/

CLAYEY SILT, moist to wet 9
(GLACIOLACUSTRINE DEPOSIT) /4 0

—— % /// 1

= 7

} 45.8cm ? 0

— 17 | ss 19-29-50 79 |458cm | 34 [/ /—é |

" 7

i

' Log continued on.next page . 1 7E

DRILLRIG: Burley 4500
DRILLING CONTRACTOR: Crux

DRILLER:  Hundah!/Buck

CHECKED:
DATE: 8/19/99

LOGGED: CAVIDC L ) ) )
DOT-50000225

L7 Associates

Gold

cr




PROJECT. WSDOT/MP 322

Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-9

BORING LOCATION: North Line, Upper Hole

SHEET 7 OF 8 _
DATUM: MSL
BORING DATE: 6/11-14/99

@ 8 PENETRATION RESISTANCE
I SOIL PROFILE SAMPLES sLows/er M PIEZOMETER
510 GRAPHIC
2| = o |eev | o BLOWS / 15.20m . 1 20 3 4 50
P Q
E £ DESCRIPTION @ é © § w | 63.5kg hammer N g WATER CONTENTPERCENT WATER
@ |9 o | &S| oertH | 2| ¥ | 7620mdrop u Wp Wi LEVEL
% Very dense and hard, light ofive gray, ML b /] T
weakly stratitied, SILT, little to some sand, and cL /“
CLAYEY SILT, moist to wet — / E
(GLACIOLACUSTRINE DEPOSIT) /
I CEES:’" ] ; ]
s 56 —- /
RO / -
— ]
//;; -
8cm/
18 | ss 1734504 | >50 [saaem T ; |
L 57 - /// 4
= iz, 141 ]
Inclinometer
Casing /// -
% — é ]
— / |
] 9
— L/ 1
| - A
59 = %
8 0/ |
§ — 2
3 ———
‘,f,, 59.5m-60.0m: Fractured and disturbed, Er—— / —
£ containing hard angular GLAY dlasts and . 1580m ! L/
& ggrl;‘s‘r:lee?arxaigtures oriented 0-90° wrt - 19 | ss 13.24-26 50 45::gm 'R % |
g 59.8m: ppen 3.5-4.0 tsf —_ /
| 60 60.18,-60.21m: Observd a 2.5¢cm thick / 4
lense of fine to coarse SAND F— /
= A |
ry
— ]
61 % o
104 ]
”
- 171 |
= /
1 1A
(7] — I/
( 2148
/
— )
0/ .
— a 30.5¢mvi /
20 | ss 11-18-26 44 (45 pom u A A
" = W
— o
]
? 4
] ]
— ]
L6 _ : 117
Log continued on next-page A

DRILLER:

DRILLRIG: Burley 4500
DRILLING CONTRACTOR: Crux

Hundah{/Buck

LOGGED: CAV/JDC

CHECKED:

DOT-50000226

DATE: 7/15/99

&)
g
:

23




PROJECT: WSDOT/MP 322
Landslide/WA

RECORD OF BOREHOLE GA-9

SHEET 8 OF 8 _

DATE: 2/7/2000

DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: North Line, Upper Hole BORING DATE: 6/11-14/99
o o
@ 8 SOIL PROFILE SAMPLES PENETRATION RESISTANCE PIEZOMETER
I BLOWS/FT. GRAPHIC
g 3 o 1 eev < BLOWS / 15.2cm . 10 P 3P 40 0
E E DESCRIPTION é © § W | 63.5kg hammer g WATER CONTENT,PERCENT WATER
!__(w—_|
i 0| oerth [ 2| X 7620marop P Wp wi LEVEL
Les |25 m—— - P17 ]
@ 2 | Very dense and hard, light olive gray, massive to /
O 9 | weakly stratified, SILT, little to some sand, and 21 ss 12-20-25 u
g © | CLAYEY SILT, moist to wet E
I< | (GLACIOLACUSTRINE DEPOSIT) 23.2m §
Boring terminated 64.5m bgs 64.5m 1
L 65 ]
Tes
L 67 i
L 68 4
| 69 ]
-
I 70
L 71 -
s 72 p
73 7]
DRILLRIG: Burley 4500 LOGGED: CAV/JDC i
DRILLING CONTRACTOR: Crux CHECKED: DOT-50000227 é;f F Golder
DRILLER: Hundah{Buck Assouams




PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

BORING LOCATION: North Line, Upper Hole

RECORD OF BOREHOLE GA-9A SHEET 1.0OFS

DATUM: MSL
BORING DATE: 6/15-16/99

DRILLER:  Buck/J. Salisbury

% % SOIL PROFILE SAMPLES PENETRQI:)O\;!;?ISTANCE pezoueren
vl = o | ewev I BLOWS / 15.2cm 20 % 50
z % DESCRIPTION o |, 8 w| 63.5kghammer g WATER CONTENTPERCENT WATER
i 2 |EQ| oertH | 3| F| 7e2cmdrop o wor——H LEVEL
Lo _ - _ _ 87.7m araky
e e oo S wmTl
Riser ; ///
104 1
717
I 1
1 1%
714
Bentonite "7‘, /
7178
a1
10
, oy
11
%
2178
.
i7n
L3 é ;: _
W
00
1
71
7178
L 4 / /
N ”
7
8 A0
2 giZe
b | 7
/ 4
2
]
1%
758
"
! 7.
217
0
o
N
|7 4 2 1
¥
.
o
L 0 ]
1%
A0 ]
a0 |
sy
: ///'/ ]
-9 iy ? '
' " | Log continued 6n next page
DRILL RIG: Burley 4500 LOGGED: CAV/FSM ‘i
DRILLING CONTRACTOR: Crux DOT-50000228 é;é = Golder
Associates




6
SHEET 2 OF
: MSL
- o 6/99
" o 6/15-1
OL E:
e G DAT
o BORIN =
ORD OF B r HOIe RESISTANCE Plgé(xgmc
REC North Line, Uppe PENETRQPC())V’:S/F[ - : 50 R
: . WATE
" CATION : | :
OT/M Lo " w - LE
PROJECT WD s N SAM:m | =5 —
| - ' BLOWS/ 15. . : ;é
ER: 9 T ; ~
NUMB E r kg hammer 2 l%'scgl /
PROJECT SOIL PROFIL g | Ewev 'é!' IEI;LJ ec;gzim o . :; -
a é § %% DEPTH z. J 2 -1
E E DESCRIPTION 8 /
3 P / / '
E |2 //
| 2150
Q Bemonha—;,/ /
"y |
1%
1%
0
1%
2158
1%
10 / / -
1%
Yy
A1 -
21%
) / ]
)
N
F 11 / / 1
9y
9
1%
] 0 |
1%
"y
104 4
12 / /
17
7170
1%
219
A1
3 / /
- 1 / / -
] / /
H //~
B / /
S | / -
8 //
14 / / -
g //
% |
A%
1%
0
1%
10
15 / /
% |
1%
215
1 ]
715
2128
1
16 //; /// -
17
(F5F Golder
B 5
9
: CAV/IFSM 000022
LOGGED: DOT—S
18 | - KED:
‘ L gv'cominu_'ed on next pag =
: Burley 4500
DRILL RIG: e
CONTRAC
DRILLING

DATE: 7/15/99
isbury

R:  Buck/J. $a|¢s

DRILLER:




PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

BORING LOCATION:

North Line, Upper Hole

RECORD OF BOREHOLE GA-9A SHEET 3 OF6
DATUM: MSL

BORING DATE: 6/15-16/99

SOIL PROFILE

DESCRIPTION

DEPTH (METERS)
BORING METHOD

ELEV.

GRAPHIC

UsCs
LOG

DEPTH

NUMBER

TYPE

=]

PENETRATION RESISTANCE

40

50 GRAPHIC

PIEZOMETER

REC/ATT

WATER CONTENT,PERCENT

wi

WATER
LEVEL

&

19

- 20

21

- 23

HWT Casing Advancer

- 24

25

|26

Bentonite —

SOSSSINSSINNK

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

ALATHAETALITA LTS LA SRR EEA R L LA LA R AR R AN

"~ ] Log continued on next page

DRILLRIG: Burley 4500

DRILLING CONTRACTOR: Crux

| DRILLER: Buck/J. Salisbury

LOGGED: CAV/FSM

CHECKED:

DATE: 7/15/99

DOT-50000230

Golder




PROJECT: WSDOT/MP 322

RECORD OF BOREHOLE GA-9A

SHEET 4 _OF 6 _

DRILLER:

Buck/J. Salisbury

DATUM: MSL
Landslide/WA o
: MBER: 993 1466.300 BORING LOCATION: North Line, Upper Hole BORING DATE:
i PENETRATIONRESISTANCE |~
SAMPLES BLOWSIFT GRAPHIC
g § SOIL PROFILE —— . nowsrr B |
g E ;‘:) 5 E WATER CONTENT,PERCENT n/?\'/rEEf
E (Zg DESCRIPTION 9 58 - E si.:;igazg;er ;ui wo W wl
% § 5194 z SA&: ;é —]
"D'Psvec':" / ? g
Riser / /
ZI90
1%
19
10
28 / /
110 |
Bentonite —/ /
en| / / )
21y
1%
104
|- 29 / /
10 |
0
21%
10
715
10
- 30 / /
0
21%
21%
110 1
-Vl
107
1%
10 ]
- 31 / /
1%
IR
- 7
: 110 4
< / /
: 2178
2 | e /7
2 / /
(&3 / / -
g 47
A
1%
178
33 / /
A
110
A0
i
1%
ZI%8
217
- 34 / /
11
1%
11
1y
RZIon
21%
21%
| 35 / / -
Y
10 ]
21%
2158
1%
| 7178
) Y
‘Log continued on next page -
LOGGED: CAV/.F5M 4 7
DRILL RIG: Burley4500R . o DOT_50000231 ' Gomer
DRILLING CONTRACTOR: Crux

DATE: 7/15/99




PROJECT: WSDOT/MP 322
Landslide/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-9A

