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Preface 

A subsurface site investigation was conducted and supervised by personnel 
of the U.S. Army Engineer Waterways Experiment Station (WES), at the 
Bannister Federal Complex, Kansas City, Missouri, during the period 25 June 
to 1 July 1994. The work was funded under MIPR KC-94-114 dated 
12 May 1994. 

Mr. Jos~ L. Llopis of the Engineering Geophysics Branch (EGB), 
Earthquake Engineering and Geosciences Division (EEGD), Geotechnical 
Laboratory (GL), WES, was the project engineer. The crosshole S-wave 
velocity field investigation was performed by Messrs. Jos~ L. Llopis and 
Thomas B. Kean n, EGB. The S-wave crosshole test borings were installed 
by personnel of the U.S. Army Engineer District, Kansas City, (CEMRK) 
during 23 May to 1 June 1994. Crosshole borings and seismic cone 
penetrometer test (SCP1) push locations were surveyed by CEMRK 
personnel. Mr. Steve Jirousek was the CEMRK project geologist. The 
SCPT's were performed by Mr. Spencer A. Vandehey, Vandehey Soil 
Exploration, Banks, Oregon. Messrs. Raymond Meis and Mark Drury were 
the U.S. Department of Energy, Kansas City Area Office, and Allied-Signal 
Aerospace Corporation project managers, respectively. 

The work was performed under the direct supervision of Mr. Joseph R. 
Curro, Jr., Chief, EGB, and under the general supervision of Drs. A. G. 
Franklin, Chief, EEGD, and William F. Marcuson Ill, Chief, GL. 

At the time of publication of this report, Director of WES was Dr. Robert 
W. Whalin. Commander was COL Bruce K. Howard, EN. 

The colllmlS of this rt:pon are twt to be wed for odverfislng, publictUion. 
or pronwtiOMl purposes. Otation of t.rtJde names does not coflltituU Gil 

offici41 Cf!IUJnetnDII or approval of the we of such commercial prod=ts. 



Conversion Factors, 
Non-51 to Sl Units of 
Measurement 

Non-Si units of measurement used in this report can be converted to SI units 
as follows: 

Multiply By To Obtain 

degrees (angle) 0.01745329 radians 

feet 0.3048 meters 

feet per second 0.3048 meters per tecond 

gallons 3.785412 cubic decimeters 

inches 2.54 centimeters 

inches per second 2.54 centimeters per second 

miles (US statute) 1.609347 kilometers 

pounds (force) 4.448222 newtons 

tons per square foot 95.76052 kilopescels 

v 



1 Introduction 

Current computerized seismic wave propagation analysis procedures for 
building foundations require that values of shear-wave (S-wave) propagation 
velocities as a function of depth be determined. The S-wave velocities are 
used in conjunction with conventional field sampling and laboratory testing to 
provide soil property information for a dynamic analysis of buildings and their 
foundations. 

The Bannister Federal Complex (BFC) is located in southern Kansas City, 
MO, at 2000 East 95th Street, as shown in Figure 1. The BFC is a Federal 
facility that consists chiefly of one large main building along with an 
assemblage of smaller surrounding structures. The main building has 
approximate dimensions of 900 by 1600 ft and is occupied by the U.S. 
General Services Administration (GSA), the U.S. Marine Corps, and the U.S. 
Department of Energy (DOE). The DOE administers a manufacturing facility 
in the eastern portion of the main building which is operated, under contract, 
by the Allied-Signal Aerospace Corporation. 

The DOE concerns about the potential damaging effects on manufacturing 
facilities and processes by seismic loadings has prompted a dynamic analysis 
to be initiated. At the request of the DOE the U.S. Army Engineer 
Waterways Experiment Station (WES) conducted a subsurface site 
investigation to characterize in situ S-wave velocities and other physical 
properties related to the foundation in the vicinity of the main building at the 
BFC. The information acquired from this investigation will be used in a 
dynamic analysis to determine the effects of seismic loadings on the main 
building and to aid in designing any needed structural modifications. 

The WES/DOE finalized test program consisted of crosshole S-wave, 
seismic cone penetrometer testing (SCPT), and laboratory soil analysis which 
would provide the data necessary to complete an analysis of the building's 
response to earthquake loadings. The location of the crosshole sets and SCPT 
pushes are shown in Figure 2. The crosshole and SCPT push locations shown 
in Figure 2 are approximate locations. The surveyed crosshole and SCPT 
push coordinates and elevations are given in Appendix A. 

Chapter 1 Introduction 
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The BFC is located on flood plain deposits of Indian Creek which flows 
easterly south of the plant. This creek joins the Blue River southeast of the 
plant with the resulting flow bordering the east property line. Previous 
studies have indicated that the site is underlain by approximately 40 ft of clay 
alluvium and which is also underlain by a basal clay-gravel layer. Underlying 
the clay-gravel layer is a shaly bedrock of the Pleasonton Group. The site is 
predominantly level with the exception being the bluff line on the northern 
portion of the site. 

Chapter 1 Introduction 



2 Test Principles and 
Procedures 

Crosshole S-wave tests 

The purpose of running crosshole tests was to determine horizontal S-wave 
velocities as a function of depth. An advantage of the crosshole test as 
opposed to surface seismic refraction test is its ability to detect low velocity 
layers underlying or sandwiched between layers of higher velocity. One 
shortcoming of the crosshole method is that boreholes are required for testing. 
Thus, crosshole tests seismic tests are more costly than a surface seismic 
refraction test. However, the crosshole technique is considered to be more 
definitive and accurate than the surface seismic refraction test for measuring 
S-wave velocities. Basically, the testing consists of measuring the arrival time 
of an S-wave that has traveled from a source in one borehole to a detector in 
another borehole(s) at the same elevation. This procedure is then repeated for 
the next test elevation. Knowing the distance between borings and the time 
the S-waves take to travel across this distance the velocity can be computed 
(distance divided by time). 

Two crosshole sets were used for crossbole testing and their locations are 
shown in Figure 2. Each crosshole set consisted of three in-line borings 
spaced approximately 10ft apart. Borings D-40, D-41, and D-42 which were 
used for the crosshole set located in the northeast parking lot were drilled to 
depths of approximately 52 ft, whereas borings D-43, D-44, and D-45 used 
for the crosshole set in the southeastern parking lot were drilled to 
approximate depths of 57 ft . The borings were designed to penetrate 
approximately 10ft of bedrock. The crosshole borings, with a diameter of 
6 .25 in. , were cased with a 4-in. inside diameter (ID) Schedule 40 polyvinyl 
chloride (PVC) casing and the bottom capped. The annular space between the 
casing and the walls of the boring were grouted with a material that 
approximated the density of the surrounding in situ material. In this case, a 
mixture obtained by mixing 10 lbs . of bentonite and 10 lbs. of portland 
cement to approximately 7.5 gal . of water was used. The cap at the bottom 
of the boring consisted of a one-way valve that was fitted for a tremie pipe 
attachment. The tremie pipe was placed through the inside of the casing and 
attached to the bottom check valve. Grouting was carried out in one 
continuous operation by pumping grout through the tremie pipe, filling the 
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annular space between the drilled hole and the casing, from the bottom of the 
borehole to the surface. 

Borehole deviation (drift) surveys were conducted to determine the precise 
vertical alignment of each boring. Figure 3 shows the deviation probe and 
instrumentation used to conduct the borehole deviation surveys. The 
incremental borehole deviation for each elevation along with the total 
deviation for the boring are indicated on the control panel. Accurate 
reduction of data from the crosshole tests requires knowledge of the drift of 
each boring so that a straight-line distance between borings at each test depth 
can be established. 

S-wave velocity measurements were obtained by placing an S-wave source 
in the center hole (source hole) of each crosshole set and detectors, at the 
same elevation, in the two outer boreholes (receiver holes). The detectors 
consisted of a triaxial array of geophones, or velocity transducers, (two 
mounted horizontally at 90 deg. to each other, and one vertically oriented) in 
one container. The container housing the geophones was clamped ftrml y to 
the casing wall by means of an expanding pneumatic piston. A downhole 
vibrator was used as a source of vertically polarized S-waves. The S-wave 
testing procedure consisted of lowering the vibrator in the borehole to a 
selected test elevation and clamping the vibrator frrmly to the sidewalls of 
casing also with an expanding pneumatic piston. When the vibrator was in 
position, the operator tested a range of frequencies (50 to 250 Hz) and 
selected one that propagated well (one with a high amplitude) through the 
transmitting medium. The time required for the S-wave to travel from source 
to receiver hole was recorded using a portable, 24-channel seismograph with 
data-enhancement capability. This procedure was repeated at 5-ft depth 
intervals from a depth of 5 ft to the bottom of the borehole. Figure 4 
illustrates the crosshole S-wave technique. An analysis of the crosshole data 
obtained at each test elevation was made with the aid of the computer program 
CROSSHOLE developed at WES (Butler, Skoglund and Landers 1978). 
Further information regarding geophysical testing and interpretation 
procedures used in this study is given in Engineer Manual EM 110-1-1802 
(Department of the Army 1979). 

Soil sampling and testing 

Standard penetration tests (SPT's) were conducted at 5 ft intervals in 
borings D-40 and D-43, the center borings of the northeast and southeast 
parking lot crosshole sets, respectively. The SPT blow counts, or N-value, 
can be used to relate engineering behavior of soils to widely published 
correlations. The SPT's were conducted in strict compliance to ASTM 
Designation: D 1586-84. For this investigation refusal was defined as 50 
blows per foot . 

Soil samples were collected from borings D-40 and D-43 at 5-ft. intervals. 
The samples were placed in jars, sealed and sent to the U.S. Army Engineer 
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Missouri River Division Laboratory for further visual examination and 
classification. Soil tests included grain-size distribution, natural water content, 
Atterberg limits, and soil classification according to the Unified Soil 
Classification System (USCS) for each soil sample. Laboratory testing was 
performed between 12 and 14 July 1994. The laboratory tests were 
performed in accordance to procedures described in Engineer Manual 
EM 1110-2-1906 (Department of the Army 1970). 

Field logs of each boring were prepared by the drill crew. The logs 
include visual classifications of the materials encountered during drilling as 
well as the driller's interpretation of the subsurface conditions between 
samples. Also recorded on the logs are the SPT blow counts and soil sample 
locations. 

Seismic cone penetrometer test 

The cone penetrometer test (CPT) was originally developed in Europe as a 
rapid and cost-effective means of determining soil stratigraphy and soil 
strength parameters. It is now used extensively for off-shore and on-shore 
geotechnical applications. The cone used for this investigation, besides having 
the capability to determine soil stratigraphy and soil strength parameters also 
allowed S-wave velocity measurements to be made. 

The SCPT used for this investigation utilized a drill-rig-mounted 
hydraulically-powered push apparatus, to force the instrumented cone 
penetrometer into the soil media. The electric cone had a 60° cone tip with a 
1.4-in. diameter, and included two load cells to simultaneously measure tip 
penetration resistance and skin, or sleeve, friction as the cone was advanced. 
The cone penetrometer was pushed at a rate of approximately 0. 79 in/sec. 
Steel rods, 3.28 ft long, were used to push the cone penetrometer into the 
soil. Tip resistance, sleeve friction, and cone inclination measurements were 
taken at 0.33-ft. depth increments. A cable prethreaded through the center of 
the hollow push rods, connected the cone to the data acquisition system at the 
ground surface. Each SCPT was pushed to refusal. Because of the soil's lack 
of lateral support on the cone rods and concern over bending the rods refusal 
was arbitrarily set to a tip resistance value in excess of 100 to 125 Tsf. These 
measurements provide a continuous record of soil resistance to penetration 
which can be used to characterize the soil media in detail. The cone data can 
be interpreted to give a good continuous prediction of soil type and shear 
strength (Robertson and Campanella 1983). Full details of the design of an 
electronic cone are given by Campanella and Robertson, 1981. 

Also embedded into the cone body is a small horizontally oriented 
geophone which allows S-wave velocity measurements to be taken. The 
downhole S-wave test was conducted by pushing the cone at an approximate 
rate of 0.79 in/sec to a depth of 4.59 ft and stopping further advancement. A 
horizontally polarized S-wave was then generated on the ground surface by 
striking the end of a steel beam, that was weighted down by the rear drill-rig 
levelling pads, with a switched sledgehammer. The geophone in the cone 
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body was positioned so that its axis was oriented parallel to the long axis of 
the steel beam (signal source) in order to detect the horizontal component of 
the shear wave arrival. The time the S-wave took to travel from the ground 
surface to the cone was measured and recorded. The cone was then pushed 
3.28 ft. using the previous push rate, stopped and another S-wave 
measurement taken. This procedure was repeated at 3.28-ft intervals until 
refusal was encountered. The downhole S-wave technique is illustrated in 
Figure 5. 

The S-wave arrival times for each test increment were plotted versus 
distance from the S-wave source (slant distance) as shown in Figure 6. Best 
fit straight line segments were then drawn through the plotted points. The 
slopes of the line segments correspond to the S-wave velocity for that 
particular depth range. 

The cone was pushed at thirteen locations around the facility and their 
approximate locations are shown in Figure 2. The surveyed SCPT push 
locations and elevations are given in Appendix A. The SCPT push locations 
were selected to provide representativeS-wave and stratigraphic information 
of the site. SCPT push locations 1 and 5 were located adjacent to the 
crosshole sets in the northeast and southeast lots, respectively. The purpose 
for these two pushes was to compare the downhole and crosshole derived S­
wave velocities. 

The SCPT is used to determine the velocity of horizontally polarized S­
waves propagating vertically through the soil whereas, the crosshole test is 
used to determine the velocity of vertically polarized S-waves propagating 
horizontally through the soil. The combined use of these two methods may be 
used to determine the presence of possible velocity anisotropy. Velocity 
anisotropy many times can be measured in materials where the S-wave signal 
has to cross discontinuities such as bedding and fracture planes. For example 
consider a material that contains numerous beds whose thicknesses are thin 
relative to the distance between crosshole borings. In this case it would be 
expected that the downhole-measured S-wave velocities would be less than 
those measured using the crosshole method. 

