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A DIVISION OF CORNFORTH CONSULTANTS 

I 0250 S. W. Greenburg Road, Suite 111 
Portland, Oregon 97223 
Phone 503-452-11 00 Fax 503-452-1528 

July 7, 2006 

Mr. Steve Lowell, L.G., L.E.G . 
Washington State Department of Transportation 
P.O. Box 47365 
Olympia, WA 98504-7365 

Phase 2 Geotechnical Services 

SR 107, Milepost 4. 7 Landslide 

Montesano, Washington 

Dear Mr. Lowell: 

1744 

In accordance with your authorization, we have completed the Phase 2 geotechnical investigation 
of the State Route 107 Milepost 4.7 Landslide near Montesano, Washington. This letter-report 
summarizes our field and laboratory investigation programs and shear pile design . 

Background 

General. The landslide is situated on a north-facing hillside above the Chehalis River. State 
Route 107 traverses the toe of the hillside in an east-west direction (see Vicinity Map, Figure 1) . 
The slide movement began during a torrential rainstorm on the night of December 28, 2005. By 
December 30, 2005, a 300-foot-wide segment of the highway had shifted nearly 15 feet toward 
the river. The Washington State Department of Transportation (WSDOT) closed the highway 
shortly after the slide started; however, the road surface was re-graded with crushed rock and 
opened to reduced-speed traffic near the end of January 2006. We understand that the State is 
tasked with stabilizing the landslide and returning the highway to its pre-slide condition on a fast­

track basis . 

Phase 1 Investigation. Our firm performed a Phase 1 geotechnical investigation of the slide 
between January and March 2006. Phase I tasks included: (i) a geologic reconnaissance of the 

site; (ii) a field investigation of the landslide to evaluate the subsurface conditions and to install 
instrumentation to monitor slide movement and groundwater pressure; (iii) laboratory testing to 
determine basic index and strength parameters: (iv) slope stability ·analyses to evaluate 
conceptual methods for repairing the slide; (v) report preparation; and (vi) a subsequent meeting 
with the State to discuss the conceptual repair options. Details of the Phase 1 investigation are 

summarized in our report dated April 4, 2006. Logs of borings drilled for this phase are included 

in Appendix E. The meeting was held at WSDOT headquarters on March 24, 2006. Following 
the March 24 meeting, WSDOT elected to proceed with final design of a shear pile wall to 
stabilize the landslide. The shear pile wall is to be located along the inboard side of the roadway, 
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parallel to the road alignment. The Phase 2 tasks outlined below include our services for final 

design assistance on the shear piles . 

Scope of Work (Phas~ 2). Our scope of work, as outlined in our proposal dated April 20, 2006 

consisted of the following tasks: 

• KickoffMeeting 

• Field Investigation . 

• Laboratory Investigation 

• Shear Pile Wall Design 

• Meetings and Coordination 

• Geotechnical Report (this report) 

Field Investigations 

Field Explorations. The field exploration program consisted of drilling three borings, designated 
LT-8, LT-8b, and LT-9, at the locations shown on the Site Plan, Figure 2. As shown in Figure 2, 

the borings were drilled between the previously drilled borings of H-1-06, LT-2, and H-2-06 on 

the outboard side of the highway shifted by the landslide . 

A WSDOT drill crew performed the drilling on April 24, 25 and 26 using a track-mounted CME-

850 drill rig. The borings were drilled using HWT casing adv~cer in overburden soils and HQ3 
wireline coring method in rock. Standard Penetration Tests (SPT) were· generally performed at 
2.5-foot intervals in the overburden. Shelby Tube samples were obtained in cohesive soils at 
varying depths. A geologist from our firm was present throughout the field explorations to 
coordinate the work, and to collect and log soil and rock samples . 

Borings LT-8 and LT-9 were drilled to depths of 44.0 feet and 58.0 feet, respectively. Bedrock 

was encountered at a depth of 22.5 feet in LT-8 and 36.5 feet in LT-9. Boring LT-8b was quick­

drilled to a depth of 24 feet for the purpose of obtaining Shelby Tube samples in cohesive soils 

above the soil/bedrock interface. Material descriptions of the subsurface materials encountered 
in the borings are shown on summary boring logs, Figures 3, 4, and 5 . 

Instrumentation. Borings L T-8 and L T-9 were instrumented with piezometers consisting of 10-
foot long, 2-inch diameter, slotted PVC tip connected to a 2-inch diameter PVC riser pipe. The 
annular space between the slotted tip and ~oring sidewall was backfilled with No. 10-20 sand; the 
remainder of the boring was sealed with bentonite chips to the surface and capped with a 

monument. No instrumentation was provided for boring LT-Sb, which was backfilled with 

bentonite chips . 

Subsurface Conditions . 

The exploratory borings indicated subsurface conditions that were similar to those indicated by 
borings that were drilled in January 2006 (Landslide Technology, 2006 and Appendix E) . 

July 7, 2006 2 Landslide Technology 
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General. The subsurface conditions of the SR 107 slide area generally consist of fine-grained 
soil overburden overlying siltstone of the Lincoln Creek Formation. The soil overburden is 
comprised of a layer of soft to stiff, slightly sandy, silty clay with scattered rootlets and wood 
fragments, underlain by a layer of very stiff, slightly sandy, silty clay with coarse gravel- to 
boulder-sized fragments of siltstone and traces of mica and shell fragments. Both of these layers 
appear to be blocky and disturbed. The bedrock generally consists of very soft (RI), slightly 
weathered siltstone, which is moderately jointed, with scattered shell fragments and occasional 
sandstone lenses . 

Groundwater. Groundwater levels could not be measured in the borings during drilling 
operations because the casing advancer and coring m~thods circulated water as drilling fluid . 
Initial readings in piezometers L T-8 and L T-9 after bailing were about 9 feet below the ground 
surface. An additional reading was taken 24 hours after installation in LT-9, which was about 7.6 

feet below the ground surface . 

Laboratory Testing 

Laboratory testing consisted of natural water content determinations, liquid and plastic limit 
determinations (Atterberg limits), unconsolidated-undrained triaxial compression tests on 
cohesive soils, and point-load tests and unconfined compression tests on selected rock core 
samples. Soil and rock core samples were re-examined in the laboratory to refine field 
classifications . 

Natural Moisture Content. Moisture contents were determined on all SPT samples retrieved from 
the borings in general accordance with ASTM D-2216. The moisture contents are shown on 
summary boring logs, Figures 3, 4, and 5 . 

Atterberg Limits. Atterberg limits were determined for two soil samples indicated in Table 1 
below. Tests were performed in general conformance with ASTM D-4318. Results are shown in 
Table 1 and plotted in Figure 6, Plasticity Chart. The results are also shown in the summary 
boring logs, Figures 4 and 5 . 

Table 1 Atterberg Limits 

Sample Depth 
Natural Plasticity 

Boring Moisture Liquid Limit Plastic Limit 
No . (feet) 

Content(%) 
Index 

LT-8b S-2 
21.5-
21.7 

24 85 25 60 

LT-9 S-10 
24.1-

38 72 29 43 
24.3 

July 7, 2006 3 Landslide Technology 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

1744 

Unconsolidated-Undrained Triaxial Compression Tests (UV Tests). UU tests were performed on 
four samples of silty clay in general accordance with ASTM D-2850. Results are shown on 

figures 7 through 12. Undrained shear strengths ranged from about 500 psfto 2700 psf . 

Unconfined Compression Tests {Rock Cores). Unconfined compression tests were performed on 
selected cores by the WSDOT Materials Laboratory in Tumwater. Detailed results are presented 

in Appendix A, and also summarized briefly in Table 2 below . 

Table 2 Rock Unconfined Compression Test Results 

Sample Wet 
Depth Density qu (I) 

Boring No . Sample (Feet) (lbs/ft3) (psi) Rock Type 
No . 

LT-8 C-1 24.2-24.9 117.4 154 Siltstone 

LT-8 C-2 29.0-30.2 130.2 247 Siltstone 

LT-9 C-3 38.8-39.5 120.9 245 Siltstone 

LT-9 C-4 43.8-44.8 123.1 380 Siltstone with 
Sandstone Lens 

Notes: 
(1) Unconfined compressive strength 

Point Load Tests. A total of 20 point load tests were performed on rock core specimens. Point 
load strength index is an indicator of strength obtained by subjecting a rock specimen to an 
increasing concentrated point load, applied through a pair of truncated, conical platens, until 

failure. The failure load is used to calculate the point load strength index Oscso)), and to estimate 
the unconfined compressive strength of the rock core specimen. Tests were performed in both 
diametral (load applied along the diameter of the core) and axial (load applied along a line 

perpendicular to the core end faces) directions. The tests were performed in general accordance 
with ASTM D 5731-95. The results of the point load tests are summarized in Table 3 below . 

July 7, 2006 4 Landslide Technology 
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Table 3 Summary of Point Load Tests 

Estimated 

Depth 
Test Unconfined 

Boring Type* Compressive 
No. (ft) Iscso> Strength (psi) 

LT-8-1 42 D 0.25 883 
LT-8-2 . 40.4 D 0.26 919 
LT-8-3 37.5 D 0.23 819 
LT-8-4 34.6 D 0.22 790 .. 
LT-8-5 26.3 D 0.20 697 
LT-8-6 27.5 D 0.20 702 
LT-8-7 27 D 0.22 795 
LT-8-8 28.5 D 0.24 866 
LT-8-9 28.9 A 0.32 1,125 

LT-8-10 26 A 0.29 1,041 
Mean Diametral LT-8 809 

Mean Axial L T-8 1,083 

LT-9-1 57.5 D 0.34 1,201 
LT-9-2 55.2 D 0.22 787 
LT-9-3 53 D 0.21 749 
LT-9-4 50.2 D 0.20 721 
LT-9-5 39.5 D 0.21 744 
LT-9-6 41 D 0.20 697 
LT-9-7 41.5 D 0.18 628 
LT-9-8 42.5 D 0.17 604 
LT-9-9 42.8 A 0.27 964 

LT-9-10 39.9 A . 0.21 733 
Mean Diametral L T-9 766 

Mean Axial LT-9 849 

*D = diametral test, along the bedding plane 

A = axial test, perpendicular to the bedding plane 

5 Landslide Technology 
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Slope Stability Analyses for Shear Pile Design 

General. Forces required from shear piles to stabilize the landslide are determined by performing 
slope stability analyses. None of the inclinometers installed in January 2006 (see Figure 2) have 
shown landslide movement. Therefore, the location of the slide plane has not been established . 

In addition, the relationship between water levels in the piezometers and landslide movement is 
not known. On that basis, the slide plane location and also the water level that would trigger 

additional slide movement needed t~ be estimated in the slope stability model. 

Slide Plane and Water Levels. The slide plane was modeled at the top of the siltstone bedrock as 

shown on Figure 13. This location was estimated based on: (i) blowcount profiles from the 
borings, (ii) our previous experience with similar landslides in western Washington and Oregon, 

and (iii) review discussions with the WSDOT geotechnical_group . 

Regarding the relationship between the water levels and the slide movement, we have assumed 
that the landslide would reach limit equilibrium (i.e., the factor of safety would drop to one) 
when the water level rises to 5 ft higher than the level observed on 2/16/06 as shown in Figure 
13. The effective residual friction angle of the slide plane was back-calculated based on this 
condition and was 15.7 degrees. It was further assumed that the water level could go as high as 

2/16/06 level+ 10 feet as shown in Figure 13. Slope stability analyses were performed with the 

computer software SLOPE/W 2004 (GEO-SLOPE International Ltd., 1991-2005) using 

Spencer's Method . 

Shear Pile Forces. Shear pile forces were determined by changing the water levels and 
performing slope stability analyses to achieve certain factor of safety values. The results are 
shown in the table in Figure 13. The unfactored shear pile force is the force required from the 
shear piles to maintain a landslide factor of safety of one when the water level rises to 2/16/06 
level + 10 feet. The unfactored shear pile force thus calculated was 24 kips/ft width of l~dslide . 

The design shear pile force is based on providing a landslide factor of safety of 1.25 with the 

water level at the 2/16/06 level + 5 feet. This criteria was accepted by WSDOT. The design 
shear pile force thus calculated was 52 kips/ft width oflandslide . 

Shear Pile Design 

Shear Pile Wall Location. Shear piles will consist of reinforced concrete drilled shafts. The 
proposed shear pile wall location is shown in Figures 1 (Site Plan) and 13 (Cross-Section A-A') . 

The proposed location is at the uphill shoulder of the highway and would extend from boring H-

1-06 to boring H-2-06 for a distance of about 300 feet, spanning the entire width of the landslide 

at this location. In a cross-section, the wall would be located at approximately the one-third point 

from the toe of the landslide, a typical location to stabi~ize the entire landslide mass . 

Shear Pile Model. The design parameters for the shear pile model are shown in Figure 14. This 
model depicts the shear pile located within cross-section A-A', between borings LT-2 and LT-7 . 
Subsurface information primarily from borings L T-2 and LT-7 was used to construct the model. 
A 3-foot thick plastic shear zone, where the net landslide loading is zero, was assumed above the 

July 7, 2006 6 Landslide Technology 
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slide plane. Landslide loading is modeled as a rectangular distribution as shown in Figure 14 . 
The computer program LPILE (ENSOFT Inc., 2000) was used to perform a preliminary check of 

the lateral load analyses for the shear p~le. It is our understanding that the WSDOT Bridg~ and 
Structures Office will perform the final structural design of the shear piles under the unfactored 

and design landslide loads discussed below. In the LPILE analyses, only the portion of the shear . 

pile below the slide plane is analyzed. Therefore, the rectangular landslide loading is applied as 

shear and bending moment at the pile head located at a depth of 40 feet. . 

Material Properties. Material properties were dete.rmined from the subsurface conditions 
encountered in the borings and the results of the laboratory testing program. Details of material 

property determinations are included in Appendix B. The material properties used in the shear 
pile model are shown in Figure 14, as well as other material parameters that are needed to run the 
LPILE program . 

Based on the shear pile model, landslide loading is exerted to the shear piles by the medium stiff 

to stiff, silty clay that exists above the plastic shear zone. The undrained shear strength of this 

soil was estimated to be 1,250 psf (see Appendix B). The very soft, slightly weathered siltstone 
below the slide plane provides the passive resistance in response to the landslide loading. The 
unconfined compressive strength of this rock was estimated to be 600 psi (see Appendix B). The 
unconfined compression test results shown in Table 2 are less than this value primarily due to (i) 
the compression tests were performed with no confining pressures, (ii) the strength results were 
probably influenced by presence of fractures, and (iii) cores of weak rock such as this one are 
prone to damage during compression test sample preparation. However, the test results provide ·a 
check for the validity of the estimated strength used in the shear pile modeling . 

The p-y curve for this rock was developed using the model based on field load tests performed by 

the Kansas DOT (Frantzen and Stratton, 1987). Details of the rock p-y curve are also included in 
Appendix B. 

Design Criteria. The design criteria for the shear pile are expressed in factors of safety as shown 
in Table 4 below . 

Table 4 Design Criteria (Factors of Safety) 

Under unfactored Under design landslide 
Criteria landslide load load 

24 kips/ft 52 kips/ft 
Global Landslide Stability 1.0 1.25 
Rock Reaction Capacity ~3.0 ~ 1.5 

July 7, 2006 7 Landslide Technology 
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Shear Pile Wall Design Recommendations. Parameters that determine the specifics of the shear 

pile wall are: 

• Shear pile diameter, b 

• Shear pile spacing, s (measured on centers) 

• Amount of steel, a ( expressed as a percentage of the cross-sectional area) 

• Number of rows of shear piles (transverse to the direction of sliding) 

• Depth of embedment below the slide plane 

After evaluating several parameter combinations, we present the following as a possible shear 

pile wall design . 

• Shear pile diameter, b = 6 ft 

• Shear pile spacing, s = 9 ft on centers 

• Amount of steel, a = 1.5% (equivalent to 39 #11 bars, equally distributed in a circular 
pattern with 7 .5-inch cover from re bar center to edge of shaft) 

• Single row of piles 

• Depth of embedment = 30 feet below the slide plane 

• Total shear pile depth = up to 70 feet 

It is noted that the amount of steel of a = 1.5% was needed to obtain LPILE results that would 
satisfy the rock reaction design criteria indicated in Table 4. Results of LPILE runs are included 
in Appendix C for both unfactored landslide load and design landslide load conditions. The first 
page of Appendix C shows the pile head boundary conditions of shear and bending moment for 
the two load conditions . 