BORING LOCATION: North Line, Upper Hole

DATUM: MSL

BORING DATE: 6/15-16/99

SHEET 5 OF 6 _

fry [a]
) g SOIL PROFILE SAMPLES PENETRATION RESISTANCE PIEZOMETER
w = BLOWS/FT.
E o 0 0 0 GRAPHIC
g = o < BLOWS / 15.2em . 0 P 3 4
= o ‘ T w
E é DESCRIPTION 8 o ® g W | 63.5kg hammer g WATER CONTENT,PERCENT KVEA\‘/I'ER
x —_— EL
g 9 2169 2| £ | 782cmdrop e Wp ) wi
3.6cm —74 /
1.0. Sch. /
40PVC 7]
37 Riser é /
Bentonite -é ? ]
£
AN
o —|
Silica
- 38 Sand
39
39.0m-40.6m
3.8cm
1.D. Hand
Slotted
. 40
PVC
Screen
- 40
39.0m-51.0m
P 3.8cm -
@ .0,
I 41 3 Sch. 40
< PVC
2 Screen
£ 2.54mm
< Slot
o
o
I
|42
-43
v
44 4h.om
711199
- 45
Log continued on next page

DRILL RIG: Burley 4500

DRILLING CONTRACTOR: Crux

DRILLER:  Buck/J. Salisbury

\

LOGGED: CAV/FSM )
DOT-50000232




PROJECT: WSDOT/MP 322 RECORD OF BOREHOLE GA-9A SHEET & OF 6
Landslide/WA DATUM: MSL

PROJECT NUMBER: 993 1466.300 BORING LOCATION: North Line, Upper Hole BORING DATE: 6/15-16/99

PENETRATION RESISTANCE
BLOWS/FT. ] PIEZOMETER

GRAPHIC
ELEV. BLOWS / 15.2cm Q 10 20 30 40 50
WATER CONTENT,PERCENT WATER

wp—— A LEVEL

SOIL PROFILE SAMPLES

DESCRIPTION 63.5kg hammer

76.2cm drop

DEPTH (METERS)
BORING METHOD
uscs

GRAPHIC

LOG

NUMBER
REC/ATT

TYPE

DEPTH

- 48

L a9

- 50

51

- 52

63

54

HQ Casing Advancer

35.9m

Bottom of hole at 51.9m bgs

51.9m

DRILLRIG: Burley 4500 LOGGED: CAV/FSM L i
DRILLING CONTRACTOR: Crux CHECKED: DOT-50000233 é;f‘ = Golder
Associates

DRILLER:  Buck/J. Salisbury DATE: 7/15/99



el

PROJECT: WSDOT/MP322/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-10

BORING LOCATION:

Highway 101 at MP 322

SHEET _1_OF _3_

DATUM: MSL

BORING DATE: 8/30-31/99

a
0 PENETRATION RESISTANCE
E % SOIL PROFILE SAMPLES BLOWS/ET PIEZOMETER
= : GRAPHIC
g z © | ELEV « BLOWS / 15.2cm E 9 10 P 40 50
I
Elz DESCRIPTION 9|20 g w 63,50 hammer N g WATER CONTENTPERCENT WATER
B I
€19 g | &S| oePTH | 3| F cm drop @ Wp w LEVEL
Lo 41.8m
Loose to very loose, olive, massive to faintly ML 0.0m =
laminated, fractured, SILT, trace fine sand, trace \
rounded fine to coarse grave!, moist, contains . \\\ 1
harder SILT clasts in a loose matrix of silt %
(TRANSITIONAL LANDSLIDE DEBRIS) Lime/ — \ R
ngemn( %
o — N
= N
] ‘Q ]
= e N
Casing \ —
(RST Brand) \\\\
1] 8s 1-2-3 5 |61em] W %
45.8cm| % T
| 2 \
\\\ |
\
\ |
N
L 3 % -1
. N
= 2 | ss 1412 3 |sen| B %
| —. 45.8cm| 7
N
= N |
[ 4 A I | | sram | S 1
2 | Very loose to compact and very soft to stiff, CL- //Lf 4.1m Bentonfte — / ]
$ | nonstratified, mottled, fractured, SILT rangingto | ML Z/ L]
2 | SILTY CLAY, moist, contains hard angular clasts s . /
2 | inamore loose matrix (GLACIOLACUSTRINE > g L]~
% | LANDSLIDE DEBRIS) A ‘ - [
o ~a 3 {ss 11141 2 |%7n|l v
L 5 E Va7 61.0cm| /
ES Fra i
A 1
o ]
5.5m: Grout loss during installation > o < ]
i 4 | ss 2-55-4 10 fs97emd ] \\\
&1.0cm Limel — ‘\\\ .
. 7 Smer! %
L _
e 5 | ss 1224 4 ool m § ]
rd § p 1.0cm oHo | w| \
Fa 245 N
= bgs |ATD \\\
, ¥z N |
iy N
" 6 | ss 3-47-8 1154904 N
77 61.0cm| \“}‘\\ |
___________ I R
hirm to stiff, light bluish gray and olive brown to cL /f, 7.5m |
light olive, nonstratified, mottled, fractured, -
CLAYEY SILT to SILTY CLAY with harder /‘/ \
" subrounded to angular polished clasts, moist to sy 7|88 5-4-5-5 9 {3a7em \ .
wet (GLACIOLACUSTRINE LANDSLIDE i 1.00m \
DEBRIS) s % i
) 2.4 %
v 7 7 \% .
# 8 | ss 3359 8 fasenl W k\
,/,/ ] . 61.0cm % A
Lo T N
A — A RN
- Log continued on next page

DRILLER:

DRILL RIG: 2500

DRILLING CONTRACTOR: Crux

Shawn Walker

LOGGED: F. Mocker

CHECKED:

DATE: 2/7/2000

50000234
DOT-5000 | %-Gold,er




PROJECT: WSDOT/MP322/WA

RECORD OF BOREHOLE GA-10

SHEET _2 OF _3_
DATUM: MSL

PROJECT NUMBER: 993 1466.300 BORING LOCATION: Highway 101 at MP 322 BORING DATE: 8/30-31/99
o
PENETRATION RESISTANCE
o |9 SOIL PROFILE SAMPLES P lPIEZOMETER
= i ° 0 " - 0 GRAPHIC
g1z o | eEv | o BLOWS / 15.20m £ 1 PP 4
I w
E Z DESCRIPTION 21%0 2f w B%gkzg hag,mer N g WATER CONTENTPERCENT r/EAJgF
o .2cm drop —_—
] ] 216 9 DEPTH 21 F u Wp wi
N N
Firm to stiff, light bluish gray and ofive brown to §
light olive, nonstratified, mottled, fractured, " 29.7cm
CLAYEY SILT to SILTY CLAY with harder 9 |ss 3457 9 |wrm W §
subrounded to angular polished clasts, moist to 3 \
wet (GLACIOLACUSTRINE LANDSLIDE Limer '—\
DEBRIS) Grodt \
- 10 §
10 | ss 2457 9 (%6 s \
61.0cm| \
57cmID 1
2 N
asing
______________ _31om | Brand) %
Hard, olive gray to light olive gray, laminated, 10.8m oy N
-1 SILTY CLAY to CLAYEY SILT with thin (~2.5¢m) n|ss 282228 30 5% L \%
interbeds of dark gray CLAY, moist, contains \
scattered joints(Qg! BLOCK IN OLDER SUDE \
DEBRIS) L §
12 SS 8-16-24 40 |30.5cm \
45.8cm \\\\\\
2+ - _ 1 4 _29.7m | §
Very dense, light bluish gray to light olive brown, 12.0m \
faintly bedded, fine to coarse SAND, little \
subrounded to subangular fine to coarse grave!, 13 | 88 7-30-24 54 |33.6cmf [ =3 \
trace silt/clay, moist (Qgfd BLOCK IN OLDER 45.8¢m)| \\
SLIDE DEBRIS) %{
. §
S D _285m | N
8 | Very stitt to hard, dark biuish gray, nonstratified to | CU {27 13.3m %
E faintly laminated, fractured, SILTY CLAY 1o CLAY, | CH 7, \
< moist, contains hard angular clasts in a softer s, \
2 | matrix (OLDER SLIDE DEBRIS) ?;t §
23 o A
6 | O 14 | ss 5-12-18 30 14580 ﬁ \
- g 45.6cm \
5 v N
= 7 §
A \
A \\\
7 N
____________ | LA 21 om | \
Compact, light olive, mottied, tine to coarse 3 14.8m \\
- 15 SAND and fine to coarse subrounded to rounded \\\
GRAVEL, trace sil/clay, moist to wet, occasional \
bluish gray CLAY to SILTY CLAY, little sand, Bttle §
ravel mottling (OLDER SLIDE DEBRIS;
g o ) 15 | 85 16-15-12- | 27 |1esemy [ \
45.8cm %
16 §
) - —— — — — — — — — ~248m 12.2cm4 n %
- 17 Vary stiffto hard, bluish gray, laminated, SILTY 17.0m | 16 | S8 6815 Sl e \
CLAY to CLAY with thin (<1mm) very light gray \
laminae (ash?), damp to moist \
(GLACIOLACUSTRINE DEPOSIT) §
ppen - >4.5 tsf ’ . \
L —— - _239m %\
18 _See description on next page 17.8m § _
N
Log continued on next page
DRILLRIG: 2500 LOGGED: F.Macker i
DRILLING CONTRACTOR: Crux CHECKED: DOT-50000235 é;é F Golder
DRILLER: Shawn Walker DATE: 2/7/2000 ) Assoam