Chapter 2 Test Principles and Procedures 



3 Test Results and 
Interpretation 

Field and laboratory soils tests 

The logs of the six boreholes drilled for the two crossbole tests are 
presented in Appendix B. The logs for the northeast parking lot, borings 
D-40, D-41, and D-42, show very similar results and indicate a silty lean clay 
from the near surface to a depth of approximately of 40ft where a basal clay­
gravel layer approximately 1 to 5 ft thick is encountered. The basal clay­
gravel layer consists of fine to coarse, semi-rounded to angular limestone 
gravel in a clay matrix. Beneath the clay gravel at an average depth of 42 ft 
is the Pleasanton Group bedrock. The bedrock as described in the boring logs 
is soft to moderately hard shaly siltstone with a greenish-gray to light brown 
color. 

The logs for the southeast parking lot (borings D-43, D-44, and D-45) 
indicate the same general stratigraphy as that recorded for the northeast lot 
with the exception being that the basal clay gravel layer and top of bedrock 
were encountered at approximate depths of 44 and 46 ft, respectively. 

The boring logs indicate that in general, the N-values for the silty clays 
encountered at a depth of 5 ft bad values ranging between 15 and 17 blows/ft 
and decreased to values ranging between 4 and 8 blows/ft below a depth of 
10ft. One anomalously high N-value of 18 blows/ft at a depth of 30ft in 
boring D-40 is noted. 

Summary tables of the soil laboratory analysis results for the northeast and 
southeast parking lots are given in Tables 1 and 2, respectively. Detailed 
laboratory results including grain size curves are presented in Appendix C. 
Most of the soil samples tested were classified either as a lean or sandy clay, 
CL, according to the USCS. Samples S-1 and S-6, obtained from boring D-
40 (northeast lot), were classified as fat clay, CH, while sample S-8 was 
visually classified as clayey sandy gravel. 

Chapter 3 Test Results and Interpretation 7 
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Table 1 
Summary of Laboratory Soils Testing -Boring D-40 -Northeast Parking Lot 

Sample Depth. ft 

S-1 5.0-6.5 

S· 2 10.0-10.9 

S-3 15.0-16.5 

S-4 20.0-21.5 

S-5 25.0-26.4 

S-6 30.0-31 .5 

S-7 35.0-36.5 

S-8 40.0-40.3 

LL • Liquid Limit 
PL • Plastic Limit 
PI • Plasticity Index 
ll • Liquidity Index 

Nat W% 

25.0 

31.5 

29.0 

30.6 

31.5 

26 .6 

24.8 

'Note: Field measured blow counts 

LL PL PI 

54 16 38 

48 16 32 

43 18 25 

39 15 24 

40 18 22 

53 19 34 

41 16 25 

30 15 15 

"- %Retained % Pa11lng ·Blow 
on 1200 1200 Count 
Sieve Sieve 

0.24 6.6 93.4 17 

0.48 7.2 92.8 4 

0.44 8.2 91.8 8 

0.65 7.8 92.2 4 

0.61 7.7 92.3 5 

0.22 5.8 94.2 18 

0.34 25.5 74.5 8 

Cla .. lflcatlon 

Very dark gray fat clay, CH 

Dark gray and dark brown 
sandy clay, CL 

Dark brown sandy clay, CL 

Vary dark gray lean clay, CL 

Very dark gray lean clay, CL 

Mottled gray and rust fat clay 
with some send, CH 

Mottled grey and rust eandy 
clay, CL 

Dark brown clayey sandy gravel 

Nota: Speelman too small for 
4-point Atterbarg. 
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Table 2 
Summary of laboratory Solis Testing - Boring D-43- Southeast Parking lot 

Semple Depth, ft 

S-1 5.0-6.5 

S-2 10.0-11.5 

S-3 15.0-16.5 

S-4 20.0-21.5 

S-5 25.0-26.3 

S-6 30.0·3 1.5 

S-7 35.0-36.3 

S-8 40.0-41.5 

S-9 45.0-45.4 

S-10 7 

LL - Uquid Limit 
PL - Plastic Limit 
PI - Plasticity Index 
ll - Liquidity Index 

Net W% 

26.0 

26.8 

26.7 

27.2 

32.3 

34.9 

28.5 

30.4 

'Note: Field measured blow counts 

Ll 

45 

38 

38 

35 

42 

42 

46 

41 

33 

26 

PL PI ... % Aetelned % PMelng ·Blow 
on 1200 1200 Count 
Sieve Sieve 

17 28 0.32 7.3 92.7 15 

17 21 0.47 7.2 92.8 7 

17 21 0.46 5.9 94.1 5 

16 19 0.59 5.7 94.3 4 

18 24 0.60 4.7 95.3 5 

17 25 0.72 4 .2 95.8 4 

17 29 0.40 8.0 92.0 5 

16 25 0 .58 8.2 91.8 7 

16 17 50 

13 13 

ct ... lflcedon 

Dark brown lean clay, CL 

Dark brown lean clay, CL 

Dark brown lean clay, CL 

Dark brown lean clay, CL 

Dark brown sandy clay, CL 

Very dark grey lean clay, CL 

Very dark grey lean clay, CL 

Very dark grey teen clay, CL 

Dark brown gravelly sandy clay, 
CL 

Note: Specimen too smell for 
needed sieve analysis. Visual 
classification with etterberg 
limits. 

Grey highly weathered shale. 
Lean clay, CL 
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Crosshole S-wave tests 

The plotted results from program CROSSHOLE for the S-wave tests 
conducted in the crosshole sets located in the northeast and southeast parking 
lots are presented in Figures 7 and 8, respectively. The S-wave velocities and 
depth to interfaces agree very well for the two S-wave tests conducted in the 
northeast parking lot boring set. The velocities for the materials between 
depths of 5 and 37ft ranged between approximately 400 and 725 fps and 
correspond to the clay soils. Between approximate depths of 37 and 41 ft a 
velocity of 1900 fps is indicated. This velocity corresponds to the depth at 
which a clay gravel material is indicated in the boring logs however, because 
of the likelihood of a refracted arrival caused by the proximity of the bedrock 
surface, it is likely that this velocity corresponds to a signal travelling both 
through bedrock and the clay gravel. The bedrock in this area had a velocity 
of approximately 2050 fps . 

The velocities for the clay materials found between depths of 5 and 44 ft 
in the southeast parking lot borings ranged between approximately 500 and 
725 fps. Bedrock in this area had a velocity of approximately 1750 fps which 
is approximately 300 fps slower than the bedrock velocity measured at the 
northeast parking lot. The 1750 fps bedrock velocity measured at the 
southeast lot may correspond to perhaps a softer or slightly more weathered 
bedrock than found at the northeast lot. 

The S-wave data for both crosshole sets is presented in Figure 9. The 
figure illustrates the close velocity agreement of the clayey materials between 
both crosshole sets. The figure also indicates that the depth to bedrock was 
approximately 7 ft greater in the southeast boring set than in the northeast set. 
An S-wave velocity profile for the alluvium and bedrock was constructed 
based on the crosshole results and is presented in Table 3. 

Table 3 
Average Crosshole S-wave Velocities 

Depth Range, ft Average S·wave Velocity, fpa Material 

5 to 12 475 Clay • Alluvium 

12 to 21 600 Clay • Alluvium 

21 to (37-46) bedrock 700 Clay • Alluvium 

(37-46) to 7 1900 Shaly Siltstone • Bedrock 

Chapter 3 Test Results and Interpretation 



Seismic cone penetrometer tests 

Complete SCPT results which include, for each push, separate plots of tip 
resistance, sleeve friction, friction ratio, cone inclination, and predicted N­
value versus depth are presented in Appendix D. Also, presented for each 
push, are tabulated values of tip resistance, sleeve friction, friction ratio, cone 
inclination, and the interpreted soil type for each 3.94-in. push interval . The 
interpreted equivalent N-values and soil classifications were derived from the 
interactive computer program CPTINTRl (Greig 1986). The interpretation 
methods used in CPTINTR1 for estimating equivalent N-values and the soil 
type are given in Robertson et al. 1983 and Robertson and Campanella 1983. 

The plots of tip resistance versus depth commonJy show values of less than 
10 Tsf throughout the push with the exception of the upper 5 to 7 ft which at 
times have values in excess of 100 Tsf. Some of the pushes also indicated 
zones, some as thick as 5 ft, exhibiting higher tip resistance values between 
depths of 15 and 30 ft . 

The sleeve friction versus depth plots basically exhibited the same pattern 
as the tip resistance plots. Recorded friction values generally showed values 
less than 0.25 Tsf for the majority of the push. Most of the pushes indicated 
higher sleeve friction values in upper 5 to 7 ft. Also, as was the case with the 
tip resistance plots, the sleeve friction plots also indicated zones with higher 
friction values between depths of 15 and 30ft. 

The plot of equivalent N-values versus depth also indicated fairly consistent 
values of less than 10 blows/ft throughout the SCPT push. These values agree 
very well with the SPT values obtained in the two crosshole borings. Again, 
as was previously displayed in the tip resistance and friction plots, some of the 
SCPT pushes exhibited higher N-values for the near surface soils and for 
zones, up to approximately 5 ft thick, between depths of 15 and 30 ft . 

The downhole S-wave results, displayed as arrival time versus slant 
distance, for SCPT pushes 1 through 13 are presented in Figures 10 through 
22, respectively. The interpreted downhole S-wave velocity profiles for the 
SCPT pushes along the east, south, west, and north side of the main building 
are presented in Figures 23 through 26, respectively. Each figure shows the 
velocity profiles corresponding to pushes collected along each side of the 
building. The velocities for the clay materials range between 350 and 775 
fps. Two of the pushes, P-8 and P-11, appear to have partially penetrated the 
clay-gravel layer and the velocity for this layer is approximately 1100 fps. 

Figure 27 shows a comparison of the downhole and crosshole S-wave 
velocities for the northeast and southeast parking lots . The results of the 
downhole S-waves obtained near the location of the crosshole borings agree 
very well with the crosshole S-waves. No evidence of any velocity anisotropy 
was observed i.e., vertically and horizontally propagating S-waves had similar 
velocities . 
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4 Summary 

This report documents the results of an in situ geophysical investigation 
conducted in the vicinity of the main building at the Bannister Federal 
Complex, Kansas City, MO. The purpose of the investigation was to 
determine the soil and bedrock S-wave velocities of the site. The S-wave 
values will be used to perform a dynamic analysis of the main building and its 
foundation. 

Laboratory tests on soil samples taken from crosshole borings indicated 
that the alluvial material across the site is basically a lean clay and according 
to the USCS a CL. Underlying the clay is a basal clay-gravel layer consisting 
of flne to coarse, semi-rounded to angular limestone gravel in a clay matrix. 
The bedrock belongs to the Pleasanton Group and is encountered at an 
approximate depth of 40 ft. The bedrock is described in the boring logs as a 
soft to moderately hard shaly siltstone with a greenish-gray to light brown 
color. 

The SCPT was used to collect S-wave velocities, tip resistance and sleeve 
friction measurements at 13 locations around the main building. Tip 
resistance and sleeve friction measurements were used to make soil 
classification and N-values interpretations. The SCPT results indicated the 
presence of approximately 5-ft thick zones, between depths of 15 and 30ft 
that showed slightly higher tip resistance and sleeve friction values. SCPT 
S-wave results in the alluvium indicated values which increased with depth, 
ranging between 350 and 775 fps. Two of the pushes, P-8 and P-11, appear 
to have partially penetrated the clay-gravel layer and the velocity for this layer 
is approximately 1100 fps. 

Averaged crosshole S-wave results indicate values ranging between 475 
and 700 fps for the clay materials. The S-wave velocities showed an increase 
with depth. The averageS-wave velocity for the shaly siltstone (bedrock) was 
1900 fps. 

There was very good agreement between the S-wave results obtained from 
the SCPT and crosshole tests. Based on these results, if further S-wave 
measurements of the alluvial materials are needed it is recommended that they 
be collected using the SCPT. For the alluvial soils found at this site, S-waves 

Chapter 4 Summary 



can be collected more economically using the SCPT rather than the crosshole 
method. However, if further rock velocities are needed it is recommended 
they be measured using the crosshole method. 

Chapter 4 Summary 
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Figure 3 . Borehole deviation tool 
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Figure 14. SCPT P-5 S-wave results 
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Figure 17. SCPT P-8 S-wave results 
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Figure 24. SCPT S-wave results, south side of main building 
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Figure 25. SCPT S-wave results, west side of main building 



805 

800 

795 

790 

~ 785 
-c 

0 

~ 780 
> 
Q) 

jjj 

775 

no 

765 

760 

755 

West 
~ 

P-11 

t 
425 

575 

' 

1125 

' 
S-wave velocities In ft/sec 

Figure 26. SCPT S-wave results, north side of main building 

P-12 P-13 P-1 

• j 

350 

400 450 
• 

lr 
450 * ,. 