The depth of embedment was determined by analyzing the embedment depths of 20, 25, and 30 

feet using LPILE. The embedment depth of 30 feet was necessary to satisfy the rock reaction 

factors of safety indicated in Table 4. LPILE run results for embedment depths of 20 and 25 feet 

are included in Appendix C for reference . 

Use ofLRFD. The rectangular landslide loading shown in Figure 14 can be considered to be the 
nominal load, and LRFD may be used to assist with the shear pile design. Details of the LRFD 
approach are included in Appendix D . 

Shear Pile Wall Profile. A proposed limit of the shear pile wall is shown in Figure 15. Most of 

the wall would extend to a d~pth of 70 feet below the ground surface. The top of bedrock rises 
from a depth of about 40 feet at boring LT-2 to a depth of about 10 feet at boring H-2-06 . 
Therefore, the wall could be terminated at a depth of 50 feet for the last 50 to 60 feet at the west 
end as shown in Figure 15 . 

July 7, 2006 8 Landslide Technology 
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We appreciated the opportunity to be of service on this project. If you have any questions, please 
call . 

Sincerely, 

LANDSLIDE TECHNOLOGY 

~~ 
Kenji Yamasaki, P.E . 

Senior Associate Engineer 

Michael R. Meyer, P.E . 

Senior Associate Engineer 

July 7, 2006 9 Landslide Technology 
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Cornforth Consultants, Inc . 
Landslide Technology 

Limitations in the Use and Interpretation 
of This Geotechnical Report 

Our professional services were performed, our findings obtained, and our recommendations 
prepared in accordance with generally accepted engineering principles and practices. This warranty 
is in lieu of all other warranties, either expressed or implied . 

The geotechnical report was prepared for the use of the Owner in the design of the subject facility 
and should be made available to potential contractors and/or the Contractor for information on 
factual data only. This report should not be used for contractual purposes as a warranty of 
interpreted subsurface conditions such as those indicated by the interpretive boring and test pit logs, 
cross-sections, or discussion of subsurface conditions contained herein . 

The analyses, conclusions and recommendations contained in the report are based on site 
conditions as they presently exist and assume that the exploratory borings, test pits, and/or probes 
are representative of the subsurface conditions of the site. If, during construction, subsurface 
conditions are found which are significantly different from tho$e observed in the exploratory borings 
and test pits, or assumed to exist in the excavations, we should be advised at once so that we can 
review these conditions and reconsider our recommendations where necessary. If there is a 
substantial lapse of time between the submission of this report and the start of work at the site, or if 
conditions have changed due to natural causes or construction operations at or adjacent to the site, 
this report should be reviewed to determine the applicability of the conclusions and 
recommendations considering the changed conditions and time lapse . 

The Summary Boring Logs are our opinion of the subsurface conditions revealed by periodic 
sampling of the ground as the borings progressed. The soil descriptions and interfaces between 
strata are interpretive and actual changes may be gradual. 

The boring logs and related information depict subsurface conditions only at these specific locations 
and at the particular time designated on the logs. Soil conditions at other locations may differ'from 
conditions occurring at these boring locations. Also, the passage of time may result in a change in 
the soil conditions at these boring locations. · 

Groundwater levels often vary seasonally. Groundwater levels reported on the boring logs or in the 
body of the report are factual data only for the dates shown . 

. Unanticipated soil conditions are commonly en.countered on construction sites and cannot be fully 
anticipated by merely taking soil samples, borings or test pits. Such unexpected conditions 
frequently require that additional expenditures be made to attain a properly constructed project. It is . 
recommended that the Owner consider providing a contingency fund to accommodate such 
potential extra costs . 

This firm cannot be responsible for any deviation from the intent of this report including, but not 
restricted to, any changes to the scheduled time of construction, the nature of the project or the 
specific construction methods or means indicated in this report; nor can our firm be responsible for 
any construction activity on sites other than the specific site referred to in this report . 



I • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

10250 S.W. Greenburg R oad, Suite 111 
Portland, Oregon 97223 
Main 503-452-1200 Fax 503-452-1528 

VICINITY MAP 

SR 107, MP 4. 7 LANDSLIDE 
MONTESANO, WASHINGTON 

® 
NORTH 

1000 

PROJ. 1744 

FIG. 1 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • •• • • • • • 

? ............... 

CHEHALIS 
RIVER 

~ A' 
_J 

NORTH 

-?~ 100 

SCALE IN FEET . 

JUL 2006 

PROJ. 1744 

FIG. 2 



• • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

MATERIAL DESCRIPTION 
SAMPLE PENETRATION TEST LEGEND 

(BLOWS PER FOOT) ---------

RUN 
NO. 

GROUND 
WATER/ 

INSTRUMENT 
PEN. INSTALLATION WATER CONTENT(%) ~ 
DATA 10 20 30 40 ~ 

2-INCHO.D. 
SPLIT SPOON 

MEDIUM STIFF, black to yellow-brown, sandy, silty 
CLAY; gravel sized crushed rock fragments (ROAD 

3Yz FILL) 
MEDIUM STIFF to STIFF, dark gray, silty CLAY; 
scattered fine siltstone fragments (DECOMPOSED 
SILTSTONE/SLIDE DEBRIS) 

~Yz ----------------------
EXTREMELY SOFT to V. SOFT, dark gray, fresh 
SILTSTONE; slightly jointed, scattered shells 
(LINCOLN CREEK FORMATION) 

NO . 

S-1 

S-2 

S-3a 
S-3b 

S-4 

S-5 

S-6 

S-7 

S-8 

S-9 

R-1 S-10 

R-2 

R-3 

R-4 

R-5 

44 >---------------------+----, 
Bottom of Boring: 44 FT 

3 
2 
2 

3 
4 
4 
4 
5 
4 
3 
2 
3 

5 
6 
7 

3 
3 
4 

21 
38 
so 

HAMMER ASSEMBLY: NOT APPLICABLE SPT SAMPLER: NOT APPLICABLE 

DRILL ROD USED: AWJ BOREHOLE DIAM.: 4.5 INCH 

DRILLER: WA DOT ili LANDSLIDE DATE START: 4/25/2006 FINISH: 4/25/2006 TECHNOLOGY 

DRILLING TECHNIQUE: HWT Casing Advancer 10250 s.w. Greenbm1t Road. Suit~ 111 

l'ort131l<I, Ore!;illl 9722:l 
Phone 503-452-12/)iJ l~1x 503-452-15211 

501-----1----1 

551-----1----1 

601-----1----1 

65,_ _____ .... 

701-----1----1 

75_·---+-

20 40 60 80 

RECOVERY/RQD (%) 

I 
[I] 

[II] 

* 

3-INCHO.D. 
SPLIT SPOON 

3-INCH 0.D. THIN 
WALL SAMPLER 

3-INCHO.D. 
PITCHER 
TUBE SAMPLER 

NO SAMPLE 
RECOVERY 

_y 12/5/2005 

GROUND WATER 
LEVEL AND 
DATE OBSERVED 

1 
_ ~ LIQUID LIMIT 

~WATER 
"'- CONTENT 

PLASTIC LIMIT 

.A. STANDARD 
PENETRATION 
TEST (BLOWS/FT.) 

e WATER CONTENT 
IN PERCENT 

CORE RECOVERY 
IN PERCENT 

RQD IN PERCENT 

J PT-1 PACKER TEST 
INTERVAL 

NOTES 

1. MATERIAL 
DESCRIPTIONS AND 
INTERFACES ARE 
INTERPRETIVE AND 
ACTUAL CHANGES 
MAY BE GRADUAL. 

SUMMARY BORING LOG 
LT-8 

JUL2006 

PROJ 1744 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON FIG. 3 
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MATERIAL DESGRIPTION 

MEDIUM STIFF, dark gray, silty CLAY, scattered siltstone 
fragments (DECOMPOSED SILTSTONE/SLIDE DEBRIS) 

Bottom ~f Boring: 23.9 FT 

SAMPLE 

PEN. 
NO. DATA 

S-1 

S-2 

S-3 

HAMMER ASSEMBLY: NOT APPLICABLE SPT SAMPLER: NOT APPLICABLE 

DRILL ROD USED: AWJ BOREHOLE DIAM.: 4.5 INCH 

DRILLER: WA DOT ill LANDSLIDE DATE START: 4/26/2006 FINISH: 4/26/2006 TECHI-IOLOGY 

DRILLING TECHNIQUE: HWT Casing Advancer 10250 s. w. Greenburg Road. Suite 111 
l'oi1iand, Orc~on 97223 
l'honc Si\J-452-12i)(J Fa~ 5(1'.>-452-1528 

GROUND PENETRATION TEST 
WATER/ (BLOWS PER FOOT) 

LEGEND 

INSTRUMENT 
INSTALLATION WATER CONTENT(%) f?,I 

10203040 ~ 
2-INCHO.D. 
SPLIT SPOON 

I I 
3-INCHO.D. 
SPLIT SPOON 

51----1---""""" 

101----1----1 

15,L----1----1 

[]] 

!Ill 

3-INCH O.D. THIN 
WALL SAMPLER 

3-INCHO.D. 
PITCHER 
TUBE SAMPLER 

* NO SAMPLE 
RECOVERY 

12/5/2005 

y_ GROUND WATER 
LEVEL AND 
DATE OBSERVED 

20 
__ 

1 
- ," LIQUID LIMIT 

1----1-_--R-.,.,"'"' ~ WATER 
' • ""- CONTENT 

PLASTIC LIMIT 

251----1----1 

301----1----1 

351----1----1 

401----1----1 

451----1----1 

50L------'-----' 

551----1----1 

601..---...I---""""" 

65,,__ __ -1----1 

70•1----1----1 

75,, ___ ...__ ___ _ 

an ; ; ; 

20 40 60 80 

RECOVERY/ROD (%) 

• 
STANDARD 
PENETRATION 
TEST (BLOWS/FT.) .. 

WATER CONTENT 
IN PERCENT 

CORE RECOVERY 
IN PERCENT 

RQD IN PERCENT 

J PT-1 PACKER TEST 
INTERVAL 

NOTES 

1. MATERIAL 
DESCRIPTIONS AND 
INTERFACES ARE 
INTERPRETIVE AND 
ACTUAL CHANGES 
MAY BE GRADUAL . 

SUMMARY BORING LOG 
LT-Sb 

JUL 2006 

PROJ 1744 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON FIG. 4 
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MATERIAL DESCRIPTION 

MEDIUM STIFF, black to yellow-brown, sandy, silty 

2y. CLAY; gravel sized crushed rock fragments (ROAD 
J=ILL) ____________________ _ 
SOFT, orange-brown_ silty CLAY; scattered siltstone 
fragments (DECOMPOSED SILTSTONE/SLIDE 
DEBRIS) 

~Yz ----------------------
MEDIUM STIFF, dark gray, silty CLAY; scattered 
siltstone fragments (DECOMPPOSED 
SILTSTONE/SLIDE DEBRIS) 

~Yz ----------------------
EXTREMELY SOFT to VERY SOFT (RO-R1), dark 
gray, slightly weathered SILTSTONE; slightly fractured, 
scattered shells (LINCOLN CREEK FORMATION) 

Bottom of Boring: 58 FT 

SAMPLE 

RUN 
NO. NO. 

S-1 

S-2 

S-3 

S-4 
S-5 0 

0 
S-o 2 

0 

S-7 0 
2 
0 

S-8a 2 

S-Sb 
2 

S-8c 0 

S-9 2 
2 

S-10 

S-11 

·s-12 

S-13 

S-14 

S-15 

S-16 
R-1 

S-17 

R-2 

R-3 

R-4 

R-5 · 

HAMMER ASSEMBLY: NOT APPLICABLE SPT SAMPLER: NOT APPLICABLE 

DRILL ROD USED: AWJ BOREHOLE DIAM.: 4.5 INCH 

DRILLER: WA DOT 
iLANDSLIDE DATE START: 4/24/2006 FINISH: 4/25/2006 TECHNOLOGY 

DRILLING TECHNIQUE: HWT Casing Advancer 102,o s.w. Greenburg Ro;id, Suite 111 
PonLind. On•gon 9722' 
l'houe 5/iJ-~,2-120(1 hix .5•lJ-452-l52ll 

GROUND PENETRATION TEST LE GENO 
WATER/ (BLOWS PER FOOT) 

INSTRUMENT 
WATER CONTENT(%) INSTALLATION ~ 

2-INCHO.D. 
10 20 30 40 SPLIT SPOON .. . 

I 3-INCH 0.0. ., 
' 

SPLIT SPOON ,. 
ill 3-INCH 0.0. THIN 

WALL SAMPLER 

. \. un 3-INCHO.D. 

. ·,· PITCHER . \ TUBE SAMPLER 

* NO SAMPLE 

. 64 RECOVERY 

12/5/2005 

~ GROUND WATER 15 

. 68 LEVEL AND 
DATE OBSERVED 

20 1 
- ~ LIQUID LIMIT 

S4 ~WATER 
CONTENT 

. 1 

. /" PLASTIC LIMIT 
n 

60,1-----+-----I 

65,1-----1-----~ 

10,1---__ _.... 

75,.__ ___ _._ __ 

20 40 60 80 
RECOVERY/RQD (%) 

• 
STANDARD 
PENETRATION 
TEST (BLOWS/FT.) 

WATER CONTENT 
IN PERCENT 

~ . CORE RECOVERY 
tLLJ IN PERCENT 

1111 RQD IN PERCENT 

J PT-1 PACKER TEST 
INTERVAL 

NOTES 

1. MATERIAL 
DESCRIPTIONS AND 
INTERFACES ARE 
INTERPRETIVE AND 
ACTUAL CHANGES 
MAY BE GRADUAL. 

.J 

SUMMARY BORING LOG 
LT-9 

JUL2006 

PROJ 1744 

SR 107, MP4.7 LANDSLIDE 
MONTESANO, WASHINGTON FIG. 5 
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01 
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Portland, Oregon 97223 

1744106 MWT Main 503-452-1200 Fax 503-452-1528 
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RESULT: 

Peak Stress CT 1 - CT 3 

5442 psf 

TEST CONDITIONS: 

Cell Pressure 

2340 psf 

0 5 10 15 20 

AXIAL STRAIN IN PERCENT 

Boring No. LT-Sb Sample No. S-1 Depth of Sample 

Soil Description MEDIUM STIFF to STIFF, dark gray, silty CLAY; 

scattered siltstone fragments 

181 Undisturbed D Compacted 

19.5 ft . ----

Initial Conditions: Length 6.01 inches Wet Density _1_2_o __ lb./ft. 3 

Diameter 2.89 inches Water Content 27 % ----
Rate of Axial Strain _6_0 ___ % per hr. 

UNCONSOLIDATED-UNDRAINED JUL2006 

10250 S.W Greenburg Road, Suite 111 
Portland, Oregon 97223 · 

1744\07 MWT Main 503-452-1200 Fax 503-452-1528 

TRIAXIAL TEST PROJ. 1744 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON FIG. 7 
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AXIAL STRAIN IN PERCENT 

Boring No. LT-8b Sample No. S-2 Depth of Sample _2_1_.6 __ ft . 

Soil Description MEDIUM STIFF to STIFF, dark gray, silty CLAY; 

scattered fine siltstone fragments 

181 Undisturbed 

Initial Conditions: 

D Compacted 

Length 6.01 inches ---- Wet Density 113 lb./ft. 3 
----

Diameter 2.86 inches Water Content 24 % ----
Rate of Axial Strain _6_0 ___ % per hr. 

UNCONSOLIDATED-UNDRAINED 

psf 

JUL 2006 

TRIAXIAL TEST -PR_O_J_ 1-74-4 

10250 S.W. Greenburg Road, Suite 111 
Portland, Oregon 97223 

1744\0BMWT Main 503-452-1200 Fax 503-452-1528 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON FIG. 8 
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RESULT: 

Peak Stress <T 1 - <T 3 
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:) ,____ _____ ·--+------+-----·~----·~ 
0 
CJ) 

er w 
D.. 
en 
C z 6 4000 
D.. 
z 
CJ) 
CJ) 
w 
0:::: 
I-­en 
0:::: 

~ 
~ 
C 

. . 