RECORD OF BOREHOLE GA-10

PROJECT: WSDOT/MP322/WA

PROJECT NUMBER: 993 1466.300 BORING LOCATION: Highway 101 at MP 322

SHEET 3 OF 3_
DATUM: MSL
BORING DATE: 8/30-31/99

@ § SOIL PROFILE SAMPLES PENETRATIONRESISTANCE |
g '-us BLOWS/FT. GRAPHIC
g 2 o |eev | ¢ BLOWS / 15.20m . ? 10 P P__4Hp
D:E g DESCRIPTION () é @ '§ w | 63.5kg hammer N g WATER CONTENT.PERCENT WATER
il I @ |&Q| oepn | 3| % | Tofmdep o wp———HA———w LEVEL
TN
Very dense, light olive gray to light olive brown, SwW \
crudely stratified, fine to coarse SAND, trace to 17 | S8 36-50/6 >50 [15.3cm/ | 34 § % ]
some fine to coarse subrounded to rounded 30.5cm %\ \
_gravel, trace silt/clay, occasional silt interbeds, ) \\\ \\\
slight iron oxide staining throughout, moist to wet Bor e l\\\\ \\ E
[ 1o (GLACIOFLUVIAL DRIFT) bgs ATD\% %
N A
- 5.7cm ID '% \:\\\\
3 Inclinometer \ \ i
e Casing (RST N R
g Brand) \ §
2 NN
Lo | £ L § §
] 18 | SS 40-50/6 >50 |24.4cnv| \ \ ]
Qo 30.5cm § \
g NN -
Lime/ —% \
Cement '\\ §
Grout % % ]
N N
- 21 :\\\\\: % 4
N
203m | 19 [ 88 50/5 50 ‘fzﬂ =
Total depth 21.5m bgs (sampled) 21.5m
- 22
|- 23
]
|24
s
26
27 DOT-50000236
1 l L i

DRILLRIG: 2500
DRILLING CONTRACTOR: Crux

Shawn Walker

LOGGED: F. Mocker

CHECKED:
DATE: 2/7/2000

DRILLER:



pROJECT wspoTmPazzwa  RECORD OF BOREHOLE GA-10A  SHEET 1. OF 2.

DATUM: MSL

PROJECT NUMBER: 993 1466.300 BORING LOCATION: Highway 101 at MP 322 BORING DATE: 9/1/99
E § SOIL PROFILE SAMPLES PENETR::’IOC:I:JS%ETSIETANCE PIEZOMETER
g % o |eevw | ¢ BLOWS / 15.2cm . 9 1 20 3 4 s5CMC
E| 2 DESCRIPTION @ % - § w ! easkghammer | N < WATER CONTENTPERCENT WATER
Lou 8 g z Sl pepTH % E 70.2cm drop ‘é Wp'—Cw——'M LEVEL
Lo 41.8m
Boring was speed drilled to install piezometer. 0.0m ﬁmnd.up —a1 10
Sea log for GA-10 for detailed soil description. onument 1,1 1~ ]
Concrete ', |* A
7" r—
178
Bentonite —4 /
- 1 Chips / /// -]
101
5.1cm _/ /
oo 17 %
Sch.40 / 1
PVC /
Casing / /
0
" /
m
7y
70
0
3 ‘ Bentonite —\é\ § -
. Granules \ §
NN
N
.- SNE
; R
§ N \ 1
g R
2 NN -
3 %.\ R
NN 1
s | & R
N1
NN
10/2 : J
Silical
Sand
.5 ]
Note: Turbid water observed from *D" drains
located near GA-2/2A while drilling down from
6.1m bgs 1
.7 4
7.7 ]
9/20/99
8 1
5.1cm
) sehk0
PVC
2.54mm
Slot
Screen
L9
Log continued on next page
DRILL RIG: . 2500 LOGGED: F. Mocker DOT-50 000237 i
DRILLING CONTRACTOR: Crux CHECKED: é%ﬁ EGolder

7, s
DRILLER:  Shawn Watker DATE: 2/7/2000 Assouales




PROJECT: WSDOT/MP322/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-10A

BORING LOCATION: Highway 101 at MP 322

SHEET 2 OF _2_

DATUM: MSL

BORING DATE: 9/1/99

o
@ o SOIL PROFILE PENETRATION RESISTANCE
ﬁ E SAMPLES P "'&2,":‘5.2 ER
3|2 o |Eev | o BLOWS / 15.2cm . © 2 P 4 5
I w
'E z DESCRIPTION A EE 2] w | 63.5kghammer N 35 WATER CONTENTPERCENT WATER
o 70.2cm droj
u Q ] &G oerth | 2| P 9 Wp'_‘—fw—__‘WI LEVEL
g
- 10 g
%
«
(=]
£
3
o
g
- 11
. 30.5m
Total depth 11.3m bgs 11.3m
12
- 13
- 14
- 15
L 16
-17
i A
.

DRILLRIG: 2500
DRILLING CONTRACTOR: Crux

DRILLER:  Shawn Walker

LOGGED: F. Mocker

CHECKED:
DATE: 2/7/2000

DOT-50000238

Golder




PROJECT: WSDOT/MP322/WA

PROJECT NUMBER: 993 1466.300 BORING LOCATION:

RECORD OF BOREHOLE GA-11

Highway 101 at MP 322

1 OF 3
DATUM: MSL
BORING DATE: 9/2-3/99

SHEET _1

DRILLER:

Shawn Walker

DATE: 2/7/2000

o PENETRATION RESISTANCE
‘% % SOIL PROFILE SAMPLES BLOWSFFT | plEZOhPAEIEER
= 0 1 20 30 40 50 GRAI
w S o ELEV. BLOWS /15.2cm _10 1 1 L
§ © I 4 5 N t WATER CONTENTPERCENT
=z DE! N o @ 63.5kg hammer < w WATER
Y Z SCRIPTIO! 8= g 3 & | 70.2cm drop 2 Wpp————o—iW LEVEL
g4l9 S |69 DEPTH | 2| @ 20 40 60 80 100
o 37.2m
{ Loosa to very loose, olive to dark olive, faintly ML 0.0m - :,.
laminated to massive, fractured, SILT, trace fine Stand Al )4
: sand, moist (TRANSITIONAL LANDSLIDE — yandp b1 [
pegRIy | P o [l
L4 - ;
S35 A 1)
— Sch.40 /
PVC 1]
Casing /
1 SS 1-2-1 3 |33.6ecm
45.8cm| L]
- 2 ///
- Bentonite — /
Chips /
L 3 ﬂ
— 2 | ss 1-2-2 4 |e27e W ]
—_ 45.8cm ;
[, V]
- "
3 %
:>,= = 7
<
o 4.6m: Iron oxide stained, wet, iron oxide /
‘8 staining is concentrated along fractures, /
4] contains harder angular clasts in a loose 3 | Ss 1-2-3 5 |05 N /
E matrix — 45.8cm) /
-5 z /
______________ _314m | ]
Firm, greenish gray, nonstratified, fractured, cu LA 5.8m /]
P CLAYEY SILT, wet, contains harder angular clasts | ML / 4 /
in a softer matrix (GLACIOLACUSTRINE s
LANDSLIDE DEBRIS) .4 s
i 7 4] ss 223 5 {s66m] N %
F 45.8cm|
A ;
2 4
, ] ¢
____________ | A4 _soom L]
Very stiff, medium gray, massive to interbedded, | CL/ (;/Z 4 7.2m /
fractured, CLAYEY SILT to SILTY CLAY with thin | CH |57 7]
(~2.5cm) interbeds of dark gray, CLAY to SILTY i 4 /
CLAY, moist, contains hard angular clasts in a /; /
ix (GLACI
ls)cgtsfglaénx {G IOLACUSTRINE LANDSLIDE 7 5 ss 4-6-10 16 |36.6cmd B /‘
" ) P 45.8cm)| 4390 |37 /
tye s 32.6 /
o 9
2/ /
,(: ;
,/.
L 4
o o 1
n - v
Log continued on next page )
DRILLRIG: 2500 LOGGED: F. Mocker DOT=50000 2— 39
DRILLING CONTRACTOR: Crux CHECKED: é’? FGolder




PROJECT. WSDOT/MP322/WA

RECORD OF BOREHOLE GA-11

SHEET 2 OF _3_

DATUM: MSL

DRILLER:

DRILLING CONTRACTOR: Crux

Shawn Walker

CHECKED:
DATE: 2/7/2000

DOT-50000240 é7é

PROJECT NUMBER: 993 1466.300 BORING LOCATION: Highway 101 at MP 322 BORING DATE: 9/2-3/99
a
PENETRATION RESISTANCE
= SOIL PROFILE SAMPLES BLOWS/FT PIEZOMETER
wir - 0 " 0 40 5o GRAPHIC
g 5 % ELEV. o BLOWS /15.2cm !:
T w N
E % DESCRIPTION 8 g ® g w 6:;. 05‘(29 :‘ag\mer g WATER CONTENTPERCENT LWEAJEF
.2cm dr
B 8 g o] 9 DEPTH 2 t op ‘ﬁ‘:-' Wp wi
bod 4 4
Very stiff, medium gray, massive to'interbedded, | CL/ ¥ 2A
fractured, CLAEY SILT to SILTY CLAY withthin | CH b 6 | 58 479 16 | 'k [} A |
(~2.5cm) interbeds of dark gray, CLAY to SILTY -Bem Botonte 21 /]
CLAY, moist, contains hard angular clasts in a s Chips / /
soft matrix (GLACIOLACUSTRINE LANDSLIDE v / =
DEBRIS) s ? L]
L 10 7 ]
____________ | B2 2rom | L] ’;
Very stiff to hard, dark gray and medium grayto | CL/ 7;6 10.2m / / ]
greenish gray, interbedded and laminated, CLAY | CH #i 5.1cm __/ /
and GLAYEY SILT to SILTY CLAY, moist - Bes & VI [
(LANDSLIDE DEBRIS-BLOCK?) Farar PVC % / ]
i Casing
P 7 | ss 7-11-14 25 |42.7cmf [ ] / ; ]
- 11 ?{! 45.8cm) ; /
s 2 BOH @ / / ]
4 A 12.2m b, s\%;: j ]
- 12 E 7"’-‘ / /
- / /
A 8 | ss 71524 39 |45.80m) ]
f 45.8cm / ///
| %4 1
57 2178
o ey
s __ ____1 _ 7 23sm L]0
'§ Very stiff to hard, greenish gray, massive tofaintly | CL/ #5474 13.7m / /
L 14 O | laminated, jointed, SILTY CLAY to CLAY with CH |74 9 SSs 5-7-10 17 [B6.6cmy | | / / ]
E faint fine SAND laminae, moist to wet, some hard y ; 45.8cn1] / /
T | angularclasts in a soft matrix observed at ~13.7m 4 / /
in sample (GLACIOLACUSTRINE DEPOSIT) “ ] L] 0
7, 717
v % ] -
= oV
1 2170
i
21.7m 10 | S8 11-36-50 86 [39.7em » / / |
- 45.80m|
Very dense, greenish gray, nonstratified, claysy 15.6m / /
fine to coarse subrounded to rounded GRAVEL, / /
some medium to coarse sand, moist / / A
16 {GLACIOFLUVIAL DRIFT) ,,; [
- L] ] 1
____________ 1301 _20.6m L L]
Hard, light gray 1o dark gray and pale brown, Z 16.6m / =
laminated, jointed, CLAY, ranging to SILTY CLAY A / /
with fine to medium SAND interbeds, damp to ‘/;‘Q 1 | ss 7-14-27 41 |45.8cmY n / /
17 moist (GLACIOLACUSTRINE DEPOSIT) o 45.6cm //" [ 1
7 a7
' / / 1
o )
I R e L. ] ]
Very dense, olive to dark olive brown, stratified, 17.7m &
. fine to coarse SAND, trace firie to coarse ' o2
18 _subrounded gravs|, trace silt, varies to fine to Sand b
. coarse SAND and fine rounded GRAVEL, trace
silt, wet (GLACIOFLUVIAL DRIFT) . B
Log continued on next page
DRILLRIG: 2500 LOGGED: F. Mocker =