550 

650 ~ 

650 

725 

1 • 

• 
Horizontal positions are not to scale 



NORTHEAST LOT SOUTHEAST LOT 

Boring 0-40 P-1 040-041 040-042 Boring 0-43 P-5 043-044 043-045 
- 0 

0 ,...-

·~ 
I 

XXX XXX XXX XXX 

- 5 
5 f-

450 450 400 
525 

525 575 - 10 
10 1-

E E 
15 1- :J 

:J 
- 15 

·- ·- 625 
> > II 

:J 550 550 :J lr 

- -
C( 550 

-
20 

c( 

f-
~ ~ 

- 20 

~ - -
u u 725 ~ 

t.25 f-
725 - 25 5 

CD 
725 725 

0. 
CD 
0 

0 725 
675 625 - 30 

30 t-

700 700 700 - 35 
35 -

• 40 f-
1900 1900 - 40 

dr 
Clay Gravel 675 

Pleasonton 2075 2050 
~ 

' r 
45 f-

c ray ( ravel 
- 45 

Group 
Shaly Siltstone 

Pleasanton 1725 1ns 

Group - 50 
50 '-- Shaly Siltstone 

fiUt Cl. ·-

Figure 27. Crosshole and SCPT S-wave velocity profile comparisons 



Appendix A 
Survey Results 

S-wave Crosshole Borings and SCPT Push 
Coordinates and Elevations 

Northing E .. tlng Elevation, ft 

1017812.34 2769663.61 798.74 

1017802.89 2769666.03 798.79 

1017792.91 2769667.71 798.84 

1017806.83 2769661.52 798.69 

1017184.82 2769385.27 797.09 

1016673.20 2769489.31 796.89 

1016207.41 2769567.16 796.82 

1015560.94 2769876.10 800.64 

1015563.01 2769885.64 800.75 

1015565.58 2769895.69 800.85 

1015566.53 2769887.41 800.79 

1015710.58 2769177.31 799.59 

1015644.80 2768644.24 799.69 

1015472.91 2767847.79 799.98 

1015937.87 2767368 .18 797.64 

1016386.73 2767271.46 796.62 

1016634.91 2767361.29 798.07 

1016834.36 2768356.42 797.59 

1017111.23 2768673.77 799.16 

Description 

Boring 0·41 

Boring 0-40 

Boring 0-42 

SCPT 1 

SCPT 2 

SCPT 3 

SCPT 4 

Boring 0-45 

Boring 0-43 

Boring 0·44 

SCPT 5 

SCPT 6 

SCPT 7 

SCPT 8 

SCPT 9 

SCPT 10 

SCPT 11 

SCPT 12 

SCPT 13 

Note: Northings and Eastings based on points 13 and 14 as shown on map by George Butler 
and Associates, OWG. 117810-V1 dated 2/1/93 and provided by Mr. Mark Drury, 
Allied-Signal Corporation. Elevations based on data stamped on brass caps. 
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Appendix C 
Laboratory Soil Tests Results 
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COE - MISSOURI RIVER DIV. LAB F1g . No . 17 



LIQU I D AND PLASTIC LIMITS TEST REPORT 
43 

I 
I 

41 
I 
I 

39 I 

I 
I 

37 I 
I 

1- I 
2 I 
UJ 35 1-
2 I 
0 I u 
II 

33 
UJ 

I 

1- I 
<t 31 I 
:J: I 

I 

I 
29 1 

I 
I 

27 - I . 
25 

. 
5 6 7 8 9 10 12 14 16 18 20 25 30 40 

NUMBER OF BLOWS 

Locat1on • OescrlPtlon LL PL PI -200 ASTM 0 2487-85 

• 0-43 S-10 CL. Lean clay 
H1gnly weatnered snale 26 13 13 90 

Pro)ect No.: 2732 Remarks: 

Pro)ect· BANNISTER FEDERAL COMPLEX Gray 
Cross-Hole Se1sm1c 

Client. Kansas Clty D1str1ct 

Locat1on: D-A3 S-10 

Date: 7/12/94 

LIQUID AND PLASTIC LIMITS TEST REPORT 

COE - MISSOURI RIVER DIV . LAB F1g . No . 18 



Appendix D 
Seismic Cone 
Penetrometer Test Results 

0-1 



SCPT P-1 

. . 



Vandehey So l l Ex p l 
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a_ 
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Sounding 

Client 

S.VAN 
SN0-91 Pg 1 I 1 
WES 

SLEEVE FRICll(l{ 
f1 llon/ W2l 

CPT Oate 06-26-941 19: 20 
Location . P-1/BOC-KC MO . 

.Job No . . OACW39-9•-M-5062 . 
FRICll(l{ RAllO 

fe/ Q Ill 
IHTEJi'RE I ED 

PfU'IlE 
0 0 2 .!5 0 10 0,+-...__._ ................ -1 

1 15-

30 

. 

611)-6-...0._.. ...... __._.. 

Depth Incre~ent : .1 • Max Depth : ~1 . 67 ft 



SOUNDING ~ATA JN F"lLE SN0-91 06-2G-94 19:70 

OPERATOR · S. VAN ~OCATION · P-l/FFC-KC MO 

CLIENT · WES JOB No. : OACW39-94-M-5062 

Vl!ndehey Sc•ll E:<pl or at 1 <:~n 
"'5 P f A E I C '"·710F < ~ .... ~, .,. ~r:t:.l u(l6:,::. N~o~ ~c-1 1c ve.-. an{~-. tregCin. ::o •• ;:.u_, ~·-- -·-". 

em~ D[PT~ nr fF.JCiJ(l:. Ff ~Ail[l ltl( Jtll[~JP.fl[[• 

ltttr!. tl'e~ Oc hf rs t5~" r s/('t l I des S:t!t mE 

0 ,1(1 ~-~ il.(t u .(~~· ; (t.l ? 

(•.2!i 0.7 0 .f• (•.0(10 < 0 .I ' 
ll. :10 1.0 0.0 0. (11V• •.· 0. I 

., 
(: .~n u II,P 1\.ft·ll'• r li. 1 " 

t• .St1 1.£ 8.2 (• .Sl1£. !! ,(1• ( ' I . ' crgar.Jc I ll'!' 1al 
{t.5Q 2.0 13.!; J.(t9:; r .\It 0.1 cia~ 

(1. 7(1 u 12 .I 0.9~~ 7.SI 0.1 clay 

<:.SO 2.G 11.6 0.8\15 6.97 0.1 eli!~ 

0.9·1 3.0 12 .I 0.7e:.l 6.45 0.1 cilly 

1.00 3.3 IZ.S o sq· . -· 7.91 0. I cl~y 

l.lv 3.6 13.0 0.978 7.5{1 0.1 clay 
1.20 :u 13.0 0.933 7.16 0.1 clay 

J.30 4.3 13.0 0.878 6.73 0. I clay 

1.40 u 1J.Ii 0.876 7.57 0.1 chty 

1.50 4.!:1 7.3 o.m 9.86 0.1 clay 

LEO 5.2 5.5 0.521 9.39 0.1 clay 

1.70 5.6 10.2 0.~ 5.90 0.1 clay 
1.80 5.!! 7.9 0.631 8.01 0.1 clay 

1.90 6.2 8.0 0.598 7.44 O.J clay 

7.00 6.6 u 0.569 6.11 0.1 clay 
2 ,l(J 6.5 6.5 0.567 7.93 0. I clav 
2.20 7.2 u 0.431 us 0.1 organic aaterlo1 
2.30 7.!; ~.s 0.37~ 8.$ 0.1 organic sateri~l 
UQ 7.9 u 0.413 10.03 0. I organ1c aater1al 
2.5(• 8.2 5.0 o.Jsq 7.09 0.0 clay 

~.60 B.~ 6.2 6.44~ 7.21 0.0 clay 

2.70 8.9 6.3 0.~53 -22 (. 0.(• rla~· 

2.80 9.2 5.9 0.439 7.39 0.0 clay 
2.90 9.5 5.3 0.428 8.01 0.0 clay 

3.00 9.8 ~.6 0.356 6.97 0.0 orsanic •attr1el 
:uo 10.2 u o.m 7.32 0.0 organic aat enal 
3.20 10.5 4.3 0.311 7.2~ 0.0 clay 
3.30 10.9 5.0 0.34~ s.e& 0.0 cia~· 

3.40 11.2 3.9 c ,27(t E.e~ 0.0 cia~ 

:i.SO U.S u <•.Z35 Ull 0.0 c!a, 

3.60 11.8 u 0.231 ;.87 0.0 clay 
3.70 12. I t.3 0.221 5.15 0.0 clay 
3.60 12.5 3.9 0. I!!S us c.o clay 
3,9(1 12.8 . " '-l 0.193 U:< 0.() clay 

4:ov 13.1 u 0.262 5.12 6.0 clay 

Soil 1nterpretahon reference: Roberlson & C:.,~~panella-1983, ba~d on 604 hauer efflCiency a~d .2 1 ~lid1ng dl!ta .werase 



sr::1-:?1 · :-liEFc-: :, · .,:..-~.r-o.=.. 1:.·,.0 ---·- -·- FAG£ 

[EfT II [ff Ill Tll H.ICJ!(o; H ~AIJO Hi: !hi£1J;mr· 

wters fett ('C ht r $ ~s; r~rlic : i dtg sm tYfl 

u~ 13.5 5.:1 (1.~ S.i~ 0.0 clay 
~ .2(• 1:i.E 5.! 6.Ji~ t.OS o.o clay 
4 .3(1 lU L.! G.:"'J u:; G.!i clay 
~.~~ 11.4 u 6.~1~ U!E u.C! c)~ 

~.so 1U 7.~ v.W• 5.7• (1,(1 cl~y 

4 .6(• 15. j u {lj9!, S.i~ 0.() day 

~.7v 15.~ 5.~. o.~s\,1 c ~, 
-.~ ...... C•.n clay 

, • E I I~. 7 r ., 
••• 

'>(:" u •••• ~ r· 
~·-

!1.0 c!~~ 

~ .s;· I (.I •• ,I (1 ?C. ..... G.~ I (· (• etc~ 

uo 1&.~ d (o./f~ c s· ,, . o.v cia; 

S.hl J~.i u l·.~ .. l ... 9! (J.(' clar 
£..:it 17.: ... r. ~ .. ,... 

I, • j•o 
:' • r ., ... !J.O tla • 

5.){1 J7 .~ u 0.~:: t .1~ o.r' tl~)' 

s.~c: 17.i J.S IJ.~ .. : S.iO 0.0 org~n1c •ate'!bl 
S.St• te.c· s.e (l.~,t i.6~ O.l' cit• 

5.60 10.~ a 1 
~ .. c,c;,; 6.01 o.o cia:' 

S.7tl 18.7 e.~ ". •n s.~r· G.C• cla~· 

s.~J !9.r. i.9 o ... :c t' "' ..~.J ... 0.0 cla)o 

5.9!1 1!1. ~ 9.6 (• .. :: . "3 .... 0.0 cia~· 

6.00 19.7 i.7 0.371 U2 0.0 cia~ 

6.10 20.(1 6.2 G.2S7 4.12 0.0 clay 
6.20 20.3 5.8 0.196 3.38 0.0 cley 
6.30 20.7 5.5 0.1:\ 2.78 0.0 dey 

6.40 21.0 1.~ 0.323 U6 o.o cl~ 

6.50 21.3 9.9 0.375 :us O.CI cla:, 

6.60 21.7 10.8 o.~E~ uo 0.0 clay 
6.70 22.0 8.4 0,446 5.34 0.0 cl~ 

6 .ll<l 22.3 10.6 0.51& us O.G clay 
t.90 22.( 8.1 0.3~~ 6 ,0(1 0.0 dey 

-~~ I •• :!M &.7 0 .J~; 2.31 0.0 silty clay tc cloy 
i .10 "" 'l i.J . .. 5.11 (1.0~· I.Fi 0.0 silty cla:· to cl~;· 

~ ~o 23.!; • r o.1os 1.96 0.(1 ~II ty clay to cl a~ ... !).J 
~3\1 
I •• 23.9 5.5 0.097 1.77 0.0 silty clay t~ clay 
i.40 [i,.3 ~.s v.J«<, J r.r .J,. 0.0 clev 

7.S~ 2U. r..t (·. 15~ r, :JO ... 0.(1 silty cla: t~ ell!>' 
j .61) 2U 6.5 0.1:1 1.88 0.0 51 lty cia~ to clcJY 

i.70 25.~ 8.7 O.H~ 1.77 0.0 silty cia~ to cley 

7.80 2S.E 5.9 O.L3: 2.J~ 0.0 si It~· ell!)• to clay 

7.50 25.9 S.4 o.m 2.2'1 0.0 clayey silt tQ ~ilty clar 

8.00 26.: s.e (c,Ji)~ 1.69 0.0 clayey silt to silty cloy 

8.10 26.( 10.£ (i .1 ~~ u: 0.0 clayty ~ilt to ~slty clay 

IUO '{ ~ IU • "'C'"' " .. 6.C clayey sil: tc $ilt~ ciay 
L ·• ~~-"-~-' :..:. ... 

s.3u ri.l 1l.i f•.q: 3.~1 (1,{1 ~1ltv rlt! to clay 

8.40 2i.6 14.\ 0.6i' •• 6& 6.u clay 

e.so 27.2 ·- c: . ' .. 1.00! S.fO 0.(1 clar 

6.6G 26.~ 1~.~ !.m c ~~ ........ 6.11 c:a~-

8.iC ze.~ 16.f. ., sJ: L -
r •c 
.,1 .t! .. · (1.(1 da} 

8.SC i:B. Cj 15.1 (1.90: S.7E 0.0 cia~ 

8.!KI 29.2 J6 .i 0. ill Uli 0.0 cltoy 

9.00 29.5 15.1 o.m U9 0.0 clay 

Soil 1nterpN:tation N:ferenc:e: ~ctlerbon I Cupanell~1983, lmed 011 601 hauer eff1ti_., end .~ • sliding data allfrtge 



Sl\t•-9 l 

OEPlH O!:Pltl ur ill CliO.. n ... ::: 1/:t ltmRPPHH 

wter~ fett !k bt r~ t~! fs/~ : I des SOIL TYFE 

9.J(l 2:1.~ JS.f. o.s::J . ,. 
J •• ·' 0.0 s1ltv clay to clay 

s.;o 3(· .:: IS.~ o.s~:; 
... O.tl 5ilti clay to clay : ... " 

9.3(1 30.5 Jt.l ti.S~5 ... (1,(1 s1lty clay t~ clay 
9.40 30.£ l&.C 11.m ... ~s 0.0 clay 
9.50 3' ? ... l~.(l 0.793 ~ :? 0.(1 clay 
9 .Ef! 3' • ... !9.: v.74r. :.-' 0.( 5ilty clay to clar 
~. f't• ?· • 

.),h 1~.: 0.7;: .. o.r· ~ilty clay to clav 
9.&1 ...... "\ s:; : . c· .. r ciayt~ slit to 5Jltv cl~· J .... . .... ;. .... 
5.90 3; .! lE.O u.s:£ [1.(1 clayey 5ilt to ~ilty cla~ 

10.00 '~" (. E.£ v. ~~: 
. -. (;,!) ciayey silt to silty clav ... 