I 

1 
I 

I 
I 

I 
I 
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•' Cell Pressure 

1· 

1930 psf 

---

I I I ! 0 ._ ____ J..._ ____ L_ ____ L____; __ __J 

0 5 10 15 20 

AXIAL STRAIN IN PERCENT 

Boring No. LT-9 Sample No. S-7 Depth of Sample 16.1 ft . 

Soil Description SOFT, blue-gray, silty CLAY 

181 Undisturbed D Compacted 

Initial Conditions: Length 6.01 inches Wet Density 103 lb./ft.3 

Diameter 2.84 inches Water Content 60 % 

Rate of Axial Strain 60 % per hr . 

1"- LANDSLIDE 
ll!!lhECHNOLOGY 

UNCONSOLIDATED-UNDRAINED JUL2006 

10250 S.W Greenburg Road, Suite l 11 
Portland, Oregon 97223 

1744\09MWT Main 503-452-1200 Fax 503-452-1528 

TRIAXIAL TEST -PR_O_J_ 1-74-4 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON FIG. 9 
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LL 
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0:::: 
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I I I 0 ! 

0 5 10 15 20 

AXIAL STRAIN IN PERCENT 

Boring No. LT-9 Sample No. S-10 Depth of Sample . 23.2 ft . 

Soil Description MEDIUM STIFF, orange-brown, silty CLAY 

181 Undisturbed D Compacted 

Initial Conditions: Length 6.00 inches Wet Density 110 lb./ft.3 

Diameter 2.86 inches Water Content 38 % 

Rate of Axial Strain 60 % per hr . 
-

UNCONSOLIDATED-UNDRAINED JUL 2006 l\l ~A~1?~t~~~ TRIAXIAL TEST -PR_O_J_ 1-74-4 

10250 S.W Greenburg Road, Suite 111 
Portland, Oregon 97223 

1744110MWT Main 503-452-1200 Fax 503-452-1528 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON FIG. 1Q 
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0 2000 4000 6000 8000 10,000 

NORMAL STRESS IN POUNDS PER SQUARE FOOT 

LEGEND 

LT-8b, S-1 

---- LT-Sb, S-2 

~ Undisturbed 

Type of Test 

Soil Description 

D Compacted 

Unconsolidated-Undrained Triaxial 

S-1 MEDIUM STIFF to STIFF, dark-gray, silty CLAY; scattered 

siltstone fragments 

S-2 MEDIUM STIFF to STIFF, dark-gray, silty CLAY; scattered 

siltstone fragments 

10250 S.W. Greenburg Road, Suite 111 
Portland, Oregon 97223 

MOHR DIAGRAM-UU TESTS 
L T-Bb SAMPLES 1 and 2 

1744111 LJW Main 503-452-1200 Fax 503-452-1528 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON 

12,000 

JUL2006 

PROJ. 1744 

FIG. 11 
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---- LT-9, S-7 

181 Undisturbed D Compacted 

Type of Test Unconsolidated-Undrained Triaxial Test 

Soil Description S-10 MEDIUM STIFF, orange-brown, silty clay 

S-7 SOFT, blue:9ray1 silty CLAY 

10250 S.W. Greenburg Road, Suite 111 
Portland, Oregon 97223 

1744\12 LJW Main 503-452-1200 Fax 503-452-1528 

MOHR DIAGRAM-UU TESTS 
LT-9 SAMPLES 7 and 10 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON 

12,000 . 

JUL 2006 

PROJ.1744 

FIG. 12 
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I-w 
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u. 
~ 
z 
0 
j::: 

~ w 
...J w 

A 
120 

80 

40 

0 

-40 

H-3-06 (PROJECTED 60 FEET WEST) 

HEADSCARP 

LT-1 --- ---- -- --..,. __ -----

72Yi FT 

135Y2 FT 

2/16/06 LEVEL +10 FEET 

2/16/06 LEVEL +5 FEET 

WATER LEVEL 

2/16/06 LEVEL 

2/16/06 LEVEL +5 FT. 

2/16/06 LEVEL +10 FT. 

2/16/06 LEVEL +10 FT. 

LANDSLIDE FS 
WITHOUT SHEAR PILE 

1.11 

1.00 (1) 

0.90 

0.90 

NOTE: (1) BACK-CALCULATED <J>r' = 15.7° 

(2) Fsp= SHEAR PILE FORCE PER 
UNIT WIDTH OF LANDSLIDE 

LANDSLIDE FS 
WITH SHEAR PILE 

1.25, WITH F SP (2} = 29 kips/ft 

1.25 WITH F SP = 52 kips/ft 
. . 

1.00 WITH F SP= 24 kips/ft 

1.25 WITH F SP = 69 kips/ft 

A' 

REMARKS 

DESIGN LOAD 

UNFACTORED LOAD 

ESTIMATED 2/16/06 WATER LEVEL 

72Y2 FT 

VERY SOFT to SOFT (R1-R2) SILTSTONE 

PROPOSED SHEAR PILES 

LT-

-=-:::::.-~------------:..~ ............ _ 

ESTIMATED SLIDE PLANE 
<l>r' = 15.7° 

65Yi FT 

---~--- EL. 13 FT. 
-----=----- EL. 8 FT . 

0 40 80 

SCALE IN FEE T 

S\LOPE STABILITY ANALYSES JuL2oos 

10250 S.W. Greenburg Road, Suite 111 
Portland, Oregon 97223 

(CROSS S~CTION A-A') PROJ. 1744 

1744113 MWT Main 503-452-1200 Fax 503-452-1528 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON FIG. 13 
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DEPTH (FT) 
'\7 0 ---------=:!!::----~....,....,...,..,.....~------------~ -

~ 
SOFT, silty CLAY 

-y' = 0.0276 pci 

Su= 450 psf = 3.12 psi 

k = 40 pci 

MEDIUM STIFF to STIFF, silty CLAY 

~. 

SLIDE FORCE LOADING ~ ! ~ 
(m·su) b ~ <( ~ 

"YsAT = 117 pcf, -y' = 0.0316 pci 

su = 1,250 psf = 8.68 psi 

k = 350 pci 
...--.-----~ ~ ~ 

,_ h i------i~ en~ e50 = 0.007 

-----~ ~ ~ 37 r ARM ~ ~ g§·i,...;;..;..O--P-LA_S_T-IC_S_H_E_A_R_Z_O_N_E _____ _ 
__ , ______ -->. _____ ,_--I~ u // 4 -->. -->. -->. 

~~en ~ ~SLIDE -

EQUATION: 

(m·su) b·h = Fsp·S 

WHERE, 

b = SHEAR PILE DIAMETER 

S = SHEAR PILE SPACING 
ON CENTERS 

m=6FORS/b=1.5 

Fsp = SHEAR PILE FORCE PER 
UNIT WIDTH OF SLIDE 

h = HEIGHT OVER WHICH 
SLIDE FORCES ACT 

~ // PLANE 

VERY SOFT (R1), slightly weathered SILTSTONE 

"YSAT = 125 pcf, -y' = 0.0362 pci 

qu= 600 psi 

USER SPECIFIED p - y CURVE 

LEGEND 

"YSAT = SATURATED UNIT WEIGHT 

~ 
-y' = EFFECTIVE UNITWEIGHT 

~ s = UNDRAINED SHEAR STRENGTH 
.____~---~"'""" ~://,'-'-', 70 u 

k = SOIL MODULUS PARAMETER 
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~ en 

e50 = VALUE OF STRAIN AT 50% OF MAX. STRESS 

NOTTO SCALE 

10250 S.W Greenburg Road, Suite 111 
Portland, Oregon 97223 

1744114 MWT Main 503-452-1200 Fax 503-452-1528 

qu = UNCONFINED COMPRESSIVE STRENGTH 

SHEAR PILE MODEL (BETWEEN _J_uL_20_0s_ 

BORINGS LT-2 AND LT-7) 
SR 107, MP 4.7 LANDSLIDE 

MONTESANO, WASHINGTON 

PROJ.1744 

FIG. 14 
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Appendix A 

Rock Core Unconfined Compression Test Results 

(Performed by WSDOT State Materials Laboratocy, Tumwater, WA) 
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Test Summary 
• Counter: 5290 

Elapsed Time: 00:01:09 e Contract Number: XL2425 
• CylinderNumber: l 

Lab ID Number: e Procedure Name: 
Start Date: e Start Time: 
End Date: 

• EndTime: 
• Workstation: 

Tested By: • • • • • • • • • • •• •• • • • • • • • 

STRAIN 1 
S/11/2006 
l:27:18PM 
S/ll/2006 
l:28:27PM 
D0TML30667 
SATEC 

I 
l 

I 

·'-" 

0.8 I. 0 

~AX NU. 4 

Specimen Gage Length: 
Diameter: 
Area: 
Load at Break: 
Compressive Strength: 
Stress at Break: 

Test Results 
S.2880 in 
2.3530 in 
4.3484 in~ 

240.0000 !bf 
154.3096 psi 

55.1927 psi 

P. 02 



• • • •• 

MAY-~lh~UUo WtlJ Utl: 1 o An W~lJUT i'U~~li litUltli tlt<ANli i'AX NU. 4 

• • • • • • • • • • 
• Q. 

:9 . '-' . ] 
• • • • • • • • • • • • • • • • 

0~ 

20 
~.: 
II\, 

lS 0~ 

JO 0~ 

o;; /'\ 

I ~ 
5 

- / 
-1 0.2 

• Test Summary 
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Test Summary 
e Counter: 5287 

• 
Elapsed Time: 00:04:48 
Contract Number: XL2425 e Cylinder Number: 2 
Lab ID Number: e Procedure Name: st.rain l 
Start Date: S/11/2006 

• Start Time: 11 :49:20 AM 

• 
End Date: 5/11/2006 
End Time: 11:54:08 AM 

• Workstation: D0TML30667 
Tested By; 'SATEC • • • • • • • • • • • • • • • • • • • 

IIL, .. 
~ 

0.4 

l'AX NU. 4 

Specimen Gage Length: 
Diameter: 
Area: 
Load at Break: 
Stress at Break: 
Compressive Strength: 

o. s 

Test Results 
5.8040 in 
2.3690 in 
4.4078 in2 

628.0000 lbf 
142.4747 psi 
247.2889 psi 

P. 04 
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Test Summ11ry 

Elapsed Time: 00:04:48 
Contract Number: XL242S 
Start Date: 5/11/2006 
Start Time: 11;49:20 AM 
End Date: 5/11/2006 
End Time: 11:54:08 AM 
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Test Summary 
• Counter: 5288 

Elapsed Time: 00:15:31 e Contract Number: XL242S. 

• 
Cylinder Number: 3 
Lab JD Number: e Procedure Nnme: Proc3 
Sta1t Date: S/11/2006 

• Start Time: 12:50:03 PM 

• 
End Date: S/11/2006 
End Time: 1:05:34 PM 

• 
Workstation: DOTML30667 
Tested By: SATEC 

• • • • • • • • • • • • • •· • • • • • 

Specimen Gage Length: 
Diameter: 
Area: 
Compressive Strength: 
Load at .Break: 
Stress at Break: 

2.0 2: s 

Test Ros ults 
5.9510 in 
2.3720 in 
4.4190 in2 

245.3044 psi 
799.0000 lbf 
180.8101 psi 

P. Uo 
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• Test Summary 

• Elapsed Time: 00:15:31 
Contract Number: XL242S e Start Date; 5/11/2006 
Start Time: 12:50:03 PM e End Date: S/11/2006 

• End Time: 1 :OS:34 PM 
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Test Summary 
e Counter: 5289 

Elapsed Time: 00:05:56 
• Contract Number: XL2425 

• 
CylinderNumber: 4 
Lab ID Number: e Procedure Name: STRAIN 4 
Start Date: S/11/2006 

• Sta1t Time: 1:15:12 :PM 
End Date: S/11/2006 

• Erid Time: 1:21:08 PM 
• Workstation: OOTML30667 

Tested By: SATEC • • • • • • • • • • • • • • • • • • • 
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Tost Results 
Specimen Gage Length: S.4920 in 
Diameter: 2.3830 in 
Area: 4.4600 in2 

Compressive Strength: 380.4933 psi 
Load at Break: 351.0000 !bf 

P. U8 
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• Test Snmmary 
Elapsed Time: 00:05:56 

• Contract Number; XL2425 
Start Date: 5/11/2006 

• Start Time: 1:15:12 PM 

• 
End Date: 5/11/2006 
End Time: 1:21:08 PM • • • • • • • 
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AppendixB 

Material Property Determinations 
and 

Rock p-y Curve 
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'J 1-< o..,C t-c, cf:: M~;:..r 

BY 

CK 

PROJ. NO. / 7 r-y-

SHEET 2 OF ----
J< '( DATE S--2.D-C>b 

DATE ----------
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TableJ Summary of Point Load Tests 

Estimated 

Depth 
Test Unconfined 

Boring Type* Compressive 
No. (ft) Iscso) Strength (psi) 

LT-8-1 42 D 0.25 883 
-LT-8-2 40.4 D- 0.26 919 
LT-8-3 37.5 D 0.23 819 
LT-8-4 34.6 D 0.22 790 
LT-8-5 26.3 D 0.20 697 
LT-8-6 27.5 D 0.20 702 
LT-8-7 27 D 0.22 795 
LT-8-8 28.5 D 0.24 866 
LT-8-9 28.9 A 0.32 1,125 

LT-8-10 26 A 0.29 1,041 
Mean Diametral LT-8 809 

Mean Axial LT-8 1,083 
~ 

LT-9-1 57.5 D 0.34 1,201 r 

LT-9-2 55.2 D 0.22 787 
LT-9-3. 53 D 0.21 749 
LT-9-4 50.2 D 0.20 721 
LT-9-5 39.5 D 0.21 744 
LT-9-6 41 D 0.20 697 
LT-9-7 41.5 D 0.18 628 
LT-9-8 42.5 D 0.17 604 
LT-9-9 42.8 A 0.27 964 
LT-9-10 39.9 A 0.21 733 

Mean Diametral L T-9 766 

Mean AxiaJ LT-9 849 

*D = diametral test, along the bedding plane 

A= axial test, perpendicular to the bedding plane 

5 Landslide Technology 
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p- Curves for Siltstone 5-22-06 KY 

_1=0 _1=0 
_2 = 0.007*b p_2 = 0.28*q_u*b 
_3 = o.0203*b p_3 = o.s•q_u*b . ~---,---·---t"-==-----+='-'------+---'-lf----+-----t---··--

b = diameter of ile 
q_u = unconfined·compressive strength of roi::k 

·b= 
Q_U= 

Pt lb/in 
1 0 0 
2 0.504 12096 
3 1.4616 21600 

25000 

20000 

i 15000 
.a 
~ 10000 

5000 

0 

p-y curve for rock 

0 0.5 1 1.5 2 

y(in) 

!-+-p-y curve I 
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AppendixC 

LPILE Analysis Results for Shear Pile 



•••••••••••••••••••••••••••••••••••••••••••• 
1744 SR 107, MP 4.7 Slide 5-24-06 KY 
Soreadsheet to calculate p_ile head shear and bending moment 

Assume 3-ft thick I 
shear zone above 
shear plane. 