PROJECT: WSDOT/MP322/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-11

BORING LOCATION: Highway 101 at MP 322

SHEET 3 OF 3_
DATUM: MSL
BORING DATE: 9/2-3/99

DRILLER:  Shawn Walker

DATE: 2/7/2000

a
o Q SOIL PROFILE SAMPLES PENETR;IIOOWN;FEFSTANCE CIEZOMETER
ElE 0 o a GRAPHIC
LS 2 o | EEv. o BLOWS / 15.2cm E ? i\ q i\ 40 0

T
- DESCRIPTION o [& 81 w1l caskghammer | NV | WATER CONTENT,PERCENT WATER
& z S Z 8] perm 2l & 70.2cm drop 8 LEVEL
a @ gloa 2| b Wp wi
KA 3
Very dense, olive to dark olive brown, stratified, | g 12 | S8 50/4 >50 | Gocm R
fine to coarse SAND, trace fine to coarse
subrounded gravel, trace silt, varies to fine to 1s o 0 —
coarse SAND and fine rounded GRAVEL, trace Sord
sitt, wet (GLACIOFLUVIAL DRIFT)
- 19 |
5&::)m——
§ Sch.40
< PVC
F3 2.54mm
2 Stot
g Screen
8 K 15.3cmf
20 & 13 | SS 50-50/3 >50 | e
g
5.1cm
oD
e

21 Casing —]

157m | 14 | SS 50/5 >50 | 15 700 :
Total depth 21.5m bgs (samplad) 21.5m
Piezometer dry on 9/20/99 W

.. 22 J

- 23

- 24 i

- 25 -

- 26

--27
DRILL RIG: 2500 LOGGED: F.Mocker o i
DRILLING CONTRACTOR: Crux CHECKED: DOT-50000241 % E Golder




pRoJECT wspoTMpazzwA  RECORD OF BOREHOLE GA-11A

PROJECT NUMBER: 993 1466.300

BORING LOCATION: Highway 101 at MP 322

SHEET _1_OF _2_
DATUM: MSL
BORING DATE: 9/7/99

PENETRATION RESISTANCE

a
21 SOIL PROFILE SAMPLES
i = ] PIEZOMETER
£ m 0 0 BLOWS":[ 0 50 GRAPHIC
- o |aew | ¢ BLOWS / 15.20m e 1 P 3 4
w
E é DESCRIPTION 8 % o g w 6:;3k2g hadm“r,r;er g WATER CONTENTPERCENT X\?\‘Irss
1] .2cm w
161 g g o 9| DEPTH % t T Wp wi
-0 37.2m
0.0m Stand-up —]
Boring was speed drilled to instal! piezometer. M :‘ um:En
See log for GA-11 for detailed soil description com .

HWT Casing Advancer

\\\\\\\\\\\\\\\\\\\\\\L\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\L\\\\‘\é\‘ﬂ O
AAAAAMAAAITHTH S B T T T T T T H T ST St S Sttt St bR OO

Log continued on next page

DRILL RIG: 2500
DRILLING CONTRACTOR: Crux
DRILLER: Shawn Walker

LOGGED: F. Mocker

CHECKED:

DATE: 2/7/2000

DOT-50000242
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PROJECT: WSDOT/MP322/WA

PROJECT NUMBER: 993 1466.300 BORING LOCATION: Highway 101 at MP 322

RECORD OF BOREHOLE GA-11A

SHEET 2 OF _2_
DATUM: MSL
BORING DATE: 9/7/99

PENETRATION RESISTANCE

DRILLER:  Shawn Walker

DATE: 2/7/2000

a
g:) g SOIL PROFILE SAMPLES FIEZO'[;AE[:ER
HI
E lzﬁ ) 10 g0 GPA
1|3 g (mev | o BLOWS / 15.2cm ol
w
E é DESCRIPTION @ % o 023 w Bi_zl.gkzg haénmer g WATER CONTENT,PERCENT LWElggr
[vlte] .2cm drop il —_—
glg g | &9 oern | 3| Z P Wp wi
Bentonite
Chips
10
10/20 —
Silica
nd
5.1cm
_ op
L 11 8 e
< 2.54
2 Sl
< Screen
(=4
£
2]
©
[#]
g
12
12.8
Sy
13
235m EndCap L
Total depth 13.7m bgs 13.7m
14 1
15
16
- 17 -
S 18 -5
-
DRILLRIG: 2500 106GED: FMosker  DOT~50000243 ‘i
DRILLING CONTRACTOR: Crux CHECKED: % F Golder




PROJECT. WSDOT/MP322/WA

PROJECT NUMBER: 993 1466.300 BORING LOCATION

RECORD OF BOREHOLE GA-12

Highway 101 at MP 322

SHEET _1_OF 3_

DATUM: MSL

BORING DATE: 9/8/99

DRILLER: Shawn Walker

DATE: 2/7/2000

Q F“ENETRATION RESISTANCE
E [«] SOILPROFILE SAMPLES PIEZOMETER
g g B'-ows":‘ . ', GRAPHIC
gls « BLOWS / 15.2cm e 9 P 3 4
(0] i N
E E DESCRIPTION g &1 637‘ g;g haénn'laer g WATER CONTENTPERCENT mgf
.2em droy o —_—
418 2! e Wp wi
[0 Loose to compact, light olive brown, stratified, Monum-:ﬁ( bq 1)
fine to medium SAND, little fine to coarse oA |~ |
subrounded to rounded gravel, trace silt with Concrate—p- 4 |
interbeds of fine SAND, trace to little silt, trace X Aq
-fine subrounded to rounded gravel, moist e ?_ i
(GLACIOFLUVIAL LANDSLIDE DEBRIS) / /
-1 ; ?
5.(1):6m _/ é 1
Py
VC 1] ]
ing / /
SS 5-9-4 13 | 15.3cm] / A
45.8cm| / /
§ 2178
71
Bentonite -é ?
. ]
0
" /4 ? J
6-3-4 7 |12.:2cmf ] iy ]
ss 45.8cm| ; é
278
4 A R
- allaY
3 allaY
S Caved —$ % h
§ Soil  poy P
) IVl
k=4 TARAY
: MR
3 ss 8-6-4 10 [18.3m) VAR
45.8¢cm) Yallay
s |5 N |
© AR
é %
o R
A R
Yallay
Wallay
alaY
|6 Yallay
Yallav
alaY
B Al
sS 54-4 8 |15.3cmf M P
45.8cm| 7 7
nite —’4 ; _
S
., 2R
719
Gompast g, v e e i | a1
stratified, SILT ranging to CLAYEY SILT and fine 7] /
SAND, trace silt, moist, minor fractures, mottling / / 7
and iron oxida staining (GLACIOLACUSTRINE N / /‘
LANDSLIDE DEBRIS) //’ %K
B
‘88 36-18 24 (36.60mf Iy ///
45.8cm| / / k
Very stiff to hard, medium bluish gray to light olive /
gray and greenish gray, interbedded, laminated, / T
fractured, mottied-in places, SILTY CLAY and 374 %
CLAY, moist (GLACIOLACUSTRINE LANDSLIDE g “E
- - DEBRIS-BLOCK) 11
5 1717
Log continued on next page
-DRILLRIG: 2500 LOGGED: F. Mocker
— 4 N P
DRILLING CONTRACTOR: Crux CHECKED: DOT-5000024 EA £ Goldgr