Ju.Ju J:. i 1~.: 0.4\1: .. • •• ·I [1, (I ~i lty clav to tla)' 

(r-.20 ~,. ~ i ~ . C.<t~· {• .(1 clav ........ 
10.30 :r . I \I •• (·.": 7 . :,. 

'· ,(1 cia~ .:.t ... 
liJ. 40 3't.l S.t (• -;""q . " C•.O silty clay to clay ..... .. . ... J 

H•.SQ 3-. ·' - ~ I • • o.n: ~. -; u clay 
h).S(i :;~ .E H•.E r •. :M ,. ..,. .. , 0.(1 clay ... LL 

10.7(1 35.1 lll.: (1.317 . -_! 0 \If O.C• silty clay to clay 
I (1 .811 j5.~ H•.~ 0.3)1 ; ':[ 0.0 silty clay to tidy 
10.90 :iS.F 10.(• 0.255 ~.s, 0.0 si 1 ty clay to clay 
11.00 36.1 5.2 0.7,5 l:.65 0.0 silty clay to clay 
11.10 36.~ 8.3 0.218 • 6" ~. J 0.0 silty clay to clay 
11.70 3£.i 6.S 0 .20<\ :.28 0.0 silty clay to clay 
11.30 37.! IU o.m :.e9 0.0 clay 
11.40 37.4 16.8 1.2iiS - '8 ... 0.0 clay 
11.50 37.7 22.9 0.573 ~.Sl o.o silty clay to clay 
I !.GO 38.1 8.5 o.m ::.91 0.0 clayey silt to 5ilty clay 
11.70 38.~ IU 0.295 ! .61 0.0 clayey sil t to silty clay 
li.EO 3.q, 7 17.€ 0.35' ! .se 0.0 sandy silt to clayey silt 
11.90 39.(1 ~s , ••• CI.S:S ~.(liJ (1.0 clay~y silt to silty clay 
12.0\1 33.4 s.~ (•.417 '".41 0.() clayey silt to silty clay 
JUO 39.7 3j.~ 0.610 u: CI.O clayey silt to silty clay 
1£.20 ~0.(• 15.~ 0.651 , .•5 0.0 clayey silt to silty clay 
JUO ~0.~ "":" ': ..... C. Slill '· 05 '-• 0.0 clayey silt to silty cia~· 
12.40 ~(1.1 1~.5 0.35\t :.~1 0.~ clayey silt to silty clay 
12.50 ~1.0 2q,£ r•.&J• . 4 

--~- 0.0 clayty silt to silty clay 
12 .&0 H.3 4"' 't l •• 1.17: :.i7 0.0 7 
12.70 ~J.j 1(~.6 ? 'i 0.0 ? 

So1l interpretation r~frrence: ~ot·t·tson ' Caapanella-1983, based on 60% hatter efficier.ty ano .~ c !iid1ng date t•~•cge 



SOUNDING DRfA IN FILE SND-91 96-26-94 19:29 
OPERATOR : S.UAN LOCATION : P-1/BFC-~C HO 

CLIENT : UES JOB No, : DAC~39-94-H-5062 

Vandehey Soil Exploration 
49695 Nw Pacific Ave, Banks, Oregon. 97196 (593) 324 3261 
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SOUNDING DATA IH FILE SHD-91 06-26-94 19:2Q 
OPERATOR : S.VAH LOCATION : P-1/BrC-MC HO cu EtH : ms JOB No, : DAC~39-94-M-5062 

Vandehey Soil Ex~ l ofat ion 
40695 Nw Pacific Ave . Banks, Oreyon. 97196 (593) 324 3261 
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SOUNDING DATA IN FILE SHD-91 ~6-26-94 19:29 
OPERATOR : S . U~N LOCATION : P-1/BFC-KC HO 

CliENT : ~ES JOB No, : DACU39-94-H-5062 

Vandehey Soil Explofat ton 
49695 Nw Pacific Ave. Banks, O~egon. 97106 (503) 324 3261 
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t\ I ~~~,.~.1 .• \ ·• ' t.r \ ~ . " . ..· ~ .. 
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SOUHDING DATA IN FILE SHD-91 96-26-94 19:29 
OPERATOR : S.UAH LOCATION : P-1/BFC-HC HO 

CLIEHT : ~ES JOll No. : DACH39-94-H-5~62 

Vandehey Soil Explo~at ion 
4~695 Nw Pacific Ave. Banks/ Ox~egon. 97196 (593) 324 3261 

5.99 INC I deg versus DEPTH H l 

4.90 

I -·'f-3.00 
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1.Q0 I - ~ ... -- ·----· --
. - .. - ··-· )n'MipR 1 .. 

' 0.00 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



SOUHDIHG DnfA IN FILE SHD-91 Q6-26-94 19:2Q 
OPERATOR : S.UnH LOCATION : P-1/BFC-~C HO 

CLIENT : ~ES JOB No. : DAC~39-94-H-5062 

Uande}~y Soil Explotltion 
4~695 Nw Padfic A ,;~ . Banks ~ Oregon. 97Hl6 (593) 324 3261 
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SCPT P-2 



Va n d e h e 

-~ 
OJ 
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I 
1-
a. 
w 
Cl 
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Souno1ng . SN0102 

C11ent . WES . 

COOE PR£~ 
Oc (Ton/tt•2l 
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15 
) 

) 
30 

. 
I 

\. 
. . 

. 
.(5 

y So l 

Pg 1 I 1 

SlEEVE fRJCUOO 
Fs (Ton/tt•2l 

l Ex p l 
CPT Date 06-29-94 19: 46 

Locet1on : P-2/BFC-KC MO 

JoD No . • OACW39-94-M-5062 . 
fRJCTJOH RAllO 

Fs/0 lXI 
JI(TE~ED 

PROFILE 

0 2.5 
0+-...__ ......................... -1 o~-----. 

15-

30 30 30 

-45 

60 60.&.------' 

Depth Increment .1m Hex Depth· 37.73 ft 



RUUNDlNG UATA :th F!LE SN0102 06-29 9~ 19:48 

OPERATOR S. VAt-! LOCATION · P-2/BFC-KC MO 

CLIENT WES JOB No. · OACW39-94-M-5062 

[1£f'l'to P£~W TJf rmm" ~; P!\TH' )!IC nnmmE£• 
ltrt• ~ ret• lie I~· ~~ ;! ... : ~/Oc : I deg SOJL rm 

{' ~~. l.f , ·• ~ 

' '· 71~ 3.lf o.J ' L~ • t' • ... 
'· . f •.•• : .(• !~.- ( -..... 

.,, 1 I 1., 3 Q• • .;J (J. J !>ilty clay ro clay 
1. i~· 

.. ... ~ l·.C 0.5.,~ ~· ~·f 

..~. t. i O.l silty clay to clay 
I .E·"• : .~ 11.- f. , •• ...... ':· C':' 

....,.,~ .. 0 .l claye~· silt to silty cia;· 
\' .~i j,f Jl.f 'J. 3~~ 

,_. r: 
(J. J cl aye)! ~1lt to s1l r~· c I a:• ........ _ . ( . J. it) ~.~ , .. £ . . ~.7t< J.n (\.! clayey ~il t to sdt;· clay 

l.lD :J.f L~ -~ (i . 7t~, 'i (·~ ,.), ... 0.1 cla~y silt to s1lty cl~y 
!.2~ ~.~ !i.~ Q.5~: J .,-·~~ 0.1 clayey silt to silty cla~ 
1.~=· q,: 2J.:. 0.6T :. 7J 0.1 sandy ~ilt to cl~}oey ~1ll 
!. .. c ... E 51.5 u: 1.79 0.1 silty sand to sand;• si! t 
!.50 ··~ 56.t c .., • •• lo· (•.66 0.1 silty sand to sandy si It 
J.6v S.2 IlL" Cr.321 !.iS 0.1 sandy silt to clayey sslt 
l. 7Co 5.6 12.1 0.2T l.Bi 0.1 cl~y silt to silty clay 
uo 5.9 II. 7 0.29S 2.53 0.1 cl~y silt to silty clay 
J.~· 6.2 13.2 0.35~ 2.71 0.1 clayey silt to silty cl~y 
z.oo 6.E 1~.7 o.~o: 2.9% 0.1 silty clay to clay 
:.10 6.9 J2.{i 0.~1~ 3.27 0.1 silty clay to clay 
2.20 7.2 14.2 0.~5(j 3.17 0.1 silty clay to clay 
uo 7.5 lq .6 o.m 3.21 0.1 5ilty clay to clay 
~-~0 7.S 13.~ o.m 3.02 0.1 silty clay to clay 
•. 5(1 ··- B ., 13.: 0.35: 7.9& O.l silty clay to clay 
" tl 
&. ·-' 

B.: ll.S 0 .~7l :.~:l 0.1 silty clay to clay 
:. 7l1 u !U UK ~ .&1 0.1 silty clay to cla>• 
:.eil 9.2 9.9 G.3<~{· 3.42 0 .J silty clay to clay 
1.90 B 1(\.6 0.33E 3.18 0.1 silty clay to clay 
3.00 9.6 9.C 0:27q 2.79 0.1 silty clay to clay 
3.!0 JO.i 10.: 0.~~ z.s~ 0. J silty clay to cla>' 
3.20 10.5 P.6 o.m H9 u. I silty clay to clay 
3.30 IG.e ~.( Ci.!BE 2.47 0.1 silty clay to clay 
:.~0 '1" I ·- £.& O.G£~ ue 0.1 silty clay to clay 
:;.so 1!.5 6.£. (r.l(~ 1.51 0.! serrsitive fine grasned 
j,&(o 11.8 S.i o.u6~ l.IB 0.1 sensitive fine grained 
3.70 1:' .J &.1 0 ,(\": 1.19 O.J sensitive fine grained 
3.8(• .• c 

1~.- " .. t .• (1.!2t 2" .• .. ·t (l " •L silty cl~1 to cia~ 
:.% IZ.S &.? O.fiS: J.J.'• 0. I ~nsit1ve fine grained 
~.00 13.1 6.:i (i.OSE 1.36 0.1 sensitsve fine gran1ed 
uu '3 ~ I • • i.~ o.os: 1.24 0.1 clayey silt to silty cia~· 
~.:o 13.£! i .I \L!:~ 1.76 0.1 sHty clay to clay 
..:J(! IU c -

• • I 6.CJS: l.£5 0.1 ss1ty cl~; to clay 
... 40 14.4 t.G 0.13! 2.19 ().I silty clay to clay 

Soil 1nterpretat1on reference: ~~~rbon l Ca.panella-1983, based on Si)l hat11er efflcJtnc~· 3nd .7 1 slidi119 acta average 



cl- • -0 ~. 'J t - . r-- .-::-c-1·- t•-• • - c... • ·-

t,S{I 1~.8 

4 .Sl"• 15.1 
~ .i(l 15.~ 

dO J5.i 
• 9 .. , 16.! 
s.w 16.' 
~ I' •r • ,.. •• o.· JL. o I 

:' '"', I.. f 
~ ol • It • 

~.!I 

~. ·•) 
- r 
~-"" 

I" • J • ., 

li. i 
!8 .t· 
te. 1 

;.7v !E.'i - ., 
:- 0 t· !S.u 
r ~,, 
..~ ... ,;. 1S .~ 

IS.7 
i.IO 2<i.C• 
t.~ 20-J 
f.. :J.j 1(1.1 

£:.•u 
£,.50 

6.60 
uo 
6.60 
E.So 
7.00 
7.10 
.. '"' I,LV 

i.3~ 

21.u 
21.3 
21.7 
22.0 
72.3 
22.£ 
23.0 
23.3 
23.6 
23.9 

i.-.(• :~.J 

i.~<• 2U 
7.~n ~:,.s 

i.7l1 25.3 
7 .8(• 
i.9~ 

8.0'J 
S.JO 

or 6 .... 
25.~ 

26.l 
!U 

e.~() n.r. 
6.5(• Zi .S 
e.6& 28.2 
e.7(1 2s.s 
6.(it1 28.~ 

t.90 29.2 
~ .00 29.5 
~ .lll 19.~ 

9.20 30.2 
S.:lf• 30.~ 

9.~0 30.8 

6.(1 
u 
u 
E..5 
i.7 
9 .• -( t .. 

- . . . ... 
. " t.L 

- .. 
I • 0 

t .t· -~ ' . ,..• 
i.4 
7.f 
7.5 
i.S 
E.~ 

s.~ 

S.2 
10.~ 

10.5 
9.7 

10.0 

9.~ 

9.6 
~.0 

; .I 
£.2 
... s 
u 
u 
~.& 

i.! 
~.& 

13.~ 

!•.5 
13.6 
!~.2 

!3.E 
H.2 
!i.E 
16. j 
IU 
12. I 
h.E 
16.1 
17 .I 

mn::•. n f4'JO 
r! t~:- r~ lc~ • 

C.JS(I 
0 .J:l• 
(1.115 
li.l~ii 

0 .lt:S 
u.2ii• 
C•.:~~ 
,. .. ,. 
ll .. • : 

it ,O", 
l'j .! 1 ~ 
(:.19~ 

v.J:il 
C ·.~, 0\" 

fi.Oi~ 

v. i!~ 
(o.l ()£ 
0 .(152 
u.C•2~ 

O.i•7C• 
0.10. 
0.131:1 
O.ICI 
0.105 
0.!.0 
(i.16• 
0.15~ 

O.l29 
0.155 
0.170 

u.2vv 
ll.:Jiil 
0.07~ 

O.H3 
0.13~ 

O.OB9 
IU i9 
UZR 
0.579 
I. -·G \.'.I .... ~ 

o.m 
0.687 

0-611 
O.SSi 
0 5";~ . -· 
0.&22 
o.:;o; 

0.~ 

o.-61 
o.m 

7.~ 

I. i!' 
: .Ji. 
::.It 
u: 

l.l2 
I ~ -... l 

u• 
1.~6 

l.lL 
0.119 
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5.e:: 
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~.:It 
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4.46 
't.2! 
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3 -, .I. 
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~.ee 
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Q.J 
G.! 
(1,! 