Pile Pille Pile Loading Shear Pile Force Height over which arm for Pile head Pile head 
Diameter Soacina Soacina P-multlolier Soil Calculated from slide force acts bendina moment Shear Bendina Moment 

b Ratio s p m=9*p s_u Slooe Stability Analvsis h=(F sp*s)/(m*s u*b) (ft) F t M t 
(ft) s/b (ft) (psf) F _sp (lb/ft) (ft) (lb} (lb-in) 

6 1.5 9 0.7 6 1,250 24,000 4.80 5.40 216,000 13,997,000 
6 1.5 9 0.7 6 1,250 52,000 10.40 8.20 468,000 46,051,000 

0 0 1,250 38,000 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0 1,250 25,000 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0 1,250 25,000 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0 1,250 24,000 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0 1,250 24,000 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0 1;250 69,000 #DIV/01 #DIV/0! 0 #DIV/0! 
0 0 1,250 52,000 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0 1,250 12,000 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0 1,250 26,500 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0 1,250 35,000 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0.0 1,250 24,000 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0.0 1,250 52,000 #DIV/0! #DIV/0! 0 #DIV/0! .. 0 0.0 1,250 69,000 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0 1,250 52,000 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0 1,250 24,000 #DIV/0! #DIV/0! 0 #DIV/0! 
0 0 1,250 52,000 #DIV/0! #DIV/0! 0 #DIV/0! 
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AppendixD 

Use of LRFD for Shear Pile Design 
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Appendix D 1744 

Use of LRFD for Shear Pile Design 

The following could be used as an approach for applying the LRFD for Bridge Design to the 

design· of shear piles. Please refer to Table 3.4.1-1 of AASHTO LRFD Bridge Design 

Specifications, 2nd Ed, 1998 . 

1. The unfactored landslide force of Fsp = 24 kips/ft (see the paragraphs under Shear Pile 

Forces on page 6 of the report) is a best estimate of actual landslide loading on the shear pile 

under "normal landslide conditions." (Landslide is by no means normal, however.) To 

analyze this condition, Strength-I Limit State should be used. Landslide loading could be 

considered to be somewhere between Permanent Loads (EH, etc.) and Transient Loads (LL, 

IM, etc.), so the load factor to use would be y = (1.5 + 1.75)/2 = 1.65. To obtain the 

geotechnical FS of 3 (see Table 4 of the report), the resistance factor would be </, = y/FS = 
1.65/3 = 0.55 . 

2. The design landslide force of Fsp = 52 kips/ft is an "already factored" landslide loading on 

the shear pile to provide a global FS = 1.25. This condition would be somewhere between 

the Strength Limit State and the Extreme Event Limit State. (As a side note, we are not 

designing for any seismic loading conditions.) This condition may be referred to as "Unusual 

Event" Limit State. The load factor to use would be y = 1.00 (similar to IC and CV). To 

obtain the geotechnical FS of 1.5, the resistance factor would be </, = 1.00/1.5 = 0.65 . 

To summarize, the shear pile should be designed for the following two load combinations . 

(1) Strength-I Limit State with y = I .65 and </, = 0.55: nominal Fsp = 24 kips/ft 

(2) "Unusual Event" Limit State with y = 1.00 and </, = 0.65: nominal Fsp = 52 kips/ft 

The rectangular slide force loading in Figure 14 of the report is the nominal load and can be 

used for both load combinations . 

The load diagrams for the two conditions are attached. These load diagrams are based on 

conventional soldier-pile type analyses and can be used to perform a check of the maximum 

bending moment in th~ shear pile and the required embedment depth. However, we do not 
recommend these diagrams be used for the final design of the shear piles, because the rock 

reaction distribution below the slide plane is too simplistic . 
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Strength Limit State 

Fsp = 24 kips/ft (derived from 
slope stability analysis at FS = 1.0) 
Use load factory = 1.65 to obtain 
factored load. · 

. 3' ·* 

*Plastic shear zone 

Soft silty clay 
Su= 450 psf 

Med. Stiff to stiff 
silty clay 

• Su = 1,250 psf 
/ Slide plane 

Very soft (R1) 
slightly weathered 
siltstone. 
qu = 600 psi 

Note 1 ): The rectangular landslide loading should be converted to Ft and Mt and applied at 
the slide plane as shown above . 

Use resistance factor, <l>P = 0.55 multiplied to passive resistance crP to obtain 
factored passive resistance, crpfac· 

Note: Pm is the p-multiplier and are 0.8 for s/b=2, 0.7 for s/b=1.5, and 0.65 for s/b=1.3 . 
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"Unusual Event" Limit State 

Fsp = 52 kips/ft (derived from . 
slope stability analysis at FS = 1 .25) 
Use load factory = 1.00 to obtain 
factored load . 

3' * 

*Plastic shear zone 

Soft silty clay 
Su= 450 psf 

Med. Stiff to stiff 
silty clay 
Su = 1,250 psf 

/ Slide plane. 

Very soft (R1) 
slightly weathered 
siltstone 
qu = 600 psi 

Note 1 ): The rectangular landslide loading should be converted to Ft and Mt and applied at 
the slide plane as shown above . 

Use resistance factor, cj,P = 0.65 multiplied to passive resistance crP to obtain 
factored passive resistance, crpfac· · 

Note: Pm is the p-mliltiplier and are 0.8 for s/b=2, 0.7 for s/b=1.5, and 0.65 for s/b=1.3 . 
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Shear Pile Design 
Notes to Conventional Method Load Diagram 

Symbols 
b = shear pile diameter 
s = shear pile spacing on centers 
Su = undrained shear strength of cohesive soil 
Pm = p-multiplier 
m = 9 * Pm 

= 7 for s/b=2 
= 6 for s/b=1.5 
= 5.9 for s/b=1.3 

F sp = shear pile force (slide force) per unit width of slide 
h = height over which slide force acts 
qu = unconfined compressive strength of rock 

. Ft = shear in pile at the slide plane (factored) 
Mt = bending moment in pile at the slide plane (factored) 
y = load factor 
<f> = resistance factor 

Equations 
Ft =·y F sp s = y(msu)bh 
Mt= Ft (~rm) · . 

Where arm = ·3 ft + h/2 
3 ft is the thickness of the plastic shear zone at the slide 
plane where there is noinet loading on the pile. This is 
typically estimated from inclinometer deflection plots . 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

AppendixE 

Logs of Borings Drilled in January 2006 
. . 
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MATERIAL DESCRIPTION 
SAMPLE PENETRATION TEST LEGEND 

(BLOWS PER FOOT) ---------
>u. wz 
...J­
w SURFACE ELEVATION: 55.0 FT. RUN 

NO. 

GROUND 
WATER/ 

INSTRUMENT 
PEN. INSTALLATION WATER CONTENT(%) ~ 
DATA 10 20 30 40 ~ 

2-INCHO.D . 
SPLIT SPOON 

27.5 

STIFF, brown and light gray, silty CLAY; trace 
sand, blocky, relic rock texture, medium sand 
sized siltstone fragments (DECOMPOSED 
SILTSTONE/SLIDE DEBRIS) 
... top 4' jumbled and VERY SOFT, brown, 
slightly clayey SILT; numerous organics, rootlets 
and wood fragments 

... siltstone fragments coarse gravel-sized from 
16 to 27.5 feet. 

27
% ... becomes MEDIUM STIFF at 26 to 27.5 feet. _ 

. STIFF to VERY STIFF, gray, slightly sandy, silty 
CLAY; coarse gravel sized siltstone fragments, 
scattered shell fragments, blocky (HIGHLY 
WEATHERED SILTSTONE) 

1U ~% -------------------
VERY SOFT (R1), gray slightly weathered, 
SILTSTONE; moderately jointed, scattered shell 
fragments, occasional sandstone lenses. 
(LINCOLN CREEK FORMATION) 

. .. becomes VERY SOFT to SOFT (R1-R2) and 
fresh at approximately 54.5 feet 

R-1 

R-2 

R-3 

R-4 

R-5 

R-6 

-17.5 72%,t------------------1-----l 
Bottom of Boring: 72.5 FT 

NO . 

S-1 

S-2 

S-3 

S-4 

S-5 

S-6 

S-7 

S-8 

S-9 

S-11 

S-12 

S-13 

S-14 

0 
1 
1 

6 
5 
5 

3 
3 
5 

4 
3 
5 

6 
4 
4 
4 
5 
8 

1 
1 
2 

5 
7 
8 

4 
5 
8 

7 
10 
11 
15 
18 
19 

19 
30 

50/5" 

12 
13 
20 

26 
43 

50/5" 

HAMMER ASSEMBLY: AUTO TRIP 

DRILL ROD USED: AWJ 

SPT SAMPLER: NO LINER - RECESSED ID 

BOREHOLE DIAM.: 4.5 INCH 

. 77 

151--1---i---l--""" 

• 7!:J 

J . 

•• 1 . 
351---_,..._--1-..:..·1 _· ---1 

. 72. 

20 40 60 80 

RECOVERY/ROD (%) 

I 
[I] 

un 

3-INCHO.D. 
SPLIT SPOON 

3-INCH 0.0. THIN 
WALL SAMPLER 

3-INCHO.D . 
PITCHER 
TUBE SAMPLER 

* NO SAMPLE 
RECOVERY 

12/5/2005 

.!, GROUND WATER 
LEVEL AND 
DATE OBSERVED 

1 
- ~ LIQUID LIMIT 

~WATER 
"-- CONTENT 

• 

PLASTIC LIMIT 

STANDARD 
PENETRATION 
TEST (BLOWS/FT.) 

WATER CONTENT 
IN PERCENT 

P7}f . CORE RECOVERY 
~ INPERCENT 

ill RQD IN PERCENT 

] PT-1 PACKER TEST 
INTERVAL 

NOTES 

1. MATERIAL 
DESCRIPTIONS AND 
INTERFACES ARE 
INTERPRETIVE AND 
ACTUAL CHANGES 
MAY BE GRADUAL. 

2. START CARD NO: 
R68284 

3. HOLE NO: LT-1-06 

4. SITE ADDRESS: SR 107 
VICMP4.7 

5. WELL ID NO: AKK-274 

6. GRAYS HARBOR 
COUNTY 

7. NE 1/4, SE 1/4, 
SECTION 23, T17, RB -
WWM 

8. DRILLER: MIKE 
HARVEY, LIC NO. 2599 

DRILLER: WA DOT 

DATE START: 1/24/2006 FINISH: 1/25/2006 

DRILLING TECHNIQUE: HWT Casing 

Advancer/HQ3 Coring 

liiLANDSLIDE 
TECHNOLOGY 

SUMMARY BORING LOG 
LT-1 

JUN 2006 

PROJ 1744 

1025il S. W. Greenburg Rood. Suite 111 
l'onbnd, Oregon 97223 
l'hone 503-452-1200 Fax Sli:l-452-152~ 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON 

FIG.' 4 
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z 
01- MATERIAL DESCRIPTION 

SAMPLE PENETRATION TEST LEGEND 
(BLOWS PER FOOT) ---~-----i==tfl 

~LL 
wz 
...J­
w SURFACE ELEVATION: 55.0 FT. 

GROUND 
WATER/ 

INSTRUMENT 
PEN. INSTALLATION WATER CONTENT(%) ~ 2-INCHO.D. 

SPLIT SPOON NO . DATA 10 20 30 40 

Quick drilled piezometer. One sample ~ttempted. 

S-1 * I 
13.0 42 1----------------------1 -

Bottom of Boring: 42 FT 

HAMMER ASSEMBLY: NOT APPLICABLE SPT SAMPLER: NOT APPLICABLE 

DRILL ROD USED: NOT APPLICABLE BOREHOLE DIAM.: 4.5 INCH 

DRILLER: WA DOT 

DATE START: 1/25/2006 FINISH: 1/25/2006 ~LANDSLIDE 
TECHNOLOGY 

DRILLING TECHNIQUE: HWT Casing Advancer 10250 s.w. GrcenhurgRo:1<1, Suiit· 111 

l'onland. Oregon ')7223 
Phone 503-452~121)0 Fax 5liJ-4.52-152li 

51-----1-----1 

10.,.. ----+-----< 

I 3-INCHO.D. 
SPLIT SPOON 

I] 3-INCH O.D. THIN 
WALL SAMPLER 

[I]] 3-INCHO.D. 
PITCHER 
TUBE SAMPLER 

* NO SAMPLE 
RECOVERY 

12/5/2005 

~ ~ 151-----1-----1 y_ GROUND WATER 
LEVEL AND 

~ ~ 
~ ~~01/28/06 

DATE OBSERVED 

~ ~ 201----1-----1 

~ ~ 
1 

- ," LIQUID LIMIT 

~WATER 

~ ~ 

~ ! ~ 

..:.....::. 

251-----1-----; 

30 

35 

40 

45 

50 

55 

60 

65 

70 

751----+----I 

Rn ; ; ; ; 

20 40 60 80 

RECOVERY/ROD (%) 

"- CONTENT 

PLASTIC LIMIT 

... STANDARD 
PENETRATION 
TEST (BLOWS/FT.) 

• WATER CONTENT 
IN PERCENT 

~ 
CORE RECOVERY 
IN PERCENT 

II RQD IN PERCENT 

] PT-1 PACKER TEST 
INTERVAL 

NOTES 

1. MATERIAL 
DESCRIPTIONS AND 
INTERFACES ARE 
INTERPRETIVE AND 
ACTUAL CHANGES 
MAY BE GRADUAL. 

2. START CARD NO: 
R68284 

3. HOLE NO: P-1-06 

4. SITE ADDRESS: SR 107 
VIC MP4.7 

5. WELL ID NO: AKK-275 

6. GRAYS HARBOR 
COUNTY 

7. NE 1/4, SE 1/4, 
SECTION 23, T17, RB -
WWM 

8. DRILLER: MIKE 
HARVEY, LIC NO. 2599 

SUMMARY BORING LOG 
P-1-06 

JUN 2006 

PROJ 1744 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON 

FIG. 5 
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z 
Of-

~t:J >LL wz 
....1-
w 

~ tii MATERIAL DESCRIPTION 

!h~ 
a~ 

S_URFACE ELEVATION: 55.0 FT. 

Quick drilled piezometer. No sampling. 

44.0 11 1---------------------1 
Bottom of Boring: 11 FT 

SAMPLE 

PEN . 
NO. DATA 

.... 

HAMMER ASSEMBLY: NOT APPLICABLE SPT SAMPLER: NOT APPLICABLE 

DRILL ROD USED: NOT APPLICABLE BOREHOLE DIAM.: 4.5 INCH · 

DRILLER: WA DOT 
iLANDSLIDE DATE START: 1/25/2006 FINISH: 1/25/2006 TECHNOLOGY 

DRILLING TECHNIQUE: HWT Casing Advancer w251i s.w. Greenburg Roa<I, Suiu: 111 

l'ortlan.!, Orc1,1on 9722J 
Pho11c 50;,-452-1200 Fax Sll~-452-152!; 

GROUND PENETRATION TEST LEGEND 
WATER/ {BLOWS PER FOOT) ---------

INSTRUMENT 
INSTALLATION WATER CONTENT{%) 

:.c ·. 
i..:...:.: 

10 20 30 40 

5'1------1---~ 

10 

15 

20 

25 

.... 

30 

·• 

35 

·. 

40 

45 

50 

55 
.. 

60 

65 

70 

751----1----1 

An 

20 40 60 80 

RECOVERY/ROD(%) 

~ 2-INCHO.D. 
SPLIT SPOON 

I 3-INCHO.D. 
SPLIT SPOON 

[I] 3-INCH O.D. THIN 
WALL SAMPLER 

[II] 3-INCHO.D. 
PITCHER 
TUBE SAMPLER 

* NO SAMPLE 
RECOVERY 

12/5/2005 

~ GROUND WATER 
LEVEL AND 
DATE OBSERVED 

1 
- ," LIQUID LIMIT 

~WATER 
"- CONTENT 

PLASTIC LIMIT 

... STANDARD 
PENETRATION 
TEST (BLOWS/FT.) 

• WATER CONTENT 
IN PERCENT 

~ 
CORE RECOVERY 
IN PERCENT 

• RQD IN PERCENT 

J PT-1 PACKER TEST 
INTERVAL 

NOTES 

1. MATERIAL 
DESCRIPTIONS AND 
INTERFACES ARE 
INTERPRETIVE AND 
ACTUAL CHANGES 
MAY BE GRADUAL. 

2. START CARD NO: 
R68284 

3. HOLE NO: P-1A-06 

4. SITE ADDRESS: SR 107 
VICMP4.7 

5. WELL ID NO: AKK-283 

6. GRAYS HARBOR 
COUNTY 

7. NE 1/4, SE 1/4, 
SECTION 23, T17, RB -
WWM 

8. DRILLER: MIKE 
HARVEY, UC NO. 2599 

9. PIEZOMETER DRY ON 
1/26 AND 1/28/06 

SUMMARY BORING LOG 
P-1A-06 

JUN 2006 

PROJ 1744 

SR 107, MP4.7 LANDSLIDE 
MONTESANO, WASHINGTON FIG. 6 
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z 
01-
i= ttl 
~u.. 
wz 
...J­
w 

MATERIAL DESCRIPTION 

SURFACE ELEVATION: 44.0 FT. 