PROJECT: WSDOT/MP322/WA

PROJECT NUMBER: 993 1466.300

SHEET _2_OF _3_
DATUM: MSL
BORING DATE: 9/8/99

RECORD OF BOREHOLE GA-12

BORING LOCATION: Highway 101 at MP 322

DRILLING CONTRACTOR: Crux

DRILLER: ° Shawn Walker

8 PENETRATION RESISTANCE
wn [e]
2 e SOIL PROFILE SAMPLES BLOWS/FT PIEZOMETER
G GRAPHIC
L—" g [$] ELEV. BLOWS /15.2 ¢ 110 2'0 310 4‘0 ®
.2cm
§ (] I ) & N | E WATER CONTENTPERCENT
=3 I DESCRIPTION o | % | w | 63.5kghammer < w WATER
i S 8|z 8 DEPTH 2| = 70.2cm drop 2 Wp——o———— W LEVEL
o | a ER R Z| & 0 20 40 60 80 )0
” . . r F
Very stiff to hard, medium bluish gray to light ofive | CL/ ;2722 / /‘
gray and greenish gray, interbedded, laminated, | CH /] ) / /
fractured, mottled in places, SILTY CLAY and /7’_ Bentonte —" ] “ A
CLAY, moist (GLACIOLACUSTRINE LANDSLIDE e, 6 | ss 6-13-18 31 [305cmd [ Chips /] A
DEBRIS-BLOCK) 45.8cm| / / g
0 A ?" 4 _
g oy
77 2158
LA saem 7] L]
z d ) —7‘
7 Sch.40 / /
A L /‘ .
LA Casing /
. v ]
" 11.0m: Hard angular clasts of CLAY - ] (A
observed in a softer matrix of CLAY A /1 %
7 7 | ss 9-14-23 a7 |48em [ | 21
EAA 45.8cm) /] ‘A .
- 217K
____________ Nz Vi
12 Hard, mediumn gray, massive to faintly laminated | CH :,% 11.8m / /
or interbedded, jointed, CLAY ranging to SILTY 1 L] %
CLAY, with discontinuous laminae and pockets e / -1
of fine SAND, little fine to coarse rounded gravel, . / V
dropstones at 12.8m, damp to moist, contains / / ]
occasional polished slickensided surfaces at - / /
12.7m (GLACIOLACUSTRINE LANDSLIDE s | ss 11-23-32 54 [45.8cmf [ 1S % ]
DEBRIS) . 45.8cm| / / ]
- 13 / ;
7
sl - —— ) ]
3 Very denss, light olive, nonstratified, fine to / /
< coarse SAND, some fine to coarse subrounded / /
E’ to rounded gravel, trace silt, becomes clayey at / / N
% | 14.3m, moist to wet (GLACIOFLUVIAL % L]
- 14 E LANDSLIDE DEBRIS) % ; |
z s
9 Ss 17-36-50/4 >50 |24.4cm
45.8cm) ? a 1
15 Hard, m;ium—gray to dark gray._s:rﬁed,_joiad._ CH / T45m | ;: / 7
CLAY, some joints and laminas are polished and /
lined with softer clay, tooks fractured in places, . é / T
moist to wet (GLACIOLACUSTRINE LANDSLIDE 30.6 .
¢ 10 | SS 5-15-22 37 |30.5cm] = | /’ /
DEBRIS) 45.8cm T
. / : 26 66 ] [
6 / ol
278
____________ . _195m | AR |
Hard and very dense, light gray to light olive ML/ v 16.5m $ %
brown, stratified, SILT ranging to SILTY CLAY, cL ' P %
with dark gray CLAY interbeds to 1 cm thick, y e A B
moist to wet (GLACIOLACUSTRINE DEPOSIT) 'y M R
- 17 At | i ARAY
- Y N
7 n | ss 22.5005 | >50 |27 A R
7 27'% Caved —$ % h
7 Soil A
LA . %
A . A
S | _ F7A tbam | ™
Sea dascription on next page 17.8m Y
18 i . $ % ]
b
Log continued-on next page
DRILLRIG: 2500 LOGGED: F. Mocker =

CHECKED: DOT-50000245
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PROJECT WSDOT/MP322/WA

PROJECT NUMBER: 993 1466.300 BORING LOCATION:

RECORD OF BOREHOLE GA-12

SHEET 3 _OF _3_
DATUM: MSL

DRILLER:  Shawn Walker

DATE: 10/6/99

Highway 101 at MP 322 BORING DATE: 9/8/99
a
2 Q FILE PENETRATION RESISTANCE
] .:_: SOILPRO SAMPLES BLOWS/FT. PIEZOMETER
w w 0 0 ) 0 50 GRAPHIC
212 o |EE | ¢ BLOWS / 15.26m . o P P 4
T
E | £ DESCRIPTION AED 8| w| ea.skghammer [ N g WATER CONTENTPERCENT WATER
% |o Q8| oeprn | 3| | 702emdrop 9 LEVEL
(o] @ 8102 2| u Wp w
Very dense and hard, light olive brown, stratiied, | sw | Caved A 1]
fine to medium SAND and fine to coarse y ] e
subrounded to rounded GRAVEL, trace to litlle 12 1 83 7573 550 | %%™
silt,varies to fine to medium SAND, iittle rounded 7.60m
gravel, trace silt, contains minor interbeds of ‘s(.}’gg 1
19 CLAYEY SILT, moist to wet (GLACIOFLUVIAL Sand
DRIFT)
S.1cm
[eh)
Sch4o
PVC
Casing
20
13 | 65 50/4 250 | gam
g
§
2
5.1
.g ol[:)m
ERE N
[&] 2.54mm
E Slot
E Screen
14 | sS 92/6 >50 | haem
- 22
22.2m
on
9/20/99
23
3tenv)
128m [ 45| ss 50/1 >50 | 310
Total depth 23.2m bgs (sampled) 23.2m o
24 i
..25 -
26
-27 ]
-
DRILLRIG: 2500 LOGGED: F. Mocker P P =
DOT-50000246 AN
DRILLING CONTRACTOR: Crux CHECKED: é; EGolder




PROJECT. WSDOT/MP322/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-12A

BORING LOCATION: Highway 101 at MP 322

SHEET _1_OF _2_

DATUM: MSL

BORING DATE: 9/9/99

o
4] ] PENETRATION RESISTANCE
ﬁ z SOIL PROFILE SAMPLES BLOWS/FT PI(EZR%:A E,EER
g s 2] ELEV. o BLOWS / 15.2cm E 9 10 P 30 40 0
= % DESCRIPTION o ;(i: © § w | 635kghammer | N g WATER CONTENT,PERCENT WATER
E 8 § ?:D | pePTH % _E 70.2cm drop &J Wp Wi LEVEL
36.0m
Boring was speed drilled to install piezometer. 0.0m s:[fr’;‘:ﬁl_f«:
See log for GA-12 for detailed soil description Co:\c d . ‘:‘
v
”
Bamgnsﬂa -—é
5.1:Dm _é
40 / n
PVC
.ng ;
Z ]
"
"
1
"
"
g i
1/
"
/]
1]
”
. 1/
2
o
b "
2 /101
i %
S ]
£ )
z 1
"
)
e
)
1/
”
1
"
é
]
1)
)
)
/]
g
2
/.

s SN N S S S N A SN A N N A N A S A A S A SO NS A RSN SNE NSO NNSNRNSANSSN]L 7 7

Log continued on next page
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CHECKED:
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PROJECT: WSDOT/MP322/WA

PROJECT NUMBER: 993 1466.300

RECORD OF BOREHOLE GA-12A

BORING LOCATION: Highway 101 at MP 322

DATUM: MSL

BORING DATE: 9/9/99

SHEET 2 OF _2_

o PENETRATION RESISTANCE
o | o SOIL PROFILE SAMPLES ] PIEZOMETER
i o BLOWS/FT 4o GRAPHIC
g2 o | mev | . BLOWS / 15.2cm E \ P P 4
X L
E £ DESCRIPTION a g 2| w s:;.glé%:‘aga&er 2 WATER CONTENTPERCENT {\ggf
T8 . hn —_—
i ] 9 |63l oerTH | 3| F g Wp wi
Sand
10
5.1cm
oD
Sch.40
k11 PVC
2.54mm
Slot
Screen
L 12
12.9m
p Ad
13 9/20/99
g
[ =
o
B
<<
(=]
£
3
L 14 ‘E’
p= 4
21.0m End Cap .
15 Total depth 14.9m bgs 14.9m
16
17
18

DRILLRIG: 2500 LOGGED: F. Mocker

DRILLING CONTRACTOR: Crux CHECKED:

DRILLER:  Shawn Walker DATE: 2/7/2000

DOT-50000248




PROJECT. WSDOT/MP322/WA RECORD OF BOREHOLE GA-13 SHEET 1. OF.5

DATUM: MSL

PROJECT NUMBER: 993 1466.300 BORING LOCATION: Highway 101 at MP 322 BORING DATE: 9/10-13/99
o
é, EIE) SOIL PROFILE SAMPLES PENETR;\SDC‘)’;«;;& iTANCE Plgggg%m
gz o e | & BLOWS / 15.20m . 2 3P 4 g
o I w N
£l z DESCRIPTION ol Bl | e3.5kghammer < WATER CONTENT,PERCENT WATER
B8 2 z 8 peet 3| | Tormdee g wpr———— N ———w LEVEL
[0 Loose to compact, light brown, fine to medium sP '.“: :a
SAND, with trace gravel, trace sift, may contain sandip L4 [T
more gravelly interbeds (GLACIOFLUVIAL Monument [ | | A
LANDSLIDE DEBRIS) 2 :..j %
9
' A
B 5.1cm / %
5330 ——5_ / i
CF;\sligg / /
Note: Upper 15.3m of boring was speed ] 1]
drilled before bsginning to split /
spoonsample. Soil descriptions from O- p / ]
15.3m are based on drill action and / /
2 inspection of cuttings in drill fluid. ? A |
a7
10 1
m
2V
. A%
-V
cooe 21 7]
w
0
. 7l
77
s (A
2 g
P 10 4
5 Yy
8 f A |
L5 E / /
S / :.; |
2%
0
15
758
717
., JZE
o
A
18
715
71
7 % / g
|
715
ZI7n
1%
215
1A -
8 ? é
______ B 0
Loose to compact, light brown, fine to.coarse’ SW V L] |
'SAND with fittle to some gravel (GLACIOFLUVIAL / 7]
LANDSLIDE DEBRIS) . - /] a8
o 6
Log continued on next bage
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PROJECT: WSDOT/MP322/WA RECORD OF BOREHOLE GA-13 SHEET 2.0F.5
DATUM: MSL