Q.l 
II. J 
0 .I 
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(J.! 

• ,. . .... 

;~itaf.[T(! 

~It THt: 

silty clay tJ clay 
silty cia~· t~ cloy 
si J ty c!t>' t~ cJ ay 
:~i I ty cia; t~ cia,• 
silty clay w cia)' 
sll ty cla:1 t~ clay 
~1lty cia,· t~ clt< 
silty cl"y ta cia,· 

(•.! ser.sltJ •Je tn·t grc: oec 
~.1 silt~ cla~ ta clav 
0 .l silt>• tl3}' t:· d~;· 
C.! clayey silr tli silt:,' :lo~ 
~~ .: !-er:: i r i Vf tl :1E- ~,a; nrd 
c .I st051tloe i':rot sr~lr~~ 
t1.: cla-;ey silt to ~1lt;:t ::•e,-
0.! claye~· si!i: i:o ~iltl' clc:~ 
(•.l clay't;l silt tt> ~iity ell!/ 
(J.J cla~·tv slit to silty claJ 
C.! clayey silt to ~ilty cle f' 

0.1 cl~t ~ilt to ~1lty cia~ 
0.1 clayey silt to ~ilty cloy 
0.1 clayey silt to silty clay 
0.1 cla~y slit to silty cley 
0.1 clayey silt to silty cia: 
0.1 clayey ~ilt to silty cia• 

0.1 clayey :~ilt to silty cia~ 
0.1 clayey silt to 6ilty ciay 
0.1 clayey silt tc silty clay 
0.1 silty clay to cla~· 
0.1 clay 
(,J 

G.l 
~ .1 

G.l 
0.1 
0.! 
0.1 
G.! 
(•.! 

G.l 

0.1 

cla~· 
clay 
clay 
Cl·v 0, 

clay 
silt~· clc>' to cla;· 

clay 
clav 
rla ~ 

clay 

cia-, 
clay 

0.1 ~ilty ci~i :~ cl~: 

0.! silty cl~y to ci,, 
0.1 ~lty cia~· to clay 
0.1 silty tl6y to ~lay 
0.2 clayey ~!It to $Jity tlai' 
0.~ clayey silt u. s!lty cltt 
0.~ clayey 5ilt t~ ~ilty ci~: 
0.2 clayey silt to silty clay 

Soil 1nterpretahon referenct: Robertson l Caapanellr1983, basell en 601 haMer efflCJercy and .2 • sliding dau liVer~ 



S: 'D I 11'' ... . ·~ 
!'trlli {ltf i~ nr fF.Jcr !r•. •c •• Fit7i: IIIC JNTrrmm 

•tters ftet Qc tsf F: ••• .. f!:'Qc ~ ! deg SOIL TYH 

9.5{1 3l.~ 10.1 U5l• 3 ~-. .'t\ 0.2 cla1-ey silt ttl s1lty cla1· 

5.&0 :l' c I ' ... • IU 0 ~. 
.~1: 4.0:: 0.2 ~i tty clay to cle·: 

!:UO 3!.£ u {•.:!J: " f" .!. 0.7 cley 

9.EO 3" • 
<1. .!.. 8.5 (1,2(,: ~.~l 0.2 ~ilty cia)• tc. cia;· 

9.9\1 32.S 65 (•. ~~~ 2 (:" 0.2 ~i lty cla~ ttl de: 

IO.Ii{• ~2.~ £.1 D.Z!(I 3. ; .. (1,2 clay 

1(• .H• ~:.! S.f, \1 .J~:. 
r, "":·'• 0.2 cla; ......... 

1!•.7(· 'l' . ..... ... 6.• l' • ~.;: o.: cl~i 

1\•.~(1 
... .. ' ... -~ l .\' 

' . J."' 0.~ cle:: '·' ...... ~ 
lt•.40 • .. , ... ! e .i I '&, '"': 3.E: 0 " .L clay 
JCo. 5(1 :, ... ~ &.r '" \ . - :·' ,j .. 0.2 cl~~ 

H•.~'' :{ .... ' 7.~ f .. :;: :.s~ (1.2 'ilty clay ttl da: 
E: ·,·,·, ,. • 7,_ . - --· 0 ? ~Jity cl&)' TO cJ~: ~:.. ~ ..... ._.: ' .. 
ll .s~ :?S.• ~ ~ .. " i :.~ ....... ~ " r• 

'".~ ' \1.~ ~ilty ciay to cir.1 

1 ~.9oJ -- ' J~· ... - 4 (. !r.:t:S :.f-_ (i.:' )i!ty clay ttl cle, 
ll.OC• 3E.: - 'I ... (I,J"- : .G\·· 0.2 ~llty clay t~ clo/ 
! l. J(l 

.. 9.1 c-- ? ,,. 0.2 dlty cl~;o teo clay ... · ;.~ ( __ ...... -."' 
Jj • iii Jr.; e.; li .}rr: 3.5~ 0.1 cl~y 

JUO 37. 1 Ju.L t~ ':t. .., 'r ..),_t. 0.2 cJ~ty si It to si I ti' ell', 
ll. ~fj 37.-, 26.i l•.6r·! 2.£5 0.2 1 
JJ.SO 31.1 105.~ ? '1 0.2 ? 

Soil interpretation referer.ce: ~obert:5on i Ca.panella-1983, based on 60% hi:Ner effitlell!:y and .2 • slid1ns ~ta average 



SOUNDl~G DOT~ IN FILE SND102 06-29-94 19:48 
OPERATOR : s I VAtl LOCATION : P-2/BFC-~C HO 

CLI EtH : I~[S JOB No, : DACU39-94-H-5062 

Vandehey Soil [xylui\~tioll 
49695 ~w Pacific Ave. Banks, O~egon. 97196 (503) 324 3261 
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SOUNDING DATA IIi FILE StiD102 06-29-94 19:48 
OPERATOR : S. Urtl{ LOCATION : P-2/BFC-KC HO 

CLIENT : ~ES JOB Ho. : DAC~39-94-H-5062 

Vandehey Soil Exploflt ion 
49695 Nw Pacif ic Rve , U~nks1 O~egon. 97106 (593) 324 3261 
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SOUNDING DATA lN fiLE SHD192 96-29-94 19:48 
OPERATOR : S.VAH LOCATION : P-2/BFC-MC HO 

CLIENT : ~[S JOB No. : DAC~39-94-H-5962 

Uandehey Soil ExploFlt ton 
40695 Uw Padfic Ave . Banks~ Or·egon, 97196 (593) 324 3261 
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SOUNDING DATA IN fiLE StiD102 06-29··94 19:48 
OPERATOR : S .IJAN LOC1H ION : P-2/BFC-KC HO 

CLIENT : UES JOB No. : DAC~39-94-H-5362 

Uandehey Soil Exploration 
49695 Nw Pacific Ave. Banks, O~egon. 97196 (503) 324 3261 
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SOUtmiNG DAHl It~ fiLl SBD102 ~6-29-94 19:48 
OPERATOR : S .IJOI~ LOCATIOtl : P-2/BFC-KC Mv 

cu £NT : l:£s JOB No, : DAC~39-94-H-506~ 
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49695 Hw Pacific Aue . Banks, Oregon. 97106 (593) 324 3261 
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SCPT P-3 
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n d e h e 
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Client . WES . 

y So l l Ex p l 
CPT Oate . 06-30-94 16: 16 . 

Pg 1 I 1 Location . P-3/ BFC-KC MO . 
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Fe (lon/tt•2l 
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SOUNDING DATA 1~ ~lLE S N0 106 06- 30-94 J6:JG 

OPERATOR S.VAN LOCAT I ON - P 3/BFC-KC MO 

CLI ENT wcs .JOB No. · OACW39-94 - M-5062 

V~ndE-he-y SOJ 1 E·.;plcn•t.Jc•n 
· n- "'" t' "" r· · E 1 Ct Q71 06 c ~.os > :.,._ ... ?~t.J <. t l ,:,,_. •'-' r CJ•: l 1 c /".V-:!. .an .;; , regon. ~ - - -

[t[flt: f0:f111 il- fF H'i: ~t. f~ ~~i;[l JHr IIHEP'~[Tff' 

'-~ter! r ~r~ c. t~t F c. tc:· t~:;.,c l i deg son TYH 

0.5(, ' J.:. !:•. :! ~·.: ..... 2 .~fj 1)' :1 • 

(•.[1' •. r s.~ II.·. - ~./0 0.3 ~i lty cia~ t11 r Ja~· .. ··' 
(\ , i0 •• It . • " .. J.B' (t,l clavry ~ilt to silty rli' . ... '.' 
~ . f•• " -l.C 17. i (· "~':.~ .. "". !.59 0 . l clayey silt to ~llty cl~:· 
(: _!;il ~.C• ?\·.~ 

--) 
ll.t. - ·-.,1, t;: (J. J tlaye) silt to silt~ cl~;· 

1.6 "• ':. 17.2 n.Si-- :'.93 O.l clayt'y si It to silty cl~:· ...... 
1.1•. :l.( ,., ' ... {1.J:: :! . (t!'t 0.1 silty clay to cl~y 

' . :~· :.9 I' ' . -0 0 .... 
it, t. ~=- 1.ES 0.1 ciay 

U \i ~ .. .. Jl: .f b.57] o.5~ O.J cay 

1.40 • .& s.s o ..... ; 5.0! 0.1 clay 

1.50 4.5 10.7 (Ut.\ u~ O.J cley 

uo 5.2 13.8 0.52~ 3.80 0.1 cley 

J.70 5.& 1~.C• 0.5{;(1 3.74 0.1 aiJ ty clll\l to clay 

1.80 5.9 16.0 o.E~- ~.08 0.1 silty clay to clay 

1.90 6.~ 16.£1 {t.;~:. 3.72 0.1 silty clay to ell!)• 

2.00 G.S 12.6 O.Sli uo 0 .I clay 

2.10 6.9 11.5 0.5'•! u' 0.1 clal' 

:!.20 7.7 IO.Z 0.~73 us 0.1 tlay 

2 .:¥.• 7.~ f..i {t .~'~f 5. 7(1 0.1 cia~· 

t'.4~ i.S ~.I (t,lf~ 'I ... ! - (l. I clay 

? .9.• s .. .t ~ -
• ' I C•.m 3.~2 0. J ell!~· 

2.6(1 6.~ c -• . I r, .:s: i.,qf 0.1 cley 

2.7u s.~ t..B (i,~O:.~ 3.6~ 0.1 clay 

'1 6•• L • • 5.t (.7 (I.!~S 3.2Q I) .1 clay 
250 9.5 s.r. (1 ~ .. : . ' 3.07 0 .I clay 

3.00 s.e u !\ ,. ... 
lj . . • "" '•u. 

"·' 0.1 cia~· 

3.10 10.2 u (l.lf• 2.S7 O.l clay 
3.20 lv.5 ~.! Cr,js-' 3.07 0.1 clay 

3.30 lU u (!.J ·- 3.1P O.l cia~· 

3.40 11.7 u r,, !:.1 U4 O.l clay 

3.50 11.5 5 " oL (\ . JS2 :u~ 0.1 clay 

3.&•) 1!.& 'i.6 (• :;: .. ". 2.63 0.! clay 

3.70 JZ .1 5.£. il.!::. : .Je 0.1 silty clay to cley 

3.1liJ 11.5 U i v , .. ... ': ua 0.1 silty cley to clay 

3.90 l:.s 5.3 o.Jr.: 2.('16 0.1 clay 

4.00 !3.1 ~ ,, 
.I !Lifo: 2.~{ 11 .I cia>' 

U(l !3.5 \ ,, ( . -. . ~ 
I '\,..~ 2.01i 0.1 silty cla~ t~ clay 

uo 13.6 s.! 0.05• 1.93 0.1 silt~ clay to clay 

UQ IU u (t.fi! !.5(1 !1.1 sensitive f1nr gra1ned 
4.40 IU ~.s ~.();;: 1.50 0 .I sensi bve flne grcnne11 

Soil interpretation referrnce: Robertson t l:atf>anelle-1983, ba5ed on 601 IIM.er efficiency and .2 1 shding data averagt 
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9.00 79.5 9.5 (o,?V; 

9.10 79.S 11.li ca.~t.t 

9.20 30.2 15.6 o.~l~ 

9.30 30.5 19.6 o.m 
9.40 30.8 20.7 0.886 

;; fr.ilC 
r ~r~,~e l 

J c• ..... 
J./t 
LJ~ 

1.£.8 
I. il 
l.~s 
• •e . .... 
),~OJ 

Ui 
7.fl 

•• 7 ,. ..... , 
L .. tt 

l.Ol 
1.3& 
!.{\~ 

1.rc 
! .{•6 
1.1~ 

1.29 
2.30 
1.36 
1.16 
I.J3 
I.BS 
J.!IG 
1.81 
z.o; 
l.i:l 
1.76 
., e~ 
' ' I 

2 .~1) 
L84 
l .f.~ 
1.~5 

l ,(1~ 

u: 
l. il 
: .(•6 
2.2£ 
<.5~ 

:.~1 
't 1"' ~ - t 

1.51 
z.•J 
~ .:n> 
uo 
7.~ 

2.58 
u~ 

U8 

. . 6--,·-=- i(: !6 

1~ 11/IDfJHfD 
j ~~ SOIL lYrE 

0.1 ~~itivr f1ror gr1i11td 
0.1 ~ens1tivr hllf ~~~~ 
0.1 ~~~SJti~~t fur f'IJntd 
Cl .I un:1tillf hnr ttrtinrd 
0. J ~~~ i t1vr f1ne ~~i~d 
il. J !t~~iti~·e f lnt s·•n~~ 
I• •! !!r.::t:Vf hfte 9ra1rtJ 
(1,! ~r~1b11t flnt g•an.e~ 
~.! ~1Jty cJa~ t o cl~: 
~.I ~lit~ ci~; t o clay 
(\ .l ~il ry cia ~ tp clay 
1'1.1 ~: !t:. clay tto cl&y 
(\. J ~fn~ i tivr flnr !.l'l'H·td 
(1, l 5~n~ltilll' fint ~I I rote 

r. .I srnsitivr f1nr graJntd 
~. l ~~itivr f ine ~raint: 
r..J st~ltJIIt fsnr gr1i~~ec! 
0. l sensitivr fine praird 
0.1 sell5itive f1w gr1inrd 
0.1 ailty ell!' to ell!' 
0.2 5e11Sitive fine gr1iwd 
0.2 seiiSitive fine pained 
o.: rl~ !ilt t~ ! ilt y clay 
~.2 cl~yey silt to !ilty ci•y 
0.2 cl~yey silt to ai lty clay 
0.2 cll)rey si It to ailty clay 
0.2 clayey silt to silty clay 
c-.7 cleyey ~ilt to silty c!~t 
(•.? silt)' cla'' tt cl~y 
r..: silt~ clay to cl•~ 
(1.7 ~iltl' cley to chw 
0.2 si lty cl~· to cl11y 
0.1 dayry silt tt> ~ilt,' rlal' 
(•.2 clayey silt to s1lty clay 
0.2 sensitivr fint gr1inrd 
(\ .. •• cleyey silt to silty cl~ 
~.? ~ilt~ cley tP cl~ty 
v .. •• s1lty tley to clay 
0.2 Silt)' city t~ ell)' 

0.1 !i lty dey t o cley 
~.:• ~1 l ty dt;• to cley 
0.3 silty cl~· to clay 
0.3 silty cliiV to diY 
0.3 l:oilty ell!' to dl)l 
u.2 allty ell)' to city 
O.i cl~yey silt to si lty city 
o.:; cl~yey silt to silty clay 
0,2 d~yey silt to silty clay 
0.7 silty c:ll)' to city 
0.2 silty ell!' to ell!' 