SOFT, light brown, slightly sandy, silty CLAY; 
scattered organics, relic rock texture, disturbed 
(DECOMPOSED SILTSTONE I SLIDE DEBRIS) 

... becomes brown-gray at approx. 6.5 feet 

... becomes gray at approx. 11 feet 

29.0 15 -------------------

RUN 
NO. 

VERY STIFF to HARD, gray, slightly sandy, silty 
CLAY; relic rock texture, locally distrubed, 
siltstone blocks boulder sized, coarse gravel 
sized sandstone fragments, fine sand sized 
mica, occasional shell fragments (HIGHLY R-1 
WEATHERED SILTSTONE I SLIDE DEBRIS) 

R-2 

R-3 

R-4 

SAMPLE 

PEN . 
NO. DATA 

S-2 

S-3 

S-4 

S-5 

S-6 

S-7 

11 
14 
15 

7 
13 
14 

8 
8 
14 

11 
15 
18 

5.0 39 --------------------+----1 S-8 

13 
11 
10 

-4.0 

STIFF, gray, slightly sandy silty CLAY; 
disturbed, coarse gravel sized sandstone 
inclusions, fine sand sized mica, scattered shell 
fragments. (HIGHLY WEATHERED 
SILTSTONE) 

48 -------------------
VERY SOFT (R1 ), ·gray, slightly weathered, 
SILTSTONE; moderately jointed, scattered shell 
fragments, occasional sandstone lenses 
(LINCOLN CREEK FORMATION) 

R-5 

R-6 

R-7 

R-8 

R-9 

R-10 

R-11 

-28.5 72%1------------------1-----, 
Bottom of Boring: 72.5 FT 

S-9 

S-10 

S-11 

S-12 

3 
6 
7 

12 
36 
38 

5 
15 
38 

32 
50/5" 

PENETRATION TEST LEGEND 
(BLOWS PER FOOT) ---------

GROUND 
WATER/ 

INSTRUMENT 
INSTALLATION WATER CONTENT(%) ~ 

10 20 30 40 ~ 
2-INCHO.D. 
SPLIT SPOON 

I 3-INCHO.D. 
SPLIT SPOON 

:~: 
[I] 

: :1 ffil . { 
101-1.---1-----1--< 

51-1---...I-----"-< 
• 51. 

3-INCH O.D. THIN 
WALL SAMPLER 

3-INCHO.O. 
PITCHER 
TUBE SAMPLER 

* NO SAMPLE 
RECOVERY 

12/5/2005 

~ GROUND WATER 
LEVEL AND 
DATE OBSERVED 

1 
- ," LIQUID LIMIT 

~WATER 
""---- CONTENT 

• 
~ 
II 
J PT-1 

PLASTIC LIMIT 

STANDARD 
PENETRATION 
TEST (BLOWS/FT.) . 

WATER CONTENT 
IN PERCENT 

CORE RECOVERY 
IN PERCENT 

RQD IN PERCENT 

PACKER TEST 
INTERVAL 

1. MATERIAL 
DESCRIPTIONS AND 
INTERFACES ARE 
INTERPRETIVE AND 
ACTUAL CHANGES 
MAY BE GRADUAL. 

2. START CARD NO: 
R68284 

3. HOLE NO: LT-7-06 

4. SITE ADDRESS: SR 107 
VICMP4.7 

5. WELL ID NO: AKK-284 

6. GRAYS HARBOR 
COUNTY 

7. NE 1/4, SE 1/4, 
SECTION 23, T17, RB -
WWM 

8. DRILLER: MIKE 
HARVEY, LIC NO. 2599 

HAMMER ASSEMBLY: AUTO TRIP 

DRILL ROD USED: AWJ 

SPT SAMPLER: NO LINER - RECESSED ID 

BOREHOLE DIAM.: 4.5 INCH 

20 40 60 80 
RECOVERY/ROD (%) 

DRILLER: WA DOT 

DATE START: 1/26/2006 FINISH: 1/27/2006 

DRILLING TECHNIQUE: HWT Casing 

Advancer/HQ3 Coring 

iLANDSLIDE 
TECHNOLOGY 

102~0 S.W. Greenburg R.oa,I. Suitt• 111 
l'm1Lln,I. Oregon 9722.1 
Phone 5')3-452-1200 Fax 5(tJ-45:?-132ll 

SUMMARY BORING LOG 
LT-7 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON 

JUN 2006 

PROJ 1744 

FIG. ] 
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SAMPLE z 
01-
~tll MATERIAL DESCRIPTION 

>"­wz 
....1-
w SURFACE ELEVATION: 44.0 FT. 

PEN . 
NO. DATA 

Quick drilled piezometer. No sampling. 

-2.0 46 1----------------''--------1 
Bottom of Boring: 46 FT 

HAMMER ASSEMBLY: NOT APPLICABLE SPT SAMPLER: NOT APPLICABLE 

DRILL ROD USED: NOT APPLICABLE BOREHOLE DIAM.: 4.5 INCH 

iLANDSLIDE 
TECtiNOLOGY 

DRILLER: WA DOT 

DATE START: 1/27/2006 FINISH: 1/28/2006 

DRILLING TECHNIQUE: HWT Casing Advancer 102,o s.w. Gr~enburg Road. sui,t· 111 
l'ortbnd. On·gon 9722~ 
Phone 51);\-452-1200 Fax 50:\-452-1528 

PENETRATION TEST LEGEND 
(BLOWS PER FOOT) ---------

GROUND 
WATER/ 

INSTRUMENT 
INSTALLATION WATER CONTENT(%) ~ 

10 20 30 40 ~ 
2-INCHO.D. 
SPLIT SPOON 

51----+----l 

101----+----l 

151---+----i 

201----+----l 

251---+----i 

301---+----i 

351---+----i 

401-----+-----I 

451----+----i 

501---+----i 

551----+----l 

601---+----i 

651-----+-----I 

70,___ ______ _. 

751-----+-----i 

an 

20 40 60 80 
RECOVERY/ROD (%) 

I 
m 
[II] 

3-INCHO.D. 
SPLIT SPOON 

3-INCH 0.0. THIN 
WALL SAMPLER 

3-INCHO.D. 
PITCHER 
TUBE SAMPLER 

* NO SAMPLE 
RECOVERY 

12/5/2005 

~ GROUND WATER 
LEVEL AND 
DATE OBSERVED 

1 - "' LIQUID LIMIT 

~WATER 
"- CONTENT 

PLASTIC LIMIT 

• · STANDARD 

• 
PENETRATION 
TEST (BLOWS/FT.) 

WATER CONTENT 
IN PERCENT 

CORE RECOVERY 
IN PERCENT 

RQD IN PERCENT 

J PT-1 PACKER TEST 
INTERVAL 

NOTES 

1. MATERIAL 
DESCRIPTIONS AND 
INTERFACES ARE 
INTERPRETIVE AND 
ACTUAL CHANGES 
MAY BE GRADUAL . 

2. START CARD NO: 
R68284 

3. HOLE NO: P-2A-06 

4. SITE ADDRESS: SR 107 
VICMP4.7 

5. WELL ID NO: AKK-276 

6. GRAYS HARBOR 
COUNTY 

7. NE 1/4, SE 1/4, 
SECTION 23, T17, RB -
WWM 

8. DRILLER: MIKE 
HARVEY, LIC NO. 2599 

SUMMARY BORING LOG 
P-3-06 

JUN 2006 

PROJ 1744 

SR 107, MP 4.7 LANDSLIDE 
MONTESANO, WASHINGTON FIG. 8 
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....... 
~ Washington State ~, I Department of Transportation 

Job No XL-2425 SR 

Project SR 107 M.P. 4.7 Landslide 

Site Address SR-107 Vic. MP 4.7 

LOG OF TEST BORING 

107 EleVatlon ~ft .... ( '""m""") ___ _ 

start Card R-68311 

HOLE No. H-1-06 

Sheet_1_ of _3_ 

Driller Vince Johnson 

Inspector Bill Hanning 

Uc# 2532 

Start January 4, 2006 Completion January 4, 2006 Well lD#--'A-"-K"""K.c....-3;;..8 __ 1 _____ Equipment CME 850 w/ autohammer 

s~~"------- orrset ______ Caslng--'5~"----~--- Method Wet Rotary 

Northing ______ _ Easting ___ ....._ ____ Latitude ________ _ Longitude ________ _ 

··,--_ _;:..CoulltY=::~G=ra=y~s~H=a=rn=o=r====~SU:::bsect::l:on::::S=E/~NW====;::::::;:::::::=::;::::::::::::::;:=:==-~Sectl::::on:.:...==2=3::::::.......:Ra~nge~=a=WWM==:::::::::.~Towns::::.:=h~lp~1~7=N:::;.._--, 

: g I t = .=.. HI ~ ! ~of- I 1 I D. B1o¥Nft (N) ~ i ~ s 
·1----1----1---11--__:.;.10=--~20;,:_..-.:.30=---4~0---1----1---1---4---1------------~--------1-~ 

• • •• • • • •• • • • • • • • • 
= z:: • •• IQ • • C • c 
ti 
ti .. 
fl 
• • 

5 

2 

10 3 

4 

15 

5 

6 

1 
I 
I 
1 
j 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 I 
I ·1 
I I 
I I 
I I 
I I 
I. I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2 
.2 

(4) 

3 
3 
4 

(7) 

3 
5 
6 

(11) 

3 
10 

D-1 . 

D-2 

~ 

SILT, with sand, some gravel and sand stQne., very 
loose, yellowish brown, moist, Blocky,Disrupted; no HCI 
reaction 
Length Recovered 0.5 ft, Length Retained 0.5 fl 

SILT, wfth trace sand and sandstone fragments, loose, 
dark gray, moist, Blocky,Dlsrupfed, no HCI reaction 
Length Recovered 1.0 ft, Length Retained 1.0 ft 

Elastic SILT, stiff, dark gray, moist, Disrupted, no HCI 
reaction 
Length Recovered 1.0 ft, Length Retained 1.0 ft 

SILT, with shell fragments, dense, very dark gray, moist, 
Stratified.Disrupted, strong HCI reaction, Note rock 
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~ Washington State . "''I Department of Transportation 

.k>b No XL-2425 SR 

Project SR 107 M P 4 7 Landslide .. 

g g Standard 
! '8. I Penetration e 

a, 0.. B!ows.lft 
C m-

~ 

10 20 30 
I I 

I I 
I I 
I I 
I I 
I I 
1 r 
I 

-7 I 
I 

25- ~I 

--a. 

I 
I I 
I I 

. I, I 
I I 

-9 I 

30-

I 
-10 I 

I 
I 
I 
I 

1 
I 

35- 1 · 
I 
r 

-11 I 
I 
I 
I 
I 
I 
I 
I 
I 

-12 I 
4D- I. I 

I I 
I. I 
I I 
I r 
I I 
l I 
I I 

-13 I I 
I I I 
I I I 
I I I 
l I I 
I r I 

45 I I I 

107 

SPT 
Blows/6" 

(N) 

40 
I 15 I (25) I 

RQD I 
12 I 
'FF I 

I 20 
.1 
I 
I 
I 
I 
I 

7 
4 
15 

(19) 
RQO 
80 
FF 
2 

I 
I 
I RQD 
I 92 
I FF 
I 1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I >>i~ 14 
f 26 
I 45 
I 
r 

(71) 
RQD 

I 98 
I 
I 

FF 
.2 I 

I 
I 
I 
I 
l 

RQD 
90 
FF 
.5 

I 

LOG OF TEST BORING 
Start Card R-68317 

HOLE No. H-1-06 
Elevation .....:.:ft'-'(-"m""')'-------

Sheet _2_ of _3_ 

Ortner Vince Johnson 

m a. d ~ 
~ z d 

GI z .c § Description or Ma1ertar t t .Pl !l 
E ~ c'8 en 

.. contact at 19.5. Top 0.5 dirupted, remainder of sample is 
SILTSTONE. C-5 i 

Length Recovered 1.5 ft, Length Retained 1.5 ft 
SILTSTONE, very dark gray, fine grained, moderately 
weathered, very weak rock, no HCI reaction. 
Discontlnuitl~s are very closely spaced and in poor 
condition, Material looks disrupted., Percent Recovered 
72.0% 

SILT, with some shell .fragments, medium dense, very D-6 
~ark gray, moist, Homogeneous, no HCI reaction 
Length Recovered 1.0 ft, Length Retained 1.0 ft 

.C-7 SILTSTONE, very dark.gll!ly, fine grained, slightly 
weathered, very weak rock, no HCI reaction. 
Discontinuities are closely spaced and In good cc,,nditlon, 
Percent Recovered 100.0% 

~ 

SIL TSfONE, very dark gray, fine grained, fresh, very C-8 
weak rock, no HCI reaction. Discontinuities are closely 
spaced and in fair condition, Note to fractures wash~d 
clean. Picture taken., Percent Recovered 100.0% 

D-9 SIL TSTONI:, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities are closely 
spaced and in good condition 
Length Recovered 1.0 ft, Len9th Retained 1.0 ft 

C-10 SIL TSTONI:, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities are closely 
spaced and in execellent condition, Percent Recovered 
100.0% 

- C-11 SILTSTONE, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities are closely 
spaced and in execellent condition, Percent Recovered 
100.0% 

~ 

lie# 2532 

.. 
i I "2 I :::, 
e 
t!l 

.. -·.· . .. - .. ··= . .. . ~.· . . . . .... . .. - .. . = •:• .. . . . -· . . -- . .. -·.· . .. =·.· . . . .... .. .... -.•., 
TT I - Y I I I 
TYT 

Y I I I 
TT I 

Y I I I 
T l J 

I I I I 
TYI 

f-- Y I I I 
Tll 

"I I I 1 
I l l 

"I I I I 
T 1 I 

IT I l 
I I I 

TT I 
I I I 

TT I 
I I I 

TT I I 
I I I 

YT I l 
I I I 

TI I - I I T 
TT I l - I I I 
TI t· Y 

I Y l 
I YI l 
ITT 

I I I I 
T T I 

I I I I 
I l I 

TI I Y 
r T Y 

- I I I I 
TI 1 

I I I I 
I "I I 

I I ·I I 
I T I 

YT I 1 
T y I 

f-- TY l l 
I I l 

I l I I 
I I I 

y T l. l 
I I I 

1 I I 1 
YYT 

y y T "I 
IYY 

TI I I 
I I I 

l YI I 
T T I · 

TT Tl 
I I I 

T Y I T - I l I 
l I I I 

I I I - I Y I T 
TYT 

I I l I 
YYT 

'I Y l I 
Y I 1 

TT I I 
I I I 

TTIT 
I I I 
1III 

I I I 
r 1 1. r 

I Y I 
TT l. I 

I I I 
1 r r 1 

T I I 
TT l. I 
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..... . :,= Washington State 
,,.,, Department ~fTransportation 

Job No XL-2425 SR 107 

Project SR 107 M P 4 7 Landslide .. 

s Standard g .!!! 
:5 j IC Penetration 
a. e 
CD D. Slowsllt 
C ::s ! 

10 20 so 40 
I I I 

I I I I 
I I I I -14 I I I I 
I I I I 
I I I I 
I I I l 
I I I I 
I I I I 
I · 1 I I 
I I I I 
I I I I 

'-15 l I I I 
l I I I 

50- I I I I 
l I 
I I 
I I 
l I 
I I 
I I 

-16 I I 
I I 
I I 
I l 

... I I 
I I 

55-
I I 
I I I 
I I I 

-17 I I I I 
I I 
I l 
I I 
I I 
I I 
I I 
I 'l 
I I 

-18 l I 
I I 

60-
I I 

I I I 
I r l 
I l 
I l 
I I 

I 
-19 I 

I 
I 
I 
l 
I I 
l l 

65- l 1 
I I 

-20 I I 
l l I 

I l I I 
I I I I 
I I I I 
I I I I 
r r 1 I 
I I r I 
I I I I 

-21 I r I I 
I I I I 
I I I I 

70 
I 1 I I 

SPT 
Blows/6" 

(N) 

34 ~· 
(50) 
RQD 
100 
FF 
,5 

LOG OF TEST BORING 
Start card . R-6B317 

HOLE No. H-1-06 
Elevation -=ft_..( ~m"'"") ___ _ 

Sheet _L ot _3_ 

Driller Vince Johnson 

l d .... 
F- z d ... 
a, . ..!!! ~ s ! De&crtpllon of Material 
i:i. r .a 

i i! I:. 