8 ETRATION RESISTAN
2|2 SOlL PROALE SAMPLES PN e W5 |pEzomeTER
Bl 0 A o 5o GRAPHIC
ul= o | eev « BLOWS / 15.2cm L\ U 4 5
E % DESCRIPTION o éo § w | easkghammer | N % WATER CONTENTPERCENT WATER
G ]9 @ |§0| oeeu | 3| Ff TOmIeP | w3 ——w LEVEL
Loose to comract light brown, fine to coarse SW s
SAND with litt] osomegravel (GLACIOFLUVIAL / /
LANDSUIDE DEBRIS) 74 1
S ] % g ]
/]
10 /// ? ]
1
S.1em | /
oo 7] (A
Sch.40 / _
PVC vy
Casing ﬂ /
" / ;
77
04
7y
2R
AR
12 [ 0
”
27s
s
7K
1%
7
{13 i g 2 |
@
7178
: p %
g 7178
2 14.0m-14.6m: Drill action suggests dense soil / /
L 14 © /] 1
S 217
S b seam | A ]
Densetﬁveryden;e lugh(tj gl:\ée[brown to light SwW 14.3m L/ &
gﬁgstrgég);oﬁmleef’x\eeto c%arslgesb%%o:n,sgd to. / / b
rounded ?:avel trace silt, moist to wet / /
(SLACIOFLUVIAL DEPOSITHLANDSLIDE % ]
15 BLOCK ; ;
0
1] ss| 193346 7 e ? r// ]
ZIZR
16 a ,//
A%
/-
7 2| ss 16-19-22 41 183w % /// ]
45.8crm / /
7
) 4 _s3.tm_| ﬂ ]
Compact to dense, light olive, massive to faintly .| SP 17.7m / }4
bedded, fine to.mediam SAND, trace.sit, wet
18 ’ (TRANSITIONALBEDS?/LANDSLIDE DEBRIS / /‘ L
. BLOCK?) 0 /
Log continued on next page
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PROJECT WSDOT/MP322/WA RECORD OF BOREHOLE GA-13 SHEET .3 OF .5

. DATUM: MSL
PROJECT NUMBER: 993 1466.300 BORING LOCATION: Highway 101 at MP 322 BORING DATE: 9/10-13/99
a
PENETRATION RESISTANCE
2 g SOILPROFILE SAMPLES sLowsrr B PIEZOMETER
Bl E o S"O' o s GRAPHIC
o= o |eev | ¢ BLOWS / 15.2cm e 1 2P 4
E % DESCRIPTION @ % g é w es.szg hagnmer N g WATER CONTENT,PERCENT WATER
70.2cm drop ] ), L M LEVEL
E 8 g o 9| DEPTH :z) ba w Wp wi
-
Compact to denss, light olive, massive to faintly | SP
bedded, fine to madium SAND, race sit, wet 3 sS 13-16-18 34 12.2cm/ ]
g‘RANSITIONAL BEDS?LANDSLIDE DEBRIS 45.8c T
LOCK?) Bentonite —
Chips ]
19
5.1cm ]
oD ]
Sch.40 _
PVC
- 20 Casing
4 Ss 7-8-9 17 183V [ | )
45.8cr
____________ - |.S0.0m _| |
Campact, olive, massive, SILT, little to soma fine | ML 20.7m
sand, wet (TRANSITIONAL BEDS?ALANDSLIDE
21 DEBRIS?) b
Caved —}
Soil -
5 | ss 9-11-14 25 2750 | | ]
45.8¢cn
5 22 E
___________ i _485m ]
+ | Dense to very denss, olive, massive to faintly SP- 22.3m
® laminated, fine SAND, trace to little silt, wet SM
] (TRANSITIONAL BEDS?/Qols BLOCK?} . E
2
2 N
23 3
& 6 SS 9-14-21 35 21dem/ B i
E 45.8cm
T
Caved ! 4
Soil
Bentonite ——,
24 Chips. i
7 | ss 15-24-29 53 305 | a4
45.8¢cmf 1
3 25 b
. ]
2
o
€
- 26 <
g 8 | ss 24.34-48 82 18.30m
@ 45.8cn]
o
o
[¢)
X
rer7
| #7omColoronangoimonifs | 433
Log continued on next page 27.5m
DRILL RIG: 2500 LOGGED: F. Mocker —EN, :
DOT-5000025 1 .
DRILLING CONTRACTOR: Crux CHECKED: éi
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DRILLER: Shawn Walker DATE: 2712000




PROJECT WSDOT/MP322/WA

RECORD OF BOREHOLE GA-13

PROJECT NUMBER: 993 1466.300 BORING LOCATION: Highway 101 at MP 322

SHEET 4 OF _5_
DATUM: MSL
BORING DATE: 9/10-13/99

8 PENETRATION RESISTANCE
2|2 SOIL PROFILE SAMPLES BLOWS/FT I PIEZOMETER
ElE 0 10 20 30 40 50 GRAPHIC

= 4] BLOWS /1
= I 2 | B& & 5-20m N | E WATER CONTENTPERCENT
E | 2 DESCRIPTION 2 1%es | w! 63.5kghammer 3 Wi WATER
& & 1coloern | S| & 70.2cm drop w LEVEL
o @ Btoa 2| £ & 20 40 60 80 100

‘U U S — _43.3m
Very dense; greenish gray, massive to faintly 27.5m 100
taminated or bedded, silty fine SAND ranging to Silica
SILT, trace fine sand, moist to wet Sand
(TRANSITIONAL BEDS?7/Qols BLOCK?) L.
9 8s 15-24-36 60 122cnv/
28 45.8¢m
5.1cm
oD
Sch.40
PVC
29 Screen
10| SS 12-17-18 35 27.5cnv [ ]
45.8cnf
30
L 31 11 | SS 10-12-14 26 36600V |
45.8cr
31.5m

B o X

8 9/20/99

a

g

2 o

£

[

o

o

g

12| ss 8-10-11 21 s36cm/ m
45.8cn}
ka8 P R f
_Stiff to hard, dark greenish gray, massive to faintly 33.1m
bedded, SILTY CLAY ranging to CLAY, damp to
moist (GLACIQOLACUSTRINE DEPOSIT20OLDER
SLIDE DEBRIS?) J
. z
7
Vs
= LA 27.1
13| SS 6-10-19 29 4S8em/ pso—40 w
-~y 45.8cn]
Z
V' 7
V.
7‘—
.
.
z
I35 /1
. 45 80
5 14 | ss 9-17-26 43 ‘s [}
Z
36 LH
7
2/
VA
Log continued on next page

DRILLER:

DRILL RIG: 2500
DRILLING CONTRACTOR: Crux

Shawn Walker

LOGGED: F. Mocker
CHECKED:
DATE: 2/7/2000

DOT-50000252

Golder

Associates




PROJECT: WSDOT/MP322/WA

PROJECT NUMBER: 993 1466.300

%

BORING LOCATION: Highway 101 at MP 322

"RECORD OF BOREHOLE GA-13

SHEET 5_OF _5_
DATUM: MSL
BORING DATE: 9/10-13/99

SOIL PROFILE

SAMPLES

DESCRIPTION

DEPTH METERS
BORING METHOD

ELEV.

uscs
GRAPHIC
LOG
NUMBER

DEPTH

TYPE

BLOWS / 15.2cm

63.5kg hammer
70.2cm drop

10 20 30 40 5 &

PENETRATION RESISTANCE
BLOWS/FT. | ] PIEZOMETER

RAPHIC

REC/ATT

Wpt

WATER CONTENT,PERCENT WATER
wi LEVEL

38

41

| 45

Stiff to hard, dark greenish gray, massive to faintly

bedded, SILTY CLAY ranging to CLAY, damp to
37 moist (GLACIOLACUSTRINE DEPOSIT?/OLDER
SLIDE DEBRIS?)

@37.2m: Fractures observed

Very stiff to hard, dark greemsh %ray massive to
fainky laminated or be moist
[(c] CIOLACUSTRINE DEPOSIT)

HQ Casing Advancer

43

CL

N

7 15

ss

4-6-6

45.8crv
45.8c

Mk

SS

8-14-21

35

45 8cnmv
45.8c

Ss

13-25-27

52

45.8cm/
45.8¢crm

7 |

SS

8-12-16

28

18.3crm/
45.8cm

§S

10-17-25

42

45.8cm/
45.8¢cm)

10/
Silica
Sal

Bentonite 1
Chips

Total depth 45.3m bgs (sampled)

43.5m

DRILL RIG:

2500

DRILLING CONTRACTOR: Crux

DRILLER:

Shawn Walker

LOGGED: F. Mocke’
'CHECKED:

DATE: 2/7/2000

DOT-50000253 -

Golder

-




PROJECT. WSDOT/MP322/WA

RECORD OF BOREHOLE GA-14

SHEET _1_OF 3_
DATUM: MSL

Scott Tunison

PROJECT NUMBER: 993 1466.300 BORING LOCATION: Highway 101 at MP 322 BORING DATE: 9/20-21/99
8 PENETRATION RESISTANCE
@ g SOIL PROFILE SAMPLES BLOWS/FT (] PIEZOMETER
Bl G : o ST 0 5o GRAPHIC
wl = o) « BLOWS/ 15.2em e P 3P 49 =
E % DESCRIPTION é o é w{ 63.5kg ha‘;nmer g WATER CONTENT,PERCENT WATER
o o @} 70.2cm drop —y LEVEL
8183 S 2| ¢ wp wi
Very loose and soft, light olive brown and light Standup _:4: j :.~.
bluish gray, nonstratified, fractured, fine to Mormem 2] o
medium SAND, little to some rounded fine to e o b
coarse gravel, trace silt with angular clasts of AN
SILTY CLAY, moist (LANDSLIDE DEBRIS) \7_: % ]
sggm _é /
Sch40 /J 1
PVC /
Casing ? /
Bentonite —/ ;:
Chips ; . / —
ss 1-2-2 4 é i
ARNY
allay
Y A
Caved ot I
Seil Y P
e R
Vala¥ BB
YARaY
ARAY,
YARRY,
TARAY
YalaY e
allaY
WARANY,
SN |
ARy,
e
A
N
ss 221 MA R
A R
TAaRaY
TAaRAY,
AR B
ARAY,
Al
Al
TARaY, IR
AR
- 4.3m: Harder drilling suggesting old " %
8 Highway 101 asphalt g % ]
.g Denise, dark olive brown, nonstratified, A R
‘; subangular fine to coarse GRAVEL, some fine to \\; % a
£ | coarse sand, trace silt, moist (FILL) \‘; 2y
3 ss 14-19-20 | A ; ]
£ e /]
T Chips° / é 1
To;t;or;\;act._ Iightolivebrown,—n—onstratiﬁed, ; / |
fine to coarse subrounded to rounded GRAVEL, /
some fine to coarse sand, trace silt, varies to fine _é ]
to coarse SAND, little fine to coarse subrounded 4 R -
to rounded gravel, trace silt, moist (FILL?) Caved 1= R
SS 6-4-5 YA ; A
Bentonite —7 /
Chips é é
TARAY
AR
AR
Y A
Caved —-$ %
Sail % Qj
b N 4
YAlaYE
AR
ValaY,
ss 8-7-6 L0
Sand
Caved —
Soil
Log continued on next page
DRILL RIG: ' 2500 LOGGED: F. Mocker ©00254 =
DOT-500
DRILLING CONTRACTOR: Crux CHECKED: ’f' F Golder

DATE: 2/7/2000




PROJECT: WSDOT/MP322/WA RECORD OF BOREHOLE GA-14 SHEET 2.OF.3.