Sail inliip;etltilll ttftrr~Ct : ~ I t.pneJJ~J!II3, ._.., 111 ~ '•m rfficie~ey llld .2 e alidill diU MOer• 



SND I ur;. f-3iEFC -1 '1' r·it' 

L(PTH ll£m TJ~ Fli!CTIU'· H PAT!(l 

~~ettr: teet Qc ht Fs t! .. Fs/Qc % 

~8· 31.~ ?[•.~ (•.f.). J.9:t 

s.r~ 3:.5 10.• ''· ;:: ~.ss 

~ .7( :tU 71.~ u:-- !.99 
S.f1 ~~ ' .... . .. IS.S ~ t~ 1 .......... 2.99 
C( (tr, .. . . ' -~ c ~ ....... Zl1.J f-."•7 '· £,~ ,J. .. 

li~ .f' l 
" ) . 
~- .c tr•.3 ' .. · .. ,. J.S& 

F•.JIJ :<3 .I 16.0 " ... . ... ...... •. 5i• 
~ .. 

I (I.:·, , j t' .j. 0 .J I" ' 4~::- • .:. ti. c.:~ , 9" . ' 

)(1.:r• ~:~J l~. 1 ti '--. . : .f,9 
lit .;. " J• .! 15.~ (· ... :: , Q 

"-•-'" 

h.h j ... , J3.9 f • :-- :.-.5 
I!•.E!t 3d I (J .'1 (J. ~· ~ .... 
10. 71• 3S.l ll.S o.::: U! 
IO.H• 35.~ !0.~ 

0 ,..,. 
• L~ .. ;'.09 

IO.S'• 3U &.3 o.r:-; 1.06 
11 . n·. 3E.l f..£. () •.. . ...... . ?.55 
ll.HI 36.4 !0.9 u ~~~ .... .. z.oz 
I 1.2(· 36.7 11.3 0 .1Sc 1.75 
11.30 37 .I 11.8 O.IE~ uo 
II.~ 3U I 5 .I O.SUI 3.32 
II. SO 11.1 27.Q 0.73£ 0.87 
11.&0 38.1 10.8 0.311> 2.92 
JJ. i(• :18., 13.3 0 , •• J.(\4 .. . ... .. . 
I 1.611 38.7 11.6 O.ISS 1.3~ 

Jl.~ 39.0 7.~ 0,0(:7 0.91 
12.00 39.~ 8.5 0 .(of; 0.77 
J2, )(1 'l<'" ... 1 6~.~ Cl.it:" 0.0~ 

!2. 2l· \0.'1 l~j.2 ? 

Jilt 
I deg 

0 '• -~ 

0.3 
11.3 
0.3 
fl.3 
11.3 
{1, :1 
~.3 
(1,3 
0.3 
11.3 
Q.3 
(l ,, 
-~ 

u.:~ 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.5 
c.s 
0.5 
0.5 
o.s 
0.5 
o.s 
0.5 

F .,-E I"'.;J 

nmmmr• 
SOIL T'ff£ 

si lt1• clay to cJ I'~' 
5i It!' cia~ to cl~y 

rlaytl' 5ilt to s1lty clay 
clayev silt to 51lty cl~y 

si It)• ell!!' to clay 
silry clay to cl~v 

clayeu s1lt to ~1 lty cl~t 
clayey si It to 511 h• tlil)' 
cli'!'t'l' silt to ~Jlt) ch · 
clc;,ev slit t ~ 5ilty cia;· 
clayey slit tc slltv cl11· 
ciayey silt to sil ty cl~y 
ch•ye!' silt tr· ~iltv cla:J 
clayey s1lt to silty clay 

s1lty clay t~ cla. 
si ltv clay to cia;· 

clayey silt ~ $Jlry cl~~ 
clayey s1lt to silty clay 
clayey silt to s1lty clay 
clayey 5ilt to silty clay 
sandy silt to clayey silt 
clayey silt to silty cley 
clayey silt to ~ilty clay 
clayey silt to silty clay 
clayey silt to silty clay 
silty sand to sandy s1lt 

~ 

'· 

Soil · ~n•prttl\tlC•n rrfrrenrt: Ft~oertsor. ~ ea,paneJJa-1983, l'lll~ed or. 60' hllllfr effJneror)l and .? ll slidlfiS data il\lerage 



SOUNDING DATA IN fiLE SND106 96-39-94 16:16 
OPERATOR : S,l.JAN LOCATION : P-3/BFC-HC HO 

CLIENT : ~ES JOB No. : DAC~39-94-N-5062 
Vandehey Soil Explo~at ion 
49695 Nw Pacific Ave . Banks~ Oregon. 97106 (593) 324 3261 

125 TIP Qc tsf ve~sus DEPTH H I If-

199 

75 

59 -- ·-r-t---t--t-H-t---+--f~----t---LJ 
25 

Q 

I' 
I ' j ' .-- .--- 1\ -- --

\ '· \ .· .. I -~ ·~ ~ '. .··- ~. - ... •• - .I \ .I . - ·-· --·--·· -·· .. _ .. ~.,. --...... -.- ··"·· .. - ... 
' 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



SOUNDING D~TA IH fiLE SND1~6 06-30-94 16:16 
OPERATOR : S.UAN LOCATION : P-3/BFC-~C HO 

CLIENT : ~ES JOB No. : DACU39-94-H-5062 

Vandehey Soil Explo,ation 
49695 Hw Pacific Au~. Banks, o,eyon. 97106 (593) 324 3261 

2.50 FRICTIOH fs tsf ve~sus DEPTH H -J 

T 2.0Q 

L5e I 

l.QQ 1-- ~-
~· .. _ --

i\ 

J' /', \f. 
''-~ 

,..,_ __ 
1-- -- . I 

' ,. )"t· I i '•\ .. I 

\ ..... i I ,I \ - • ,·\ .. - ~. ri ,, 
I I ·, 

~--. ./ - I \ ••J I • '·.• . .. ,••. r)\_ 
... . ·-. - -.. ~· ... ... _._ ... .• '+ 

" 

0. 59 

Q,QQ 
0 1 2 3 4 5 6 7 8 9 1~ 11 12 13 14 15 



SOUNDING DATA lH fiLE SND106 06-30-94 16:16 
OPfRATOR : S.VAII LOCATION : P-3/BfC-KC Mo 

CllENT : ~ES JOB No. : DAC~39-94-H-5Q62 

Vandehey s~il Explofation 
40695 Nw Pacific Ave . Banks, Ofegon. 97106 (503) 324 3261 

!Q f~ nnTIO fs/Qc '!. vetsus DEPTH H I 

8 

6 
.. , ! 

I 
I ' I ' . ' 
' 1 • 

~--r. 
"t·..o...:·· ... ,.... . .... Jf 0 

._.., __ 
~---· - I \ . .r 

·---- t---- ---l .. . I 

I I I I • I 

II 
} ·-·.- I I 

I 
1\ 

~\ ... ~ I I I,·~ ' /\ ;· . . ,_ 
. .I li ~ l/ I, I ' I ' ' 1.; - -\ ;- )\A )\J 'OJ\ l/ 

• ~ i -.. ·.· 
'. 

4 

2 

0 -- --- --- ll. -

Q 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



SOUNDING DATA IN riLE StfD1~6 06-39-94 16:16 
OPERATOR : S.VAN LOCATION : P-3/BFC-KC HO 

Cll ENT : WES JOB No. : DAC~39-94-H-5962 

Vandehey Soil Explo~ation 
49695 Nw Pacific Ave. Banks ~ Oregon. 97196 (5Q3) 324 3261 

5.Q0 INC I deq ve~sus DEPTH H 

4.09 

1 I 
. - T-·-. 

- -,- ---f--·--· 

I I I 
-~· --- ., _____ 

·- -· 

3.00 

2.0Q 

1.~9 -- -
r - -. 

•\ r-.. 

-9.09 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



SOUNDING DI1TA IH fiLE SND1~6 06-39-94 16:16 
OPERATOR : S.VHN LOCATION : P-3/BfC-HC HO 

CLI£NT : ~ES JOB No. : DAC~39-94-H-5062 
Vandehey Soil Explorat ion 
49695 Nw Pacific Ave. Banks, O~egon. 97196 (503) 324 3261 

I 
l_j 59 N SPT ve~sus DEPTH H 

40 

- -1--- --I I 

I ' I I 

i-- I I I 
1----·· -~-··-- -.. ·--·- ... ---· ............. 1-•- --·- --· 1--·-- - --· I 

30 

2~ 
I 
I 

·, -1 
..... , I ... ~ I I' -·---- 1.' ~- -· ·---r- . 

l ' I I 
I ··-... 1'-

L~ 
' +-.... _ . .. •. i i 

L .,.• -

J ..... ·- ·-... · -·· ... J 

I ·.· . 
. •' 

, . .... ·- ,. \ ;.··· -. .._-1-
I -· --t--· 

10 

Q . 
0 1 2 3 4 5 6 7 8 9 10 . 11 12 13 14 15 



SCPT P-4 



Vandehey Soll Expl 

t 

...... .., 
QJ 
QJ 
..... -
:r: 
~ 
a. 
UJ 
0 

Operator 
Sounding 

Client 

S.VAN 
SN0107 

: WES 

a»>E PAESSmE 
8c (Ton/ ft ·21 

Pg 1 I 1 

SLEEVE FRICTION 
Fe (Tonttt•2J 

CPT Date 
Location 

.Job No. 

06-30-9 .. 17: 42 
P-.. /BFC-KC MO 

OACW39-9 .. -M-5062 

FRICTION RATIO 
Fe/Q Ill 

INTEJIIRETED 
PROFILE 

125 0 2 .5 0 tO 
0 0+-....._..__,__'"'""""1 0-r--------, 

15 

3 3()-

. 

--
Depth Increment · . 1 111 Max Depth : 36 ... 2 tt 



SOUNDING DATA JH FILE SN0107 06-30 - 94 J7 :4? 

OPERATOR S.UAN LOCATION · P- 4/BFC- KC MO 

CLIENT · WES .JOB No. · OACW39-94 - M-5062 

V~nd.,-he-y £01 1 E"pl on•t.J on 
40(,95 Nu P!lclflc Av~<:. Banks, Oregon. 97! 11(• C~.r, :;: ; 3~L. 3~!:ol 

r-rnH r•£t tr. lJI rt.h'm·. tl FHif• p•r •• iiiTf~HfT[[· 

~tpr~ lrfi 1'1· t~! ~! .. !. fstQc ~ I deg SOiL TYft 

~ .tr· \I,~ 2.S ·(• .iJ·;~ -r-.3 .. , 0.(1 -. 
U v fl.i ~4 .t· •IJ,t)J;o -O.:t3 0.£1 ' . 
(•.~'' J.ir 3.l· -O.f!tr• -f1,?3 0.0 ' 
O. q~ t.: :.P -o .\lu: -0 _,,- (I.J ~en~1t1ve tJnf gra1r.ro 
0.50 J.( IF.O 0$• 2 .2(; O.J s1lty cia~· to elM 
(I. 611 t ,(1 h.~. 0.77~ c 'j~ .;,..,, 0.0 s!lty cle~ to cley 
O . i'~ n ~ ··- 2f, .tl c~.st.-. 2.17 0.(1 claye'' silt tc> ~ilty cJo.• 
(• .~. :.r b.f. 0 ""---~~ dS 0.0 silty r!ay to clay 
(1.~1 :1.~ 8. I !!.l'li" 2.~ 0.0 cla~ 