1 0.12 SILTSTONE, very dark gray, fine grained, fresh"; very 
weak rock, no HGI reaction. Discontinuities are closely. 

C-13 spaced and in execellent condition 
Length Recovered 0.5 ft, Length Retained 0.5 ft 
SILTSTONE, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. · Discontinuities are closely 
spaced and In execellent condition, Percent Recovered 
100.0% 

.. 

End of test hole boring at 50 ft below ground elevation. 
This Is a summalY- Log of Test Boring. Soll/Rock 
descriptions are derived from visual field identifications 
and laboratory test data • 

Bailed. Water reac;ling before bail was 10.51t; Reading 
after bail was 48.8ft. Reading after 5 Minutes at 42.9ft. 10 
Min. 34.6ft. Reading In plexometer after install was 5.0ft. 
~iD need to baH instrum~nt. 

' 

. 

Uc# 2532 

... ... .l!l 

i J C 
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....... . 
~ Washington State 
.,,,, Department of Transportation 

Job No XL-2425 SR 

Project SR 107 M.P. 4.7 Landslid~ . 

Site Address SR-107 MP 4.7 

LOG OF TEST BORING 

107 Elevation _..:.:.ft_._( '""m""") ___ _ 

Startcard R-68317 

HOLE No. H-2-06 

Sheet _1_ of _3·_ 

Dr1Uer Vince Johnson 

Jnspec!or Bill Hanning 

·Lie# 2532 

· start January 11, 2006 CIJn1lletlon January 11, 2006 Well lO#.-...;.AKK---'-_-3 __ 8=2 _____ Equipment CME 850 w/ autohammer 

Station ______ _ Method Vl(et Rotary 

Northing ______ _ EasUng ______ Latltude ________ _ l.onilllude ___ ,....;.... ____ _ 

e.--_...;:.co:u:nty~G==ra=ys~H=a=ro=o=r====~S:u:bsecll::::::on.:.=:S=E/~NW====::;:::;:===::====::;::====___:sectlon:=:::.:==2=3==:.....'.Ra~nge:.:=B=WWM:::::::::::::::::::==.~Townsll::::~'P=l~Z=N=...----, 

e e: E stanc1artt 

• i I! I Pe:on 
21 . I 

SPT 
Blclw,II&" 

(N) 

Desalptlon of Maletlal 

• W 20 ~ ~ 
.1------t~-+~-t--T,--r---.-~_~l.---t---+--+-~1---f------~----~--~-t--

• I I 
• l l . : : 

I I 
• I I 

I I 
• ·1 I 

I 
• 5 I 

I 

• l 
• 2 I . : 
• • • • -91 
~ • C 

~ .., 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

10 3 

4 

15 

5 

6 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.I 
I 
I­
r 

>> 

3 
3 
3 

(6) 

15 · 
23 
30 

(53) 
RQD 
100 
· FF 

.2 

11 
19 
XT 

(46) 
RQD 
100 
FF 
0 

1)..1 

D-2 

Elastic SILT, with trace sane;! and fine gravel, soft, dark 
gray, moist, Blocky,Homogeneous, no HCI reaction 
Length Recovered 0.8 ft, Length Retained 0.8 ft 

· SILT, with trace sand and shell fragments, very dense, 
dark grayish brown, moist, Laminated, no HCI reaction 
Length Recovered 1.5 ft, Length Retained 1.5 ft 

SILTSTONE, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction.. Discontinuities are closely 
spaced and in execellent condition, Percent Recovered 
100.0% 

SILTSTONE, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities are closely 
sp~ced and In execellent condition 
Length Recovered 1.5 ft, Length Retained 1.5 ft 
SILTSTONE, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities ar.e closely 
spaced and In execellent condition, Percent Recovered 
100.0% 
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I 

~.~~.· m 
·.• .. ·. ·=· 

m :== 
•'• 

!II .. .. .. . .. 

• • 
ill 111 20-. .L..---'----'--...L.--.,__---l'---'---'---..._.__....J_ __ L_ ___ __, _____________ --1...___i,L..!L...JL.i 
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C 
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........ :,= Washington State 
.,,,.,, Department of Transportation 

Project SR 107 M P 4 7 Landslide 

g s Standard 
~ :g_ I!! Penetration e I Blows/ft .. D. 

Q ~ 

10 . 20 30 
I I I 

I I 
I I 
I I 
I I 
I I 
I r 
I I 

-7 I 
I 
I 

- I 
I 

l I 
25- I I 

I I 
I . 
I -a 
I 
I 
I 
r 

. I 
1 
I 
I 

-9 I 
I 

30- I I 
I I 
I I 
I · 1 
I I 
I I -1 
I I 

-10 I I 
- I I 

I I 
I. I 
I I 
I I 

36-
I I 
I I 
I ·1 

·-11 I I 
I I 
I I . I I 

I 
I . . I 
I 
I 
I 

-12 I I 
I I 40--: I I 
I I 
[ I 
I I 
I [ 

I I 
I I 

-13 I I . I I 
I I I 
I I r 
1- I I 
I I I 

45 
I I I 

107 

SPT 
Blows/8" 

(N) 

40 
I RQD I 100 I FF I 

.2 I 
I 
I 
I 

>>~~ 
18 
28 
44 

(72) 
RQD 
100 
FF 
.2 

I 
I RQD 
I 100 
I FF 
I .6 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I>>~~ 19 
I 32 

50/4" 
(82) 
RQD 
100 
FF 
0 

RQD 
100 
FF 
• 2 

I 
I 
I 
I --. 

LOG OFTEST BORING 
start Card R-68317 

HOLE No. H-2-06 

! 
~ 
-! 
I 

,-. 

-

Elevation ---.:.:ftc..1.(..:.:m"-) ___ _ 
Sheet _2_ of _3_ 

Driller Vince Johnson 

~d 
.I!! ID z ~ ~ DescrlpUon of Material }.,.! ... 

~- E. 

. C-6 SILTSTONE, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities are closely 
spaced and In execellent condition, Percent Recovered 
100.0% ' · 

D-7 SIi:. TSTONE, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities .are closely 
spaced and in execellent condition 
Length Recovered 1.0 ft, Lengt'1 Retained 1.0 ft 

C-8 SIL T.~TONE, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities are closely 
spaced and In execellent condition, Percent. Recovered 
100.0% 

C-9 SILTSTONE, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities are closely 
spaced and in execellent condition, Percent Recovered 
100.0% 

D-10 SILTSTONE, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities are closely 
spaced and in execellent condition 
Length Recovered 1.4 ft; Length Retained 1.4 ft 

C-11 SILTSTONE, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities are closely 
spaced and in execellent condition, Percent Recovered 
100.0% 

c..12· . SILTSTONE, very dark gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities are closely 
spaced and In execellent condition, Percent Recovered 
100.0% 

Lie# 2532 

I c 
al 

"O ·e 
C i ::, 
e .5 (!I 

. . .. . . .. . . . . .. . . . . . . . . . .. .. . . 
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• ...... • v Washington State · LOG OF TEST BORING r, Department of Transportation Start Card R-68317 

• HOLENo. H-2-06 

• JobNo XL-2425. SR 107 Elevation. ft~ m} 
Sheet _3_ of _3_ 

• Project SR 107 M.P. 4.7 Landslide Dr1Der Vince Johnson Uc# 2532 

• I'!. 0 -=- .s i g E standard .SPT • al ~z~ ! I 
e ii;! Penetration ~ 1 e Blows/6" .!!! -! 11 Desaiptlon of Material "C 

I .!I 
C 

BloYlslft a. E F- ::, 

• GI a. (N) E ca E: e 
:!: cZ (I) C, 

.E 

10 20 30 ,io • --, T I I 20 ~ ~13 
SILTSTONE, very dark gray, fine grained, fresh, very . ::: 1-- ••• 

I 
........ ....... 

I 32 weak rock, no HCI reaction. Discontinuities are closely· .. I:: . . • . - :•: .. 
-14 50 spaced and in execellent condHlon . 

I 
,..._ .. . ,_ . 

(82) Length Recovered 1.5 ft, Length Retained 1.5 ft .. 
E ~:; • I 
. . . 

I RQD C-14 SILTSTONE, very dark gray, fine grained, fresh, very ::: 
100 weak rock, no HCI reaction. Discontinuities are closely 

..... 

• I .•. .... ::: 
I FF spa~ and in execellent condition, Percent Recovered 

. I:: .... ,_ .•. .. ,_ 

• I .2 100.0% . t: . . . . . 
I 

. ,..._ . 
::: ,..._ .. . 

I 
t: .. . 

• . . ,..._ . . 
I 

. ...... . .. . . 
-15 

. t: . 
I. . - .. . . 

:=: 
...... . 

• . . 
I E: . . 

50-
,..._ . . 

• I I I I 

I I 

• I I ' I I End of test hole boring at 50 ft below ground elevation. 

• I I This is a summary Log of Test Boring. SoiVRock 
I· I descriptions are derived from Visual field identifications 
I I and laboratory te~ data • • o-15 I I ' -
I I • I I Balled to 48.2 ft. Recarged to 9.2 feet in 30 minutes . 
I I . Bailed again before installln9 piezo. 

• I J 
. 

I I 

• I 1 .. 
55- I I 

,..._ 

• I . I 
....17 I I -
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• I 
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• I 
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• I 
I I 

-18 I -• I 

• 60- I -I 
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' I I 

~ 
I 
I 

... I • .... 19 I -
,: I 

es I 
l I -~ I 
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..... . 
~ Washington State 
..,,, Department ofTransportatlon 

Job No XL-2425 SR 

Project SR 107 M.P. 4. 7 Landslide 

Site Address SR-107 M.P. 4.7 

LOG OF TEST BORING 

107 Elevation --.:.:ft_._( .:.:.m,.._) ___ _ 

Start card R-68317 

HOLE No. H-3-06 

Sheet _1_ or _·_6_ 

Orlller Vince Johnson 

Inspector BIii Hanning 

Uc# 2532 

start January 5, 2006 Completion January 9, 2006 Well lD#___;A..:.:K..:.:K.;..~;;.;;8;..;:;3_· ----- Equipment CME 850 w/ autohammer 

stallon ______ _ orrse1 ______ cas1ng-.3;;;.:•.:;;..s• ______ _ Method Wet Rotary 

Northing ______ _ Eastlng. ______ LaUtude ________ _ Longitude ____ ...;..... ___ _ 

•.....--~·:Cou:::_:nty::.:;G=r=a=ys~·H=a=ro=o=r====~S:u:bsectl:::°".'.=:S=E/N:;:::W::::::::=:;:::::;::::::=:;::::::::::::;:==:=--~Sectl~:on'.:..::=2=3::::=::...'..Ra~nge:.::=B=WWM:::::::::::::::::::::;:.~:ownsh::::::.'.:'P=1~7=N:;.. _ __, 

• g g ',!l 

• 1· i ~ 
Standard 

Penetration 
Blows/ff 

DescripUon of Material 

• o . :a 10 20 30 40· 
.• 1----t~--+~+--,-......-',,lr--~l~,:----1-~-+--+-----,l--~l--~_;_~~~~~~~~~~--t---J 

• l l 
• . I l 
• l 

I 
• I 

I 
• I 

I 
• 1. 

5 I 

• l 
• 2 l 
• l 
• I I 

I. 
• I 

• l 
• 10 3 l 

I 
I 

4 

5 

0 
2 
1 

(3) 

. 1 

1 
2 

(3) 

3 
3 
3 

(6) 

D-1 

D-2 

D-3 

I 

SILT, With some fine sand trace oganics, very loose, 
olive brown, wet, Blocky,Disrupted, no HCI r.eaction, Iron 
stains throughout. 100% Drill fluid loss starting at 2.0ft. 
Length Recovered 0.6 ft, Length Retained 0.6 ft 

SILT, with some fine sand, organics and sandstone 
fragments., very loose, dark grayish brown, wet, 
Blocky,Dlsrupted,·no HCI reaction 
Length Recovered 0.9 ft, Length Retained 0.9 ft 

SILT, with some fat clay, fine ~and and sand stone 
fragments, loose, grayish brown, moist, Blocky,Dlsrupted, 
strong HCI reaction, Some Iron staining. 
Length Recovered 1.2 ft, Length Retained 1.2 ft 

SILT, with trace organics, very loose, yellowish 
browm/grayish brown, moist, Di'srupted, no HCI reaction, 



......... 
• ~ Washington State LOG OF TEST BORING 

..,,,, Department ofTransportatlon Start Card R-68317 

• HOLE No. H-3-06 
• Job·No XL-2425 

Sheet .,.._L of _. _6_ 
SR 107 EleVatlon ----'"""ft_._( '""m""") ----

• Project SR 107 M.P. 4.7 Landslide Drlller Vince Johnson Uc# 2532 
• ...-~.:.::::!=:.:::;:=::::::::::;:::::::::::::::=::::=::::::::==:=====:;===:=:;::a.•=;==.=::;====::;:====:;::::==;::_~~~~~:::::::::::=========-..:::;:::~===:..., 

a J§: Standard O d .si 1: 

• 
._. _ m SPT ?;: z z .I! .f ~ 
.c I!! ~ Penetration Blo\ys{6" .9! ,! a, ~ ~ Desalption of Material ~ 

• ! i o. BklM/ft (~ Jii ~ i 
• 30 40 

• • • • • • • • • • • • • • • • • • • • 
' -• ~ 
~ 

"' • ~ 
"' ~ 

e'i. 
:E • Cl'. ."' 
~ .~ 
::! 

25 . 

30 

35 

40 

7 

8 

9 

10 

11 

12 

. 13 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

· I 
I 
I 

2 
(3) 

e 
9 
15 

(24) 
RQD 
36 
FF 
20 

RQD 
40 
FF 
20 

3 
8 
15 
(~) 
R(lD 
70 
FF 
1 

RQD 
95 
FF 
2 

D-5 

C-7 

D-8 

C-9 

C.10 

25% MotUed. Iron staining throughout. 
Length Recovered 0.8 ft, Length Retained 0.8 ft 

SILT, With SILTSTONE fragments, medium dense, 
yellowish browntvery dark gray, moist, 
Stratified,Blocky,Dlsrupted, no HCI reaction, NoJe drlll 
behavior change, indicating soil change at 21,0ft. Note 
bottom 0.5ft of sample to be SILTSTONE. 
Length Recovered 1.5 ft, Length Retained 1.5 ft 
SILTSTONE, very dark gray, fine grained, highly 
weathered, very weak rock, no HCI teaction. 
Discontinuities are very closely spaced and in poor 
conditlon,·Note silty iron stained fractures., Percent 
~ecovered 85.0% 

. 
SILTSTONE, very dark gray, fine grained, moderately 
weathered, very weak rock, no HCI reaction. 
Discontinuities are very closely spaced and in poor· 
condition, Note Iron stained fractures., Percent 
Recovered 100.0% 

SILT, medium dense, very dark gray, moist, 
l-lomogeneo~s. no Hc1· reaction 
l,.ength Recovered 1.0 ft, Length Retained 1.0 ft 

SILTSTONE, very d~rk gray, fine grained, fresh, very 
weak rock, no HCI reaction. Discontinuities are closely 
spaced and In fair c;ondltlon, Note all fractures to be In the 
top 0.9ft of sample., Percent Recovered 100.0% 

SILTSTONE, very dark gray, fine grained, slightly 
~athered, very weak rock, no HCI reaction. 
Discontinuities are closely spaced and in good conditiQn, 
Percent Recovered 100.0% · 

.~ 45..J----.L---...._ __ _._ __ .._____,.__ ........ __ __._ _______ _._ __ _.,_ ____ __._ ___________________________________ __._ __ J>,ZJL....J>..%J 

• • 



• ~ • ;Ji Washington State LOG OF TESr BORING 'I Department of Transportation Start Card R-6831Z 

• HOLE No. H-3-06 

• Job No XL-2425 SR 107 Elevation ft { m} 
Sheet _3_ of _6_ 

• Project SR 107 M.P. 4.7 Landslide Driller y;nce Johnson Lie;# 2532 

• s Standard 8. d ~ .si i • g 
~ 

SPT r: Z 0 .e I I 
Penetration CD z .a ·OescrlpUon of Material i e Blows/6" .!!! 