DATUM: MSL
a
@ |90 SOIL PROFILE SAMPLES PENETRATION RESITANCE | OMETER
g E BLOWS/FT. GRAPRIC
¥ z o |asvw | ¢ BLOWS / 15.20m . 9 10 P P40 5
£ | 2 DESCRIPTION @ é Bl | esskghammer | M g WATER CONTENTPERCENT WATER
& z g1z8 peptH | S| &| 702cmdrop Q Wo! | A——— LEVEL
fa o S |oa = t o P .
e
____________ . ;
Compact, light olive brown, stratified, jointed, 6 { SS 8-9-11 20 |12.2cm) | 1
SILT, moist (OLDER SLIDE DEBRIS) 45.8cm oD
[ Very stit to hard, light olive brown, laminated to | 7]
L 10 massive, SILTY CLAY with CLAY interbeds to
2.5¢m thick, moist to wet at 10.7m becoming
moist below, iron oxide stained joints observed,
appears fractured above approximately 10.8m
(OLDER SLIDE DEBRIS)
7 8s 7-11-18 29 |45.8cm . 1
- 11 45.8¢m)|
- 12 ; ;
R
Caved —
R W
8 | ss 611-22 33 [4Sem [ | sy
- AT
Hard, light olive gray to light bluish gray, X
laminated to massive, SILTY CLAY with interbeds’ Bentont B
of CLAY, damp to moist (GLACIOLACUSTRINE B
| 13 DEPOSIT) /
5 /
g ]
8 /
< /
> .
£
@
14 g 9 | ss 10-22-37 59 [438am | 24 / ]
g %
- 15 L2/ / ]
77 /
7 7Zh
7 45.8cmf
77 10 { S§ 10-16-27 43 o [ | / i
s
S4.
o TATAY
V.4
7 Y
= Caved [
L 4 j@
s A |
7 AR
7 'k
I s 1| ss 12040 | 60 |45 B
17 b 45.6cm M~
7 Y
P s WAYAY,
Y 7 ATAY B
ATAY
o A
y A
ot A
. A I
.18 W A
2 AR
7 AR
Log continued on next page
DRILLRIG: 2500 LOGGED: F. Mocker - -
DOT-50000255 A
DRILLING CONTRACTOR: Crux CHECKED: 7, Golder

'DRILLER:  Scott Tunison DATE: 2/7/2000




PROJECT: WSDOT/MP322/WA RECORD OF BOREHOLE GA-14 SHEET 3 OF 3

DATUM: MSL

=Y
@ |8 SOIL PROFILE SAMPLES PENETR;TOC"IC‘SF,;__ETS'iTANCE PIEZOMETER
[C I . GRAPHIC
u 5 o | ELev « BLOWS / 15.2cm £ ' 10 0 3 40 50
I
£l 2 DESCRIPTION o |[& 4 B| | 635kghammer | N g WATER CONTENT,PERCENT WATER
o z SR — 2| & 702cmdwop 2 ) — LEVEL
o ) Gtitoa 2 g Wp wi
g Hard, light olive gray to light bluish gray, laminated| CH_ [ £
& | tomassive, SILTY CLAY with interbeds of CLAY, o4 12 | ss 12-19-30 49 | 45.80cmd |
§ damp to moist (GLACIOLACUSTRINE DEPOSIT) . ) 45.8cm| 5:1 Al
o o 1.7m
§ Total depth 18.8m bgs (sampled) 18.8m 1
19 E NOTE: Caved soil in screened interval is likely
% | sand and gravel from above 9.2m or from top of ]
hole.
| 20
I 21 J
| 22
| 23
L 04 . 4
25 E
4
I 26 T
L 27 ' : - 1 -
DRILL RIG: 2500 LOGGED: F.Mocker - . =
DOT-50000256 A
DRILLING CONTRACTOR: Crux CHECKED: 7, G()lder
Associates

DRILLER:  Scott Tunison DATE: 2/7/2000




RECORD OF DRILLHOLE GA-15

Sheet

1 of 6

DRILLING CONTRACTOR: Great West Drilling
DRILLER: Jim Benson

CHECKED:
DATE: 2/7/2000

PROJECT WSDOT/MP322/WA DRILUNG DATE: 11/9-18/99 DATUM: MSL COLLAR ELEV: -96.1m
PROJECT NO: 993 1466.300 DRILL RIG: AP1000 COORDINATES N: 806275 £: 1008470
LOCATION: Approximately 51.9m west of H-1-99 ADDITIVES: NA AZIMUTH: NA INCLINATION: -90°
@ w
w o aouw Q
-t w
2 8 z uily 9 Z NOTES
Sa Sl 8 ] = [P
gﬁ DESCRIPTION 3 2| e £z %E g%é g DRILLING METHOD WELL COMPLETION
gl Eluluyl wE | B5g8 | pzS] & INSTRUMENTATION
&2 Elz|g| 22 |92E [ BE9| aw
21zl32 22c | os@| =%
a o | o 96.1m | TO@ 22| F
-0 -
Brown(7.5YR 4/4), fine to coarse SAND, some fine to coarse 00m A 4 41 Moist] 1230 | NOTE: Backer Drill AP1000 hit refusal
rounded gravel, little silt to clayey silt, varies to GRAVEL, at 33.6m bgs. 20.3cm casing broke in
some fing to coarse sand, littie to some silt, slight iron oxide ?}c"fk:(.“Grgazt"\\l\lf,srt1 grst'r:e:n ‘c:iads;ﬂlgé"::hh
staining, moist (GLACIOFLUVIAL DEPOSIT) Barvar DA 24 owned by Tacoma
=1 Pump & Drifl down to 33.6m before
continuing with soil descriptions.
Surface Seal
{Bentonits Chips)
0-6.1m: Drilled 30.5¢m boring, set
-2 surface seal with 13 bags bentonite
— 83.6m |
4 firm to coarse subrounded 1o rounded T24m
Brown (7.5YR 4/4), fine to coarse subrounded to rounded
GRAVEL, trace cobbles, some fine 1o coarse sand, trace to 20.3cm ID Steel —
-3 little silt, slilght iron oxide, moist. Driller indicates dense soils Casing
(hard drilting) (GLACIOFLUVIAL DEPOSIT)
-4
-5 1420
1514
5.3m: Becomes brown (7.5YR 4/2)
-6
z
-7
e Q
x & =] §
£
a
©
@ 86.9m |
Brown (7.5VR 4/3), fine to coarse SAND, some subrounded 8.2m
to rounded fine to coarse gravel, trace sitt, varies to SAND
and GRAVEL, trace silt, moist (GLACIOFLUVIAL DEPOSIT)
10
- 11
11/9/99
11/10/99
_s3.om |
Dense to very dense, brown (7.5YR 4/3), stratified?, fine to 12.2m 0843
coarse SAND and fine to coarse subrounded to rounded
GRAVEL, trace silt, moist (lots of rock fragments suggest .t
. gravel content may be higher) (GLACIOFLUVIAL DEPOSIT)
15.3¢c
m/min
. 13.7m: Varies to brown (7.5YR 4/3), fine to coarse 0855 | 1 hour to add casing
| 14 SAND, some fine to coarse subrounded to rounded 0957
gravel, trace silt, moist o
1] e DOT-5000025%
15
Yvy ~
Log continued on next page |
SCALE: NTS LOGGED: F.S. Mocker