1.00 1 n 
v. ·-' 5.7 CI.IOZ 1.79 0.0 s1lty cia~ to clay 

1.10 3.6 13.[1 0.2119 2.09 0.0 clayey silt to silty rlav 
1.20 3.9 15.3 0.47:i 3.09 0.0 clayey silt to $ilty clay 
1.30 u 14.9 0.48? 3.24 0.0 silty clay to clay 
1.40 • .6 15.7 0.56S 3.62 G.O s1lty clay to clay 
!.50 \ .9 J3.tl 0.49(1 3.5~ O.CI s1lty clay to clay 
1.60 5.7 12.9 0.431; 3.38 0.0 silty clay to clay 
). 70 5.6 J7.S 0.35!\ ?.BS 0.0 silty clll'/ to tlay 
1.8~ 5.9 I I. I 0.386 3.H 0.0 ~ilty clay to clay 
1.9\l f .• ~ li.S (' "-·~ . .._\ ( .. 3.75 0.0 ~1lty clay to rl~; 
?.00 b.E ll.(• 0.225 " 5" L. • o.u silty clay to cia~ 
Z.JO !\.~ s.~~ 0.2f.l ~ ~:~· L. 0 .(r ~ilty cl~;· to rliw 
Z.2G 7 .t· !0.1 (t. 3\IS 3.(J6 0.1 s1lty clay to cl~; 
Z.:lO • r t • •' 9.~ (1.261 2.!!1 0.0 silty clay tc ell') 
U•i u e.t O$i 3.17 0.0 silty cley to cl~v 
2,!;(1 8. ~ 1.e (I ?'If J ..... . 3.0:1 (\,0 cia)• 
2.6(1 ~.5 7.~ !1.211 2.8 .. (1. (1 silty clay t.o clay 
7.70 8.9 6.9 ~. Jr:· 2.f.~ O.(r ~llty clay to clt~v 

uo ~.? 6.4 Cl.lBf ?0" 
~ . .~ .. 0.() clay 

1.9\i ~.5 6.~ C•.ISi. ? e' L • ·t' (l,(l cJ ,, 

3.00 9.8 6.6 0. 16• 2.76 G.O clay 
3.10 J(l.? 5.i o.12e 2.27 0.0 silty cl~y ~ clay 
3.20 10.5 5.3 ~.II~ ? •• 

'"'• J I O.CI stlty cia! to ci ay 
3.:10 10.8 5.S O.ICf J.!tl 0.0 s1lty cl<';' h• cl<'t 

:uo 11.7 5.3 0.079 U6 0.0 sensitive f1Pe gratneo 
3.50 IJ .5 6.0 0.09~ u.s 0.0 sensitive flne gra1ned 
3.60 I J.tl 5.7 o.ur 1.3• 0.0 sensihve fir~ gTatned 
3.7(1 12 .I 5.5 0.077 ! .~f: 0,(1 ser.s1 hve f1ne gTa!l>rd 
3.tl() IZ.5 5.5 o.oo: 1.51 0.0 sen~1tive f1ne gra1ne0 
3.90 17.ll 5.7 0.091' 1.?2 0.0 sensitive fine gra1ned 
4.00 13.1 5.6 0.094 1.67 O.G sensitive f1ne gra1ned 

Soil interpntation nfennce: Robertson l Caipanello-1983, based on 60t haMler efficiency and .2 1 sliding data ll\lerege 



, -
CotfTH (l[fTH m HiCiJ~ ;-; ~r.m IMC llll£tflHUJ 
wt""' fret Qt t~f t'$- tct h/Oc: lcltg SOil TYft 

U() 13.!:'. 5.S 0.~ u~ 0.0 ~lhvt fiiiP ~·lwd 
~ .~ l:l.B ~.0 G.l.; 0.5S CI.O set~Sitlvr het f'llllt!! 
4,3(1 H.l , ,( (I.{K~ (t,Si C•.O ~~tl~ fu.e gre1nec 

4 · ''' 
14 .~ ... r G.OJ. 6.7l' 0.0 te~'<~ltivr hne f'llntd 

Ul H.E t ~ (•.tiC~ J.01 (1,(1 5e~1tnor hne 9f!lllt~ ~· 

,,6n 1 S.l r r 
~· 

.. ~ G.F o.o ~n$i t 1ve f1pe gret~~ 
".iv IS ... t • •• ( U•: !•.~ l•.f• 5eftSltl\'t 'lilt ! 'IH.t: 

- .8• 1S. i t t l.li•- {t. ;<. Cl. (l Sf'~ ai vt fl ne s· at w· ~ 

~ .s~ If, .I t .( ... {l.f' (1,{1 u~ltH'f ftne ~·r 1r.•: .. 
c Ol o' I l f, •• c ·'' . (. G c· .. u.o ~I\! it Jvt fl r;t gr !\ 1 ~i! 
~.Ji 1&.'1 I ' 

"" I,._ 
''· 7~ I .I SP~I~IVr flnt g•&tr~d 

s.:c· 17 .I : .I ( .... O.tl u.C ~"'111~ tu~t !!'6111fO 
5.Jv l7 ·' -. .r ~·. {1 , .. (t, il {t, (t 5en51t1~ f1nr !!'llDtG 
!:'..~0 Ji .7 L.l c.os· 1.55 11.0 ~n~1b~ hne g•iJntd 

~.~ll 1e.n JO. i ,,,m l.Oi (l,{o rlf)lt}' ~1lt to ~lll i' dey 
s .£.0 18.· Jo.; r .. ! .: .. 1.7: O.CJ claytv ~1lt to ~i!t7 clay 

~.70 Ui.7 I? .J (1.,~. 2 ··= 0.0 cl~y s1lt to s1lty tlai 
5.9!1 JS.O 9.4 O.IOS 1.17 0.1 cl~yq• silt to 51lty cley 
5.90 19.4 6.£. O.Oi2 1.09 0.0 seDSihvr fiw f'lllled 
6.00 19.7 6.0 O.OS£ 0.56 0.0 -it1ve h~~e gr•tlled 
6.10 20.0 S.i o.oss o.~; 0.0 eet~Sitive fine trailled 
6.70 20.3 6.0 O.Co!if I.JJ o.o seDSthve hne gretl!ed 
6.30 20.i ~.7 (1.0:1 0.~ 0.0 seasihve h11e !"llllr~ 
6.40 71.0 5.6 O.G-Si l.Ot 0.0 -itlve fine grained 
li.SO 71.3 li.l O.IK, 0.73 o.o seRSitive fiw Flillfil! 
6.60 11.7 S.E 0.045 0.80 0.0 seftSitivr fiw grt~lled 
Ull n .o S.f (l.~i o. ~r, 0.0 w"~lh~ hne ~a111f'C! 
fo.BO 7U t.l n.r.:w M1 &.'1 ~Pn~ittYP ftnt ~llr.tC 
£.~· ~, £ ~ r 0.( ... ~ 0.65 0.0 !-fn~itl~ fine tlflllntd •• • b.t 

7.00 ?l.li t.S o.o:; Cl.st 0.0 6en~lttvt fine 9r1111rd 

i .10 7.1.3 E.• {i Joj: Cl.~ 11, tl !-fn5itl~ fine gra1nrd 

7.?0 23.t E.i 0.0~ (l.t? 0,(1 sell! 1 t1 vr f 11ae gr 1111td 

7.3~ 73.~ f.l 0 0· Mf. (•. (• !f'*ih~ flnr gr11ntd 

7.40 7,,3 u o.u,~ 
• 

·c U. iw v.O 5en~ 1 tt ve h nr ~ a trotd 

7 .~tl 7U u (I (lo;. . . o.~J \). (\ ~ns1tJvt hllf' gra1ned 

7.60 2U £.; o.~jS tJ.SS o.o ~1\Sttlve fine gratned 
i. 7(1 7:-.:l ~. · 11.1lT C•.Si \', (l ~"'Jttvr ftnr gra1necl 
7,Qij 2S.E t.6 0.05~ Mb 0.0 se11J1hve finr greilltd 

7.90 ?S .~ 7.1\ 0,(163 O.l!O o.o 5e~~SitJve fanr gr1iwa 

6.00 2t.: tl.S r..o:· 0.67 0.0 &filS I bvr hnr gratne~ 
P. JO 2U e.r. (t, (l$'• (t,f,(l (o,(l -JtJve f1ae gr11~ 

8.20 26.9 8.5 0.(-56 o.GS 0.0 ~e~~~it1ve fue grau~ee 

8.30 17.~ 1;,4 o.os: 0.7• 0.11 cll!'fll silt to 5ilty cley 

li .•O 27.6 6 .~ O.ID l .lS 0.0 clayry silt to 11lty cley 

l'.SO :u ~.1 {1.13~ J.4~ C•.O clill'fY !ilt to 'ilty cley 

uo 2S.i S.E O. l :i~ 1.44 0.0 clayey salt t' stlty cl1y 

S.iO 18.5 lO.S 0.17t J.6S 0.6 clryPy Silt to Silty ell\• 

B.ai 28.9 IL~ o.=~ 2 . I? 0.()'" clarey salt to stlty citY 

P.90 29.2 13.5 (1.31{• 2.3;) 0.0 cl~ silt to silty ell)' 

9.00 !9.5 16.0 0.41(1 2.55 0.0 cli¥!Y silt to aalty clay 

Foil btltplltltifll rettn~a : i.-rbtwl & t.p,wJJ..-!983, biNd 011 60Z h If rff!tlllley ..cl .1 I tJilU15 .-tl -· 



8NDICI7 

[lft!H [o[Hk m rmm .. H FATIO )lit lHTfRPR£T£f1 

.. eter~ t«t Qc tsf F~ t~' f51Qc l i dtg SOil TYF£ 

~- l!J 29.!- 1~ . ~ (•.~ .. 2.7e O.Cl claypy ~1lt to s1lty cl~~ 

9.2(1 3" .. 0 •• 
f":o~ A 
1. •• I. 0.61• 2.71 Ct.O clay~ silt to silty cia~ 

s.~ 3(1,~ 2U (1.53! 2.5(• (1.(1 cl~yty silt to 51 ltv cia~ 

!t.~o ''il ~ . . 23. j (•.&· 3 2 .7f. 0.(1 cia~~ s1lt t~ silt~ clav 

s.~Ct :.1.: 2'1 .r (•. 73: z.s~ (1. (i cla~ey silt to !-ilty cla:· 
;,r;o "' ' ;' ........ 3' • .... :; .-,.f .. :.~~ (o .(1 s~ndy sill t~ cl~yey sit• 
9 ... ,! .I :iJ. ~ 25 ,(, (t.(la! 

,., ... , 
, .tr· (•.t Silndy sll t to cJ ayt)' ! ll 1 

s .li'(l J:.~ ~~.i '•.C7; ., ~ 
.... t;'t 0.0 r.!ayt~ silt to silt~ cle~ 

~- ~., 3: .:. ?' • ... (•. St·. " . { .:.t'.l 0.!' clayey s1lt ttl silty rl<'·· 

) oi,II(J ~:.F. 20.: tl c:~;. ... 2.76 li. (1 claye~ silt to silt~ d~" 
I(•. )!I 3~t.J 18.~ (I ... !: :.!6 r •. tl cla~.ttl' silt tc> s1lt1• rl~;: 
11~.?o 33.5 ~~-· 0 .3~;, 2.37 0.{• cleye~ silt to siltv clay 
)(\.3(• T.l.r 15.1 ~-3~(· 1.9F 0.(• clayt)' silt to silty cl~:· 
Hl.~v 34 .I IU. 0.2~3 1.98 u.o clayey silt to silty clay 
lf·.5~ :.., ·"' l!: .• il. 3S(I 2.2ii (i.~ claytl' silt to silty cl~y 
i\r .60 , ) ,. . .., ... 10 .(· (; : ~{ 

• • J,. IS 0.~ clayey ~i It to ~~ lty cl~: 
)0,7(1 35.1 ·o -) , I o.m £.SO 0.0 cl&;ey ~1lt to silty tlai' 
10.80 35.- 20.2 0.~95 2.95 0.0 sandy si It to clayey slit 
JQ.90 35.~ ~.8 0.565 (\.9\1 (1.1 ~~lid to ~il ty sand 
u.oo 36.1 116.7 U~l 6.~2 0 .I ? 

l J.l(l 36.~ 96.8 ? ? 0.1 ? 

Socii interpretation reference: Pct"!rtson ~ ta.oar.ella-1983, ~sed on GO~ ha-ter efhc1er.c~· and .2 1 slid1og data average 



SOUNDING DATA IN FILE £HD1H1 96-30-94 11: 42 
OPERATOR : S.UAN LOCO TIOH : P-4/BFC-KC HO 

cu EtH : UES .JvB tlo. : DnCU39-94-H-5062 

Vandehey Soil Expl ofattofi 
4~695 Nw Pacific Ave. BallkSI o~e~on. 97106 (503) 324 3261 

125 TIP Qc tsf v e~sus DEPTH -~_rl 

190 --

75 .. I 

50 "'-··-·- --·-·· ... . _.., .. _ .. ...__ ·--

f\ l- -l ..... \ 
/ .. 

J .. , .~ . ..-\ 
I - • \ ~ \I , ____ --·:r-- -· -J.-·~-·--->--·- . ~· 9 

25 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



SOUNDING DATA IH riLE SND10'l ~6-3~-94 17:42 
OPERATOR : S.UAN I.OCATIOI~ : P-4/BFC-KC HO 

Cll EtH : I~ES JOB No . : DnC~39-94-M-5062 

Uand~hey Soil Exploration 
40695 Nw Pacific Ave . Banks/ O~egon . 97106 (5Q3) 324 3261 
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SOUHDIHG DATA IH fiLE SND197 g6-3Q-94 17:42 
OPERATOR : S.Viltl LOCATIOt~ : P-4/BFC-KC HO 

CLI£Nl : ~[S JOB No. : DAC~39-94-H-5062 
Vandeh~y So il [~plotation 
40695 Nw Pacific Aue. Banks, Ore gon. 97196 (503) 324 3261 
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SOUNDING DATA IN riLE StiD1g7 ~6-3~-94 17:42 
OPERATOR : S.UAit LOCATION : P-4/BFC-KC HO 

CLIENT : UES JOB No. : DnCW39-94-M-5362 

Uanl{ehe~ Soil Exp](l flation 
4B695 Nw Pacific Aue . Banks, Oregon. 971~6 (593) 324 3261 

S.OB IHC f deg versus DEPTII H 
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SOUNDING DATA IN FILE SHD!97 96-39-94 17:42 
OPERATOR : S.UAN lOCATION : P-4/BFC-~C HO 

Cll £NT : ~£S JOB No. : DAC~39-94-H-5962 
Vandehey Soil [xplot'ation 
49695 Nw Pacific Ave. Banks, Ovegon. 97196 (593) 324 326! 