~-~ ~ ~- i ·Blows/fl a. ::, • CD Q. (N) ~ e C &; t:. .5 
Cl) (!) 

10 20 30 40 • • 14 
11 D-11 SILT, dense, very dalk gray, moist, Homogeneous, no 
16 HCI reaction 

• 22 Length Recovered 1.5 ft, Length Retained 1.5 ft 
(36) 

• RQD C-12 SILTSTONE, very dalk gray, fine grained, moderately 
26 weathered, very weak rock, no HCI reaction. 

• FF Discontinuities are very closely sp13ced and In poor 
20 condition, Percent Recovered 85.0% 

• 15 • 50 • RQD C-13 SILTSTONE, very dark gray, fine grained, highly. • 38 weathered, very weak rock, no HCI reaction. 
FF Discontinuities are very closely spaced and In poor • 20 condition, Percent Recovered 100.0% 

• 18 

• • • 55 

• 17 I 
>>, 14 D-14 SILTSTONE, very dark gray, fine grained, fresh, very 

• I 23 weak rock, no HCI reaction. Discontinuities are closely 
I 33 spaced and in good condition 

• I (56) !-ength Recovered 1 '.5 ft, Length Retained 1.5 ft . 
I RQD C-15 · SILTSTONE, very dark gray, fine grained, fresh, very 

• I 83 weak rock, no HCI reaction. Discontinuities are closely 
I- FF spaced and in fair condition, Percent Recovered 100.0% 

• I I .5 
I . I 

18 I I •• I I 

• 60 
I r 
I 

• RQD C-16 SILTSTONE, very dark gray, fine grained, fresh, very 
88 weak rock, no HCI reaction. Discontinuities are closely • FF spaced and in good condition, Percent Recovered 
.6 100.0% 

a, • 19 
z: 

ti 
ti I rn • I 

65 I 

.ti I 
2(J I Xl 1)..17 SILTSTONE, very dark gray, fine grained, fresh, very D I • I 

s~· weak rock, no HCI reaction. Discontinuities are closely 

c I (50) 
C-18 

spaced and In goo·d condition · 

I I RQD Length Recover~d 0.9 ft, Length Retained 0.9 ft 
l I ffl SILTSTONE, very dark gray, fine grained, fresh, very 

~ I I FF weak rock, no HCI reaction. Discontinuities are closely 
I l . 5 spaced and in good condition, Percent Recovered . • I I 100.0% 

~ 
21 I I, 

I I 
I I • 70 

• • 



• ........ • ;Ji Washington State LOG OF TEST BORING 
~ r, Department of Transpo~atior.i Start Gard R::§8317 

• HOLE No. H-3-06 

• Job No XL-2425 SR 107 Elevation ft ( m} 
Sheet _4_ or _a_ 

• Project SR 107 M.P. 4.7 Landslide Driller Vince Johnson lie# 2532 

• 8. d ":'" .! i: 
·€ s Standard • £! SPT ~ Z 0 

i I CD 

t I! Penelrallon Blows/6" 
a, z .0 Descrlpllon of Material ~ 

E 
e .!! 15. a, !] s • 2l • I· a. Blowslfl (N) e- E .g ~ .5 

== 
r'1 r2I I::. (!) 

• 10 20 30. 40 

I • I RQD C-19 SILTSTONE, very dark gray, fine grained, fresh, very 
,1 BS weak "rock, no· HCI reaction. Discontinuities are closely 

• I FF spaced and In good condition, Percent Recovered 
2 100.0% 

• 22 

• • • I 

• 75 I 
23 I >> SILTSTONE, very dark gray, fine grained, fresh, very I .. 21 [).20 •• I 28 weak rock, no HCI reaction. DisconUnultles are clpsely 

I 48 spaced and In good condition • I (78) Length Recovered 1.5 ft, Length Retained 1.5 ft 
I RQD C-21 SILTSTONE, very dark gray, fine grained, fresh, very • I 100 weak rock, no HCI reaction. Discontinuities are closely 
J. I . FF spaced and In execellentcondition, Percent Recovered • I I, 0 100.0% 

24 I 1·· 

• I I 
I I • I I 

80 I I • I I RQD C-22 SILTSTONE, very dark gray, fine grained, f(esh, very . I I I 

• I I I 90 weak rock, no HCI reaction. Discontinuities are closely 
I I I FF spaced and in good condition, Percent Recovered 

• 25 I I I . 8 100.0% . 
I I I 

• I I I 
I I I 

•• I I I 
I I I 

•• I I I 
I I I 

I I •• 86 I I 2B 

~ 
I I>> 10 0-23 SILTSTONE, very dark gray, fine grained, fresh, very 1 I 
I 34 weak rock, no HCI reaction. Discontinuities are closely •• I 50/4" spaced and In good condition 

,io 
(84) C-24 Length Recovered 1.3 l't, Length Retained .1.3 ft 

• RQD SILTSTONE, very dark gray, fine grained, fresh, very .. 100 we;ik rock, no HCI reaction. Discontinuities are closely 

~ FF· spaced and in good condition, Percent Recovered 
.5 100.0% 

~ 
'ZT 

u, .iij 
90 .~ 

fl) RQD C-25 SILTSTONE, very dark gray, fine grained, slightly -~ 92 weathered, very weak rock, no HCI reaction. .. FF • Discontinuities are closely spaced and In good condition, e: 28 1.2 Percent Recovered 100.0% 
• ::E -~ ' a: I 

··::: I I,! r .~ I 
..J I .~ ~5 

•• • 



• ~-• u Washington State LOG OF TE:ST BORING r, Department of Transportation Start Card R-68317 

• . HOLENo. H-3-06 

• Job No XL-2425 SR 107 SevaUon ft'{m} 
Sheet _5_ of _6_ 

• Project SR 107 M.P. 4.7 Landslide Driler Vince Johnson llc# 2532 

• GI s c g s standard SPT 
a. d '":' • .9! ~ Z 0 ; I a, 

:g_ I!! I Penetration Blaws/6" 
a, z .0 Description~ Material 

E 

.!I 
GI - 11 !I ~ 

C ii Blows/ft l It. ::, 

• GI GI (N) [§. C ~ 
.E 

"' II) 

• 10 20 30 40 

29 
l • I 35 D-26 SILTSTONE, very dark gray, fine grained, fresh, very 
I -50/5" weak rock, no HCI reaction. Discontinuities are closely 

• I (50) ~27 spaced and In good condition 
I RQD · Length Recovered 0.9 ft, Length Retained 0.9 ft 

• I 97 SILTSTONE, very dalk gray, fine grained, fresh, very 
I FF weak rock, no HCI reaction. Discontinuities are closely 

• I .2 spaced and in fair condition, Percent Recovered 100.0% 
30 

I 

• I 
I 

• I 
I 

• 100 I 
I 

SILTSTONE, very dark gray, fine grained, fresh, very I RQD ~26 • 1' BB weak ro~. no HCI reaction. Discontinuities are closely 
I FF spaced and in fair condition, P~rcent Recovered 10~.0% • 31 I 2 
I • I 
I • • • 105 32 

• 26 D-29 SILTSTONE, very dark gray, fine grained,.fresh, very · 

• 50/6" weak rock, no HCJ reaction. Discontinuities are closely 
(50) spaced and In good condition 
RQD C-30 l,.ength Rec.overed 0.8 ft, Length Retained 0.8 ft • 85 SIL TSTc;>NE, very dark gray, fine grained, f(esh, very 

• FF weak 1'9ck, no HCI reaction. Discontinuities are closely 
.5 Spii!ced and in good condition, Percent Recovered 

• 33 100.0% 

•• • 110 
I.. 

~ 
RQD C-31 SILTSTONE, very dark gray, fine grained, fresh, very 

72 weak rock, no HCI reaction. Discontinuities are closely 

~-
34 FF spaced ·and in good condition, Percent Recovered 

1.5 100.0% • 
~ 

11,l • 115 35 

413 11,l RQD ~32 SILTSTONE, very dark gray, fine grained, fresh, very 

~ 91 weak rock, no HCI reaction. Discontinuities are closely 

• FF spaced and in good condition, Percent Recovered 
1.6 100.0% 

::ii .. 
P: 36 

t6 
e1 

..! • 120 

• • 



• ....... • v Washington State LOG OF TEST BORING 
,., Department of Transportation Start Card R-68312 

• HOLENo. H-3-06 

• Job No· XL-2425 SR 107 Elevation ft'( m) 
Sheet _6_ of _6_ 

• Project SR 107 M.P. 4.7 Landslide Driller Vince Johnson Lie# 2532 

• Standard ! d ...,. I c 

• g s 
t 

SPT ~ Z 0 
.D J!I 

a, 

. Penetration a, z E 
:5 ~ Blows/&" !. 0. a, 3.~ ~pUon of Material 

.., 
i C 

C. .l!l Blows/ft Jl :, 

• 2l a, D- (N) E e 
:E al CJ .E 

UJ 

• 10 20 30 40 

. I 

• I 35. D-33 SILTSTONE, very dark gray, fine grained, fresh, very 
I 50/6'' weak rock, no HCI reaction. Discontinuities are closely 

• 37 J (50) spaced and In good condJtlon 
I RQD C-34 Length Recovered 1.0 ft, Length Retained 1.0 ft 

• I 97 SILTSTONE, very dark gray, fine grained, fresh, very 
I FF weak rock, no HCI reaction, Discontinuities are closely 

• I .6 spaced and in good condition, Percent Recovered 
I 100.0% 

• I 
I 

• I 
38 I 

125 I • I 
SILTSTONE, very dark gray, fine grained, fresh, very I RQD C-35 • I 73 weak rock, no HCI reaction. Discontinuities are closely 

FF spaced and In good_ condition, Percent Recovered • 2 1.00.0% 

• 3EI • • • 130 

• RQD C-36 SILTSTONI;:, very dark·gray, fine grained, fresh, very 

• El5 weak rock, no HCI reaction. Discontinuities are closely 
FF spaced and In good condition, Percent Recovered 

• .6 100.0% 

• • I 
I 

• I 
41 ·1 

135 
I • I .< I I 

I I End _of test hole boring at 135.5 ft below ground elevation. 

•i I I This Is a s1.1mmary Log of Test Boring. SoiURQck 
Iii I I descriptions are derived from visual field identifications 

•i I I and laboratory test data. 
z;: 42 I . I ·~ I I 

I I -~ I I 
IQ I .ffi I 

140 I 

.3 I 

"" 
I -~ 43 I 
I ,... ·I . ._: 

!i I 
I es. I 

a: I e"" ~ I 
'l' I -~ 44 

I 
::! I .53 145 

• • 
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~ Washington State 
"'' Department of Transportation 

LOG OFTEST BORING 

. Job No XL-2425 SR _1'--"0-'--7- Elevation ___::.ft.,_( :.;.:m,_) ---

Project" SR 107 M.P. 4.7 Landslide 

SIie.Address SR-107 Vic. MP 4.7 

S1art January 10, 2006 Completlon January 1 D, 2006 WeDID# AKK-384 

Station Offset casing 5• 

Northing Easting LalitUde 

Start Card R::68317 

HOLE No. H-3A-06 

sf'ieet_1_ of _4_ 

DriRer Vince Johnson 

~ BillHanning 

Lie# 2532 

Equipment CME 850 w/ a!1lohammer 

Method Wet Rotary 

longitude ________ _ 

~,--_;..:::.::~::::::::::::;::=:::::::::::=::=:....:::=::::::::::::::;::::::::::::::;;=:;:=:::;;::::::::=:::;:::::;::=:::.....:Sectl:::::=~'.:..==2=3==:_::Rang~e=-=8=WWM:::::::::::::::::::==~Town::::.:~:::::ip=1;7=N:::;._~--, County Grays Harbor Subsection SE/NW 

• • • • • • • • • • • • • • • • • & < 

-1 • :i:: 

~ 
~ • • 0:, 

~ 
~ .. 
-1 
-1 = ·­• • 

g 

t 
CD 

~ 
11. 

C 

Standard 
Penelrallon 

Blows/ft 

30 

8. 0 --:, 
SPT_ ;,-, z 20 

r- •• .g F-ffl Bbws/6" .!l! ~ .! ::s IP 

(N) ~E:, 
8l 8l t:. 

1----+---+----~~-"T"-~-~--i---
10 20 40 

0 
D 

D-1 

5 

. 2 

10 3 

4 

15 

5 

6 

I. 
I 
I 
I 
I 
I 
I 

1· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
r 

I 
I 
I 
I 
I 

,.I 

D 
D 

(D) . 

DesaipUon of Material I 
No Recovery 



• ~-• u· Washington State LOG OF TEST BOl{ING r, Department of Transportation ·start Card R-68317 • HOLENP. lj-3A..Q6 • Job No XL-2425 SR 107 Elevation ft { m) 
Sheet _2_ ot _i__: 

•• Project SR 107 M.P. 4.7 Landslide Driler Vince Johnson Lie# 2532 

• standard ~ d ..-:,, li -s l 
C: g . SPT ~ Z 0 a, • 'Ii i Penetratior, Blows/6" 

4D z .c I Description of Material 
E 

:6 ~ Q. .8 ~ ~ i a. BJowsffl i! "' :I a. (N) E E :, • C Ill ~ t;. .5 
II) C!) 

10 20 30 40 • I I I • I I I 
I I I 

•• I I I 
I I I 

• I I I 
I I I 

• 7 I I I 
I I I 

• I l. l 
I J I . 

• I I ., 
I I I 

25 I I I • I I. -I 

• I I I 
B I I I I 

I · 1 I I • I I I I 
I I I I • I I I I 
I I I I 

• I I I I 
· I I l I • I I I I 

9 I I I I 

• I I I I 
30 I ·1 I 

• I I I . 
I I I 

• I I I 
I I I 

• I I I 
I I I 

• 10 l I I 
I I I 

• I I I 
I I I 

• I I I 
I I I 

35 
I I I • I l I 

l I I • 11 
I I I 
I I I 

ti I I I 
CD I I. I ••• I I I 

I I I • I I I 
I I I 

~ I I I 
IQ 12 

I I I •• I I . I 

40 I I I 

~ I I I 
I I r • I I I 
I I I ... I . I I 

~ I I I 
I I I 

eJ 13 I . I I 
I I l 

el I I I • I I I 
I I I 

.... I I I 

" 45 
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Job No XL-2425 SR 

14 

15 

50 

16 

55 I 
I 

17 I 
I 
I 
I 
I 
I 
I 
I 

·I 
18 I 

I 

80 

I 
I 
I 
I 
I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 

LOG OF TEST BORING 

'107 Elevation --'-"ft_._( .;.;.m:,..) ----

start Card R-68317 

HOLE No. H-3A-06 

Sheet _3_ of _4_ 
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• ~ • ;Ji Washington State LOG OF TEST BORING . r, Department of Transportation start Card R-68317 

• HOLE Ne. H-3A-06 

• Job Ne XL-2425 SR 107 ElevaUon ft { m} 
Sheet_4_ cf 4 

• Project SR 107 M.P. 4.7 Landslide Driller Vince Johnson Uc# 2532 

• a, a ,-:- I 1: g s Standard a. 
SPT ~ Z 0 ~ • a, 

CD z J!j ~ 
~ Penetration .0 

i 12 BIQwsl6" ! - a,· ~ ~ Description of Ma~rlal C: i I BlowSllt 
a. .a :::I • a, D. (N) E E :, e 0 :E Ill : t:. 

1/J " 
(!) 

10 20 30 40 • . . 
I 

rn • I 
1 

• I 

rn I 

• 22 I 
I 

!!! 