RECORD OF DRILLHOLE GA-15

Sheet 2 of 6

PROJECT WSDOTMP322/WA DRILLING DATE: 11/9-18/99 DATUM: MSL COLLAR ELEV: ~96.1m
PROJECT NO: 993 1466.300 DRILL RIG: AP1000 COORDINATES N: 806275 E: 1008470
LOCATION: Approximately 51.9m west of H-1-99  ADDITIVES: NA AZIMUTH: NA INCLINATION: -80°
o g 2 g
S [ @ NOTES
g o 21w - g o <
e DESCRIPTION A EIRA gg wiE| 8 DRILLING METHOD WELL COMPLETION
w
&l z|luyly]| & dgd | 2=2| & INSTRUMENTATION
= sle| 2] BE | uwzr fiq
o= s1z13| o5 |23 | k2| B
(<] 3 ';-"-'.o IOm =25 s
Dense to vary dense, brown (7.5YR 4/3), stratitied?, fine to 4 4 4] Moist crzn}""
coarse SAND and fine to coarse subrounded to rounded min B
GRAVEL, trace silt, moist (lots of rock im&r,rvuems su%gest g i
gravel content may be higher) (GLACIOFLUVIAL DEPOSIT)
16 g n|e ]
79.3m —
Dense to very denss, brown (10YR 5/3), crudely stratified, 16.8m 11‘1’1‘3 1 hour to add casing
| 47 | fine to coarse SAND, little to some fine to coarse 7
subrounded to rounded grave!, trace silt, varies to SAND
and GRAVEL, trace silt, moist, sand component appears to i 1
be mostly fine 1o medium grained, Sravel componentisalso (Y G
generally finer (GLACIOFLUVIAL DEPOSIT) S n
15 20.3cm ID Stee! Casing™ -
>15.3 -
cm/min
-19 G 4
19.8m-21.4m: Mostly SAND and GRAVEL, vazing to 1134 -
sandy fine to coarse subrounded to rounded GRAVEL,
-20 trace silt, moist ﬂ
G -4
21 a
[ G & ]
=k ]
2398 1357 ]
-23 23.2m-26.2m: May contain interbeds of sandy SILT to Yo 8 B
silty SAND as suggested by cuttings R ﬂEJ
G 2
EE -4
24 T
24.4 -
em/min
|25 G
1409 -
26 1508 i
G
27 -1
9.2 ]
cm/min
I 50000258
2f & | e7.7m | N DOT-500002
Driller noted harder drilling. Dense to very dense, light olive 28.4m Damp
brown (2.5Y 5/3), sandy fine to coarse subrounded to lo .
-rounded GRAVEL, trace to little silt, trace rounded cobbles,
damp to moist (TILL?) . . —
2 1838 | Advanced 5.2m oft-set boring from 0
_Varies to fine to coarse SAND and fine to coarse vanced 9.2 off-sol boring from a
“subrounded to tounded GRAVEL, frace to kttle silt, © | 28,3m bgs with Barber DR24 Dril i
damp - G
~340 Becker Hammer blows for 3.1m 7
l-30 m
YYY i
Log continued on next page
SCALE: NTS - LOGGED: F.S. Mocker
DRILLING CONTRACTOR: Great West Driling GHECKED: é; = Golder
DRILLER: Jim Benson DATE: 2/7/2000 Associates




RECORD OF DRILLHOLE GA-15

Sheet 3 of 6

DRILLING CONTRACTOR: Great West Drilling/Tacoma Pump and Drill
DRILLER: Jim Benson/Mark Weise

CHECKED:
DATE: 2/7/2000

PROJECT WSDOTMP322/WA DRILLING DATE: 11/9-18/99 DATUM: MSL COLLAR ELEV: -96.1m
PROJECT NO: 993 1466.300 DRILL RIG: AP1000/Barber DR 24 COORDINATES N: 806275 E: 1008470
LOCATION: Approximately 51.9m west of H-1-99  ADDITIVES: NA AZIMUTH: NA INCLINATION: -90°
a w
w o ool (%]
3 o | g|w Bl 2 | % NOTES
gE DESCRIPTION % 2| : Z Eg gag § DRILLING METHOD WELL COMPLETION
A Flujyl) & | ot | P2 8 INSTRUMENTATION
ug gz | &g & wZyr wg
os = oE 33 21 ow
2 = 5 Huw [o{= ogw =k
[0 P o =] Iom =25 Ed
Driller noted harder drilling. Dense to very dense, light olive } 4 Moist u:/-z. |
brown (2.5Y 5/3), sandy fine to coarse subrounded to min
rounded GRAVEL, trace to little silt, trace rounded cobbles, 1 R
31 damp to moist {TILL?) o
B 21| G - ]
E
E R
o
64.1m I
e — e — — ——— — — — — s b= — ]
B Dense to very dense, light olive brown (2.5Y 5/3), fine to 32.0m %[ moist | 1714 | 1171099
2 | coarse SAND, fitla to some fine to coarse subroundad fo 3 || 0s04 | 11/17/89 2
rounded gravel, trace silt, moist (GLACIOFLUVIAL €
DEPOST g .
Note: Description of soil may be skewed towards sand 216 © g
due to drilling process. Grab samples are collected from
33 discharge during drilling. Mostly sand is discharged 20.3¢m 1D Steel — B
during crilling. Gravels are flushed out of boring at end 407 Casing
ot 6.1m drill run. 4 emimin| @33.6m Casing broke
Great West fished out casing. B
Tacoma Pump and Drill on site with
3 Barber drill to advance new hole offset b
B 23| 6 ~5.2m to North of Great West boring.
0911 -
-5 0954
24 G j
.36 R
|-37 i N
25| G =5 |
c
bt
2 ]
g2 a 519 |
| 28 é’ § § cm/min
YeE
E i
2] G <
o A
") |
4D -
27| @ i
L 1006 i
41 1044
No Sample
Collected 4
—A42 i
- @-42.7m: Sand fraction appears 1o be finer (fine to ]
medium grained) .
|43 B
2831 G 1
76.3 —
44 @-44.2m: Driller noted drill action suggests larger em/min
-gravels : : N
DOT-50000259 1
29| G
_ﬁ :
YvYYy 1 ]
Log continued on next page I
SCALE: NTS LOGGED: F.S. Mocker

Golder

{7/ Associates




DRILLING CONTRACTOR: Tacoma Pump and Drill
DRILLER: Mark Weise

CHECKED:
DATE: 2/7/2000

RECORD OF DRILLHOLE GA-15 Sheet 4 of 6
PROJECT WSDOT/MP322/WA DRILLING DATE: 11/9-18/99 DATUM: MSL COLLAR ELEV: ~96.1m
PROJECT NO: 993 1466.300 DRILLRIG: Barber DR 24 COORDINATES N: 806275 E: 1008470
LOCATION: Approximately §1.9m west of H-1-99  ADDITIVES: NA AZIMUTH: NA INCLINATION: -80°
4 w
w @ A Q
| ut
= @ uily @ Z NOTES
O [u] = ut . s o <
28 DESCRIPTION § 2it| 8 %‘é g%i g DRILLING METHOD WELL COMPLETION
EG Tluly| & | Bed | 2=2| & INSTRUMENTATION
a2 :| 2| 5| 55 |45 | 3|
6| 3|5 48 | %55 | 25| &8
Dense to veB' dense, light olive brown (2.5Y 5/3), fine to b A 4 Moist .3
46 | coarse SAND, little to some fine to coarse subrounded to cm/min
rounded .?rave, trace silt, moist (GLACIOFLUVIAL
DEPOSIT)
30
47
@ 47.3m-53.4m: Gravel content appears to ir 5 1052
may contain fine to medium SAND interbeds 1130
- 48 31
20.3cm 1D Steel Casing —™
49
32
61.0
- 50 cm/min
51 33
|-52
34 s
5
-3 4z
§= ' 1140
- 1218
Noe
&
| 54 E
No Sample| <
Collected [}
|-55
35
61.0
-56 cm/min
K-Packer —
Bottom of —
57 20.3cm
36 casing shoe
. | W 58.0m logs 11/22/99 L
L 58 Wet pre-installation
Screen
37 Assembly ﬁ ZS’POT
—59
L o o = 1228
" " . 1256 R
Dense to very dense, olive brown (2.5Y 4/3) fine to medium
. _ SAND and fine rounded GRAVEL, varies to fine GRAVEL, :
| 60 | some fine to medium ‘sand, trace silt, wet (GLACIOFLUVIAL }9:¢ R ’ X
DEPOSIT) : . 59.5m-65.6m: Began injecting water ZSrlrc‘)rtn
: N(?dﬁ::r:?gée to help cuttings out of hole
\
Log continued on next page
SCALE: NTS LOGGED: F.S. Mocker
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D

DRILUNG CONTRACTOR: Tacoma Pump and Drill

RILLER: Mark Waise

RECORD OF DRILLHOLE GA-15 Sheet § of &
PROJECT WSDOT/MP322/WA DRILLING DATE: 11/9-18/99 DATUM: MSL COLLAR ELEV: -96.1m
PROJECT NO: 993 1466.300 DRILL RIG: Barber DR 24 COORDINATES N: 806275 E: 1008470
LOCATION: Approximately 51.9m west of H-1-99  ADDITIVES: NA AZIMUTH: NA INCLINATION: -90°
& w
; g EE ] H NOTES
O~ (o] = us . = o <
EE DESCRIFTION % 2t 8 %‘é g%ﬁ g DRILLING METHOD WELL COMPLETION
= 2=w
aly Flulyl G | ogg | 2=2| & INSTRUMENTATION
ws Y [ IS bl W= oug | aw
21213 o8 | o2 | ockz| =%
] o | o Wa IOo@ 25| /&
|61
Dense to very dense, olive brown (2.5Y 4/3) fine to medium A4 Wet 4
SAND and fine rounded GRAVEL, some fine to medium T
sand, trace silt ]
8] G 2. | @1341] WLATD 61.9m and rising after letting i ]
-62 sit ~25 minutes Screen < Smm
Assembly lot |
61.0
cm/min -
| oL
63 = - 1
|6 |
______________ | 32.3m _| ]
| g4 | Dense, to very dense and hard, light brownish gray (2.5Y 63.7m
6/2), interbedded, fine SAND, trace silt and SILT ranging to ]
CLAYEY SILT, wet (TRANSITION BEDS) 04 i
mm
Stot b
40| G
- 65 -1
Air 1306 |
litted 1402
5%%5 65.6m-68.6m: No sample recovery,
likely fine SAND with SILT interbeds -
66 as in G#40. s <
No Sample| ume B 1
Collected |
- 67 ]
65.6m-71.7m: Injected water
No Sample Jd 05 ]
Bad Collected e 68.0m-68.6m: Driller noted harder ot .
S 33.6 | driling, CLAY cuttings begin o
a2 cnvmin}  appearing (Qgl) 7]
______________ 27.5m_| § ol — . ]
Hard, dark greenish gray (1G 4/1), laminated to massive 68.6m (2 3 § Moist
|69 | SILTY CLAY to CLAY, moist (GLACIOLACUSTRINE Yo = 7
DEPOSIT) 8 |
¥
G 9— - N
|70
Gravel —» N
| 1 G Backfill ) |
1420 —]
1534
72 -1
G
72.6m-75.0m: 6 bags bentonite ]
-73 T
67.1 |
c