• I 
I 

• 1 
1 

• 1 

75 
I 
1 •• 23 I 

Iii 
• I 

I 

• I 
I 
I • I 
I 

m • 1 . 
24 . , 

• I 
I !~~ • f 

BO I ::: • . .. 

!!! 
• •• 25 

• ::: 

• •,• 
•,• 

• ::: 
• 85 I ~~~ 26 .< · 1 

iii 
I 
I 

.i I 
m I 

•r I ::: 

•: · 1 ... 
I ... 

27 
I ::: -~ I"' I •,• 

I I 
•,• 

Cl) 
•,• . ·~ .~ 90 

ijj End of test hole boring at 89.5 ft below ground elevation. ·~ This is a summary Log of Test Boring. Soll/Rock .~ descriptions are derived from vls1,1al field identifications 
28 and laboratory test data. 

• :i; ·~ lli: .Cl) 
! .~ 
..... . ~ 95 

• • 
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:,: Washington State · 'f'I Department of Transportation 

Job No XL-2425 SR 

Pro/eel SR 107 M.P. 4.7 Landslide 

SHeAddress SR-107Vic. MP 4.7 

LOG OF TEST BORING 

107 . Elevation ....:.:.ft~( m:.:..:.i...> __ _ 

Start Card R-68275 

HOLE No. H-38-06 

Shee\_1_ of _3_· 

Driller Vince Johnson 

Inspector Bill Hanning 

Uc# 2532 

start January 11, 2006 Completion January 11, 2006 Well lD#......;Ac.;:Kc:cK.:.,;·2::.::6:.:::;9_____ Equipment CME 850 w/ autohj:lmmer 

S1atlon -------
Offset ______ Caslng_5::;...q ______ _ Method Wet Rotary 

Northing _____ _ Eastlng ______ Latltude ________ _ 

·m cf ....,. g s standard a. 
SPT ~ Z 0 

.!I! Penetration II z I :5 ! IC Blows/8" GI 
.D 

e - GI ~ a. I 'ii. a. .a 
GI 0. BloWslft (N) ! j t. C :ii: 

10 20 30 40 

I I· I 
D D-1 
D 

I I I D 
I I I 
I I I 0 

I I ,· (D) 

No Recovery 

I ·1 
I 

·5 

2 

10 3 

4 

15 

5 

6 
20--------'----''----'---'-----...___.. _ _._ __ 



• ~. • y/i Washington State . 
,., . Department of Transportation 

• • Job No XL-2425 SR 

• Project SR 107 M.P. 4.7 Landslide 

• s Standard • g 
i :5 I!! Penetration 

! .!l • a, Q. Blawslfl 
:iii 

10 20 30 • I I 

• · 1 I 
I I 

• I I 
I I 

• I I 
I I 

• 7 I I. 
I I 

• -·1 l 
I I 

• I 
I 

25 I • ··I 
I • 8 l 
I • I 
I • I 
I • I 
I • I 

9 I I • I I 
so I' I 

• I I 
I I 

• I I 
I 1· 

• I 
I 

•• 10 I 
I 

• I 
I 

• I 
I 
I • S5 I 
I • 11 
I 
I .. I .. I • I 

:i:: I 

~ I 
I 

<!l I 
~ 12 

I 

• I 
40 I 

•• I 
I 

~ I 
I .., I 

ei 1 
I 

eJ 13 I 
I .u, . I 

. ~ I 

~ I 
. :! I r 45 
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107 

SPT 
Blowsl6" 

(N) 

40 

I 
I 
I 
I 
I 
I 

·I 
I 
I 
I 
I 
I 
I 
I 

. I 
I 
I 
I 
·I 
I 
I 
I 
I 
I 
I 
I 
I 
I ,. 
I 
I 
I 

I 
I 
I 
I 
I 
I 

. I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LOG OF TEST BORING 

Elevation ft Cm} 

1 d -:-
Z 0 

.D" .!l 

t t~ ~ ~ 
~ E-

St!rt Card R-68275 

HOLE No. H-38-06 

Sheet _2_ of _3_ 

Drlller Vince Johnson 

Description of Material 

Uc# 2532 
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~ 
~ Washington State "' I Department ofTransportatlon 

Job No XL-2425 SR 

Project SR 107 M P 4 7 Landsfide 

€ s Standard 
.! 

:5 I! IC Penetration e C. J!l Blows.llt GI CD 11. 
C ~ 

1D 20 30 
I I I 

I I I 
I I I 

--14 I I I 
I I I 
I I 
I I 
i I 

; I I 
I I 
I I ,. I 

--15 I I 

r 
60- I 

I 

- I 
I J· 
I 
I 
I 

-16 

55-

'-17 
I 

I 
I I 

I 
I 

-18 I 
l 

60-

--19 

65-

--20 

I 
I 
I 
I 
I ,. 
I I 

-21 I I I. 
I I I 
I I I 

70 
I I I 

· 107 

40 
I 

I 
I 
r 
I 
I 
I 
I 
I 
I 
I . , 
I 

: .. 

I 

I 
I 
I 
I 
I 
I 

.J 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 

SPT 
Blows/6" 

(N) 

LOG OF TEST BORING 
start card R-68275 

HOLE No. H-38-06 

G) 
C. 

~ 
.!I! 
C. 
E 
lG u, 

Elevation ft C ml · 
Sheet _3_ of _3_ 

Driller · Vince Johnson 

d ...,. 
z 0 z i .!I! CD 

.a Description of Mat~lal ID 
C. .Cl -' F-! I:. 

. 
End of test hole boring at 49.5 ft below ground elevation • 
This Is a summary Log of Test Boring; Soll/Rock 
descriptions are derlvea from visual field Identifications 
and laboratory test data. 

• 

Lie# 2532 

I 1: 
-~ 

i e· 
C!I . . 
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-~ 
~ Washington State 
""' Department of Transportation 

Job No XL-2425 SR 

Project SR 107 M.P. 4:7 LandsRde 

Site Address SR-107 Vic. MP 4.7 

LOG OF TEST BORING 

107 Elevation -'-"ft_._( .:.:.m"""} ___ _ 

Start Card R-68276 

HOLE No. L T-2-06 

Sheet _1_ of _3_ 

Driller Thomas Harvey 

Inspector James Fetterly 

Uc# 2599 

Start January 12, 20D6 COmpleUon January 13, 2006 wea ID#___;A....;;K.aa.K __ -2;;;.;;7~0 _____ Equipment CME 850 w/ autohammer 

Station_. ------ Offset_---,---~- Casl!ll 6" X 69' Method Wet Rotary 

Northing------- l;asli~------Latltu~--------- Longitude ________ ~ 

tl,--_...;:..County::::~G==ra=ys~H=a=m=o=r====~s:u:bsecll:::on:.:::S=E/~NW====:::;::::;:=:::::;::::::=:;:::::==:._.:·Section::::=:..::=2=3==~Ra:::.'.::nge'.:..::8=WW:::::::=M::::::==-l~own::.::s:~~P=1~7=N~-~ . ~ g -
• i. f!! 

2l I 
Standard 

Penetration 
BIDwslit 

SPT 
Blows/6" . Desafptlon of Material 

(N) 

• 10 20 30 40 i-.--+----+-~f-----,---r---r----'.----+----1--1---i.---+---------.---~-------+-• • • • • • • • • • • • • • 
' ~ ;,,; • & 
~ 

U) • ~ 
e§ 
e?. :::;; -~ d: 

•

CIJ 

~ -~ =! .i 
• • 

5 

2 

10 3 

4 

15 

5 

6 

I 
.. I 

1 
I 
1 
1 
1 
I 
I 
I ·, 
I 
I 
I 

l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 

6 
8 
9 

(17) 

6 
7 
8 

(15) 

6 
6 
5 

(11) 

4 
8 

D-1 

C-2 

D-3 

D-5 

D-7 

SILT, with trace sand and shell fragments, medium 
dense, yellowish brown, moist, Disrupted,Homogeneous, 
HCI reaction n~t tested, FEO stains throughout 
Length Recovered 1.5 ft, Length Retained 1.5 fl 
SILT, with trace snell fragments and sand, medium 
dense, yellowish brown, moist, Dlsrupted,Homogeneous, 
HCI reaction not tested, color changes from yellowish 
brown to grey · 

· Length Recovered 3.5 ft, Length Retained 3.5 ft 

SILT, with trace sand, medium dense, dark olive grey, 
moist, Blocky,Disrupted,Homogeneous, HCI readion not 
tested 
Length Recovered 1.5 ft, Length Retained 1.5 ft 
SILT, to SILTSTONE, medium dense, dark olive grey, 
moist, Blocky,Disrupted,Homogeneous, HCI reaction not 
tested, FEO stained Joints i 
Length Recovered 3.0 ft, Length Retained 3.0 ft 

SILT, with trace sand, medium dense, dark olive grey, 
moist, Blocky,Disrupted,Homogeneou~. HCI reaction not 
tested, FEO stains throughout 
L~ngth Recovered 1.4 ft, Length R~tained 1.4 ft 

. . 01/13/2006 
SILT, with trace sand, medium dense, dark yg, moist, 
Blocky,Disrupted,Homogeneous, HCI reaction not tested, 
FEO stained joints · 
Length Recovered 1. 7 ft, Length Retained 1. 7 ft 

SILT, with trace sand, medium dense, dark olive grey, 
moist, Blocky,Disrupted,Homogeneous, ~Cl reaction not 



• ..... • ;Ji Washington State . LOG OF TEST BORING W Department of Transportation Start card R-68276 

• HOLEfllo. LT-2-06 

• Job No XL-2425 SR 107 Elevation ft { m} 
Sheet _2_ of _3_ 

• Prqecl SR 107 M.P. 4.7 Landslide Driner Thomas Harvey Uc# 2599 

• Staodard 
Ill 

d ":" s 1: g E SPT 
c.. 

• a, ~ .z ~ 
I I Ill 

ii: Penetration .Q E 
:§. I! . f. Blows/6" J! J! .8 !I l;lescrlption of Material -g s 
m .; BIDW&'ft (N) ~ re. :::, 

"' • C ::E c?J C/l 5 .5 

10 20 30 40 • r 11 tested 

• I (19) C-8 Length Recovered 1.5 ft, Length Retained 1.5 ft 

l SILT, with SILTSTONE, medium dense, dark olive grey, 

• l moist, Blocky,Homogeneous, HCI readion not tested 
I Length ~ecovered 2:0 ft, Len~ ~etalned 2.0 ft 

• I 
I 

• 7 I 
I 

• I 
I 

9 D-9 SILT, medium dense, dark olive grey, moist, I • I 10 Blocky,Homogeneous, HCI readlon not tested 
25 I 11 Length Recovered 1.5 ft, Length Retained 1.5 ft • I (21) 

I C-10 SILT, with SILTSTONE, medium dense, dark olive grey, 

• 8 
moist, Blocky,Homogeneous, HCI reaction not tested 

• Length Recovered 2.0 ft, Length Retained 2.0 ft 

• • • . I 
4 . D-11 SILT, with trace sand and shell fragments, medium 

9 5 dense, dark olive grey, moist, Blocky,Homogeneous, HCI • I 
30 6 reaction not tested 

• (11) Length Recovered 1.5 ft, Length Retained 1.5 ft 
C-12 SILT, with SILTSTONE, medium dense, dark olive grey, 

• moist, Blocky,Homogeneous, HCI reaction not tested 
Length Recovered 2.5 ft, Lengtt, Retained 2.5 ft 

• • 10 

• • I 
4 D-13 SILT, with shell fragments and sand, loose, dark olive 

I 
4 grey, moist, Blocky,Homogeneous, HCI reaction not 

• 35 . I 5 tested 

I (9) Length Recovered 1.2 ft, Length Retained 1.2 ft 

• I ROD C-14 SIi .. TSTONE, dart< grey, fine grained, slightly weathered, 
11 I 100 very weak rock, HCI reaction not tested. Discontinuities • I FF are \lery widely spacei:f and in good condition, Percent 

,ij I 0 Recovered 100.0% • · I 
t: I • I I 

I I 

~ I I 
I I>> 11 D-15 Sandy SILT, with trace shell fragments, very dense, dark • 12 I I 24 olive grey, moist, Blpcky,Homogeneous, HCI reaction not 
I I. • 40 I I 

29 tested 

I I 
(53) Length Recovered 1.5 ft, Length Retained 1.5 ft .,., ROD C-16 SILTSTONE, brownish grey, fine grained, slightly 

~ I I 
I I 100 weathered, very weak rock, HCI reaction not tested. 

~ 
I I FF Discontinuities are very widely i;paced and in good 

I I 0 condition, Percent Recovered 100.0o/o 
I I - 13 I I 

Iii: I I 

~ I ·1 

"' I I>> .~ I I 11 D-17 SILT, very dense, d'ark grey, moist, .., I I 31 Blocky, Homogeneous, HCI reaction· not tested .g 
45 

• •• 



• ....... • u Washington State · LOG OF TEST BORING r, Department of Transportation S1alt Card R-68276 

• HOLE No. LT-2-06 

• Job No XL-2425 SR 107 · Elev8')on ft ( m} 
Sheet_3_· . of _3_ 

• Project SR 107 M.P. 4.7 Landslide Driller Thomas Harvey Uc# 2599 

• Standard 8. d ~ I C: 

• g. s .ll! SPT ~ Z 0 
-m 

.. 
-5 I! e Penetrallon Blows/6" a, .. z .D Description of Materl~I E 
a. I ii 'iS.. .8 !I ~ s 
a, D. Blowslft· (N) E E ::i 

::I 

"' • C "' ~ t::. e .5 
rn Cl 

10 20 30 40 • I I I 48 Length R_ecovered 1.2 ft, Length Retained 1.2 ft . 

• I I I (77) C-18 SILTSTONE, brownish grey, fine grained, slightly · 
14 I I I RQD weathered, very weak rock, HCI reaction not tested. 

• I I I 100 Discontinuities are very widely spaced and In good. 
·I I I FF condition, Percent Recovered .100.0% 

• I I .1 0 

I I I 

• I I I 
I I I 

• I I I 

15 
., J J 

15 0.19 SILT, with trace sand, very dense1 dark grey, moist, I I. •• .I I 34 Blocky,Homogeneous, HCI reaction not tested 
50 I I '50/5" Length Recovered 1.4 fl, Length Retained 1.4 ft • I I (50) 

C-20 SILTSTONE, brownish grey, fine grained, slightly 
I I RQO • I I 100 weathered, very weak rock, HCI reaction not tested . 

I I FF Discontinuities are very widely spaced and in good 

• I I 0 condition, Percent Recovered 100.0% 
I I • 16 J I 
I • l 

I I • I I 20 D-21 SILT, very dense, dark grey, moist, I I • I I 50/6" Blocky,Homogeneous, HCI reaction not tested 
55 I I (50) 

C-22 
Length Recovered 1.0 ft, Length Retained 1.0 ft 

• I I ROD SILTSTONE, brownish grey, fine grained, slightly. 
17 I I 100 weathered, very weak rock, HCI reaction not tested. 

• I J FF Discontinuities are very widely spaced and in good 
I I 0 condition, Percent Recovered 100.0% 

• I I 
I I 

• I I 
I I 

• I I I 
I I I 

• 18 I I ~6 0.23 SILT, very dense, 91l!Y, moist, Blocky,Homogeneous, HCI 
I I 50/6" reaction not tested 

• 60 
I I (50) Length Recovered 1.0 ft, Length Retained 1.0 ft 
I I C-24 
I I RQD · S!L TSTONE, brownish grey, fine grained, slightly 

~ I I . 80 weathered, very wea~ rock, HCI reaction not tested. 

I I FF Discontinuities are very widely spaced and In good • I I .0.8 condition, Percent Recovered 100.()% 

id I I. .. 19 I I 
I I 

& I I 
C l I -~ 1 I 
(1,1 I I ~-25 SILT, very dense, dark grey, moist, 

.i. I I Blocky,Homogeneous, HCI reaction not tested 
I I 

.3 65 I I 
Length Recovered 1.0 ft, Length Retained 1.0 ft 

(1,1 20 I 
C I es I End of test hole boring at 65 ft below ground elevation. .., I This Is a summary Log of Test B"Oring. SoiVRock -~ I descriptions are derived from visual field identifications 
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