59 N SPT vet'sus DEPTH H J 
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SCPT P-5 
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-+J 
Q) 
Q) --
:r: 
t­
a... 
w 
0 

0 

n d e h e 
Operator . S.VAN . 
Sounding . SN0-92 . 

Client . NES . 

y So . 
l l Ex p l 

CPT Date 06-27-941 15:58 
Pg 1 I 1 Location P5/BFC-KC MD 

SLEEVE fRICTION 
Fa CTon/tt•2J 

0 2.5 

.Job No. . OACN39-9 .. -M-5062 . 

fRICTION RATIO 
Fa/Q (II 

o so 
0 o~------. . 

. 

t 15 . 

Depth Increraent : . 1 1n Max Depth · 45.93 ft 



SOUNOJNG DATA IN FILE SN0-92 06-27 94 J 5:58 

OPERATOR · S. VAN LOCATION . PS/BFC- KC MO 

CLIENT · WES JOB No. · OACW39-94-M-5062 

Vc:ndehey So! l E:-:pic•r<"t ;on 
, •• .,. N P f '· r. I r ~- ~71(tr. '"·C•3l ?:- ;.~Ed :. ''l'~' _, .., • .!IC 1 ! c ,...,.._._,.. oan :~ , .•re•:,h..t •. • •' -

r~•1~ Clfl'iH TJf rmm·~ r-F ~;.'~'!(! IN' J•,lfmi:m 

:~"tn te~t 0· t·· . ' r!, t!:~ fs/Qc t I <l!S fOlt ltr£ 

f .(il : . t• JU u1· 1. 7C· (J.J 
,, 
t 

t. i'(i . ~ .. ·' 11.7 '}.~5: E.!~ (1,! d~~ 
(• .8\1 z.r. IB. !.l 1.(\:: S.<! I) .I clcl 
uo 3.0 13.:i I). Ill r ,.':. 

.J 0 ..... 0.1 sil ty cla~ to:. tla~ 
J.(!(o J.3 38.1 O.&Si• 1.8(1 O.J sH t~· sand to ~ana, ! i It 
l.!u 3.6 10&.3 . 5 .. 

L 'tl U6 0.1 &llty sand t~ sano1· !i It 
l .Zl• l.9 Jll. t 1.989 1.75 0 .l silty sand to S3~:lt ~ilt 
• "0 ' •• J ~ .3 su 1.5GB :.75 0.1 sandy ss It tll clayey si It 

J.'fi u 21.8 o.~e: 2.22 0.1 clayey silt to silty cla)' 
1.511 ~.9 13.7 0.629 ~.S!l 0 .I silty clay to clay 
1.60 5.2 14.5 0.754 5.21 O.J clay 
!.70 5.6 13.5 0.73€ 5.45 0.1 clav 
J.P(l 5.9 11.1 0.581 ~.97 0.1 clay 
!.SIJ 6.2 8.9 o.m 5.57 0.1 cia~ 

2.00 6.& 9.9 0.469 us O.J clay 
?.10 6.9 8.1 o.~se 5.69 0.1 clay 
2.~0 7.2 8.0 0.385 4.SO O.J cloy 
:.l~ i.!i u C.43~ ( 9~ 

"• I 0.! c!tr 
~ . .,r. 7.9 u us: 5.~1 0.1 clt1 
, (' 

6 " 7.9 Q.31!' ~ ,,. n.o cl~/ ...... c .. • • t 

• f. ' 4 •• ~1 s.s 7.f G.3r: u:; o.c tl~\' 
:.70 u 7 .I 0 . 3~& 4.81 0.0 cl6¥ 
• 8'1 I.. ~ 9.2 8.5 (I ~1' .J (> 2.74 0.{1 cia•· 
! . !iii 9.5 7.5 (J.329 ',,(, 0.0 cla:J 
J.(•O 9.£; 7.7 0.301 3.9: (\. {1 clef 
3.1~ IU 6.& 0.245 3.70 0.0 clay 
~ .20 10.5 s.s 0.209 r. e· J. ·l 0.0 clay 
~.30 IO.E u o.m :J.S1 0.\1 c!a·.' 
J,~(l 11.2 5.~ CI.2SS uo O.u cia\' 
~ 5'· ••• u.s 6.0 0.218 3.6~ 0.0 cia~ 
HO 11.9 5.1 (' .21; q.J~ O.(t clay 
:. j( 12 .J 6.8 1).295 ~.:lf I). (1 cia• 
3.~ 1~.5 6.2 0.261 u s 0.(1 clay 
~.S' 12.e 6.1 0.27• 4.:;1 0.0 cia\· 
• .CI 13.1 5.9 r..m ~. 77 0.0 ch,· 
uo !3.5 5.2 0.21& U 8 o.o clay 
~. 2Q 13.8 5.0 0.206 1.1: 0.0 c!~~· 
~-~ I' .I 5.0 (i .l!li 3.95 0.0 cl~>' 
' . ~o )4·.4 4.6 0.?21 Uti :1.(1 ria~ 
~.50 IU 5.9 0.237 Ul 0.0 clay 

Soil Interpretation referenct: Robertson & Caepantlla-!98:.!, based on 60t halter efficiency and .2 a 5Jiding data ~rage 



SND-92 Pe/BF"· , .• r~· .... l·-· ·'- .•,.J F.~GE 

ll[~lli (If PHI ur rPJ(jJ{\o. FF RATIO lW mrmmr. 
•«-t«-r< fett Qc ••• . - ' f! f~!' r /1ic • tS • I lks Siih TYFE 

uo IS.! s.~ •.r.t·~ ~ .5• Q.!l d~y 
uo 1r t 

~- ~ .~ t;.~' L ~ --• I 0.() dey 
•.~n J:.; Iii .t· (• .l~ ! d~ O.i· r l ~:-' 
~ .~· I~ .I ~ .. I •: !' •.1: n.t' ·I• . ' 
S.Coo.• 1£.• 5.[ \! . j , .... .. - •.. •· Q,il ~!~· ' 

5.1 t' 16.7 - ,J ':- ... 2.5" li .(o ck1 : .... 
£. L\' 17 .! t.l : ... , ... ~ F" . . (,(, C•~: 

£ .:t(· II.~ r - ' .. •• " .. ' • t' ... fJ J• c' .. . .. 
s.~0 li.i : -.' .. :.~ .. t•. (1 clo) 
5.50 18 .(1 c.~. . . r.-. t.s" 0.{: c lc:,. ... 
5.6(1 1& .~ 'Lf ..... J t. 3.5f 0.\! cla;• 
5.70 IE.i ~·.~ I .11£ 2.9~ (1,(! Cia! 
c 6•• ~- . J9.(l 3.~ tr. ('3~ ... sr. 

L • J 0.•.' cloy 
s.~a 19.~ . ~ 

J .... ;; .1:: 3.! 3 {1.~ cl a.: 
6 .(I(• 19.1 ~ '• .. , •• j J:. 3.13 0.(! cia)• 
6.10 20.0 q '=' •• c .J•)il 2.40 0.0 clay 
6.70 7(1.3 5.1 11.&9F J.92 0.0 silty cl~ to clay 
6.30 20.7 5. I tl.\iS~ 1.69 0.0 silty clay to cley 
6.40 2l.CI u 0.105 2.7{; 0.0 silty clay to clay 
G.SQ 21.3 5.£. Ct oe~ ' . U t 0.0 sensittve fine gratned 
6.6(1 21.~ 6 ., •• (•.(·~0 U5 0.11 sensittut fint gratne~ 
6.70 22.0 6.3 0.117 1.8i 0.0 sil cy dey to clay 
6.8(1 22.3 u 0.18: 2.6S 0.0 silty clay to cia\' 
6.90 22.6 5.• (•.IT 3 ~~ ••• 0.0 clay 
7 .(1(1 Z3.C• s.s \\ . IS• 2.77 (1. (l !ilty di!!' 'C• clot 
7.10 ~. :l LJ• 13.3 c-.~:~ " 1" L .... I O.t; silty c!ai :o clay 
7 .2(• 23.r g_~ ~ ~r.~ . .. ~ .(·~ o.u ~i!t\' clay :~ clar 
7.:'0 23.2 1u.e O.<li UJ5 li.v cloy 

i.40 24.:: 14.~ (I ·-...... ~ " ~-.>. •t (1.{' stlt~ cla~ to cl~~ 
7.50 2~.& :~~ .~ I . S~S us ,-,.o stity cia;; ~o clay 
7.60 ~~.9 -- 9 41. i .:lf •.:if (I' (1 !ilt> clay :o cit~· 
7.70 25.3 16.8 IJ.53! ,., r ... 

J.~ O.fl ~1ity clar to cl~y 
7.8(1 25.6 J~.J o.:r;: 3.02 0.\1 silty cley to clav 
7.90 25.9 l?.ll 11.31[1 7.65 0.0 silt~· cl11y to cl~y 
8.00 26.1 1~.; o.~<·E 7.8~ (1,0 silty ria>· to cia~ 
8.10 26.6 10.7 0.32& 3.0~ (1.0 silty cloy to clay 
8.20 26.9 6.9 0 .Jp,n 2.6(• 0.0 silty tla>· to clay 
8.30 27.2 7.2 1) .:Jf n oc-

L ....... (J.(! cl~v 

8.40 77.& j ,(1 i'.N J. A<l (\.(> cla~ 

8.50 27.9 u 6.21£ 3.33 0.0 ci~y 

8.60 78.2 Ui 0.126 7.6~ 0.0 C'h!' 

8.70 20.5 3 ~ . ' ti ,li\f 2.84 0.0 clC~> 

8.00 28.9 3.i O.I!S 3 I)~ . t ... 0.(1 cia;· 

8.90 29.1 3.~ 0.1!1 2.86 ().1) day 

9.00 29.5 c;.: 1.' .1:~ :t. 'i'l tl. {I da\' 

9.10 29.9 ~.4 li.l~~ 3. 40 b.o clay 

9.20 30.2 ~.0 o.m 2,4g O.Ct dey 

9.30 30.5 u 0.17& 2.94 0.0 clay 

9.~ ~.(1 5.3 0. I 52 7.89 0.0 clay 

9.50 31.2 5.3 0 .IIi 2.21 0.0 silty cley to clat 



SND-9~ 

0£Flh D£FTH Tlf ~umr"' q ~i<TW IHC IHTfF.P~fTEf. 

ce~tr~ f~et 0,.. .. .,, r ~ t :.: r~/Ot : I dt!; SOIL !YPE . . ... 

~.f.(• 3U s.~ (•.t·~~ Li~ 0.0 $i lty clay fl' cl~~· 

9.70 :!1.6 " ••• 1,: ·''i~· l n• l.l.ft se~~ibve firo~ ~ra1~ed 

~.~ ")"'. ': •.J · ~· I ';~ 0.(1 !·l'"~: ti ~~~ f 1 nt ~·a i ntd ....... ' "·''n l •• ~ 

S. lt•'o 3Z.~~ r .. . .. ' r • 
l ... J f; .'· ~Pi•~l t j '/(" f i frf: gralf,~ 

J(l, (\{I :l2.B ;,1 ~~.trrC 1 ., .. ', (t,t• ~r~1t1~t r1r• pra1nt~ 

lO.I•i JJ .1 
~ . l.(,t' i.Sf ~.Ct sd l!' clay •c t'le:• • -J 

!(1. ~·(· 3B :. :t •! I ! !.~~ (1,\1 ~:lt1· cla·: tr d~· 

!0. ~~·~ ~- ~ ..,,J, •• • ' q 1 ~,. ... ' . Z.Jl II. (I cia~· 

Jll. ~to :'" .1 
; ... "' ~;;: ll .l' cl~~ .. ;· .. .:~ .. ...... 

!O.SO 3-., 5.B r ,.,~ 
.1.~. 3.1: \J.O clay 

ICI.£:\1 :1'1 .£: c • 
.• t , .• ! ~: 1 i' •• d (1,11 cJ~y 

lO. 7i• 35.1 £ . ~ lj J~ .. *i ,..,. , .on (l.tl clay 

l~.&t ~5 ... u '•.20~ 3.~~ o.~ cla1· 

lO .90 3S.B r ~ 

··' (:.I~S ~1.;8 0.(1 clay 

11.00 3~.1 r ~ \!.~{; .. ,. Q~ (; .(: cl~y ··- ,J ........ 

11.10 36.4 6.5 u.2o~ 3.21 u.o clay 

1!.20 36.7 ~ " o.' o.m 4.21 0.0 clay 
I J. :JO 37 .I 7.5 0.3~S U3 0.0 clay 
!UO 3U " c t .... 11.$~ H"F 0.0 clay 

11.50 37.7 u 0.33-J ;.57 0.0 tla~ 
11.&0 38.1 6.P 0.3E. •.6£ (! .(1 clay 
11.70 38.4 5.6 0.23C ~.2~ 0.0 clay 
11.80 38.7 G.S 0.791 1.51 0.0 clay 
II. !10 :!9.0 S.i US1 ~ .5~ (i.(\ clay 
I:' .OC• :19.~ 7 /• '1.!~: u~ 0.0 cJ ay 
IZ.!Ci 3~ ~ ··' E.! ... ~,(-

lJ .... ::: z.u IJ.O clay 
12.:W 40.\1 f.\1 (' I 7.: . . . ' CG &. ..... Co.O cl~~ 

12.3') 40.~ c ~.iS·: 3.(.:: t~.o c!&y 
12.4<1 Hr.? u f ~-· 1 • ~it· 4!.00 0.(; clay 

12.5~ 41.0 e.:; •'.: · :· 
. . . 
.j. •;tl (1.0 clay 

12 .6(1 ~1.3 f..9 (: .~:·= 3.?11 l>.\1 cla:. 
IZ .7C• 4J.i' t.~ u.::s 3.uD 0.0 clav 
12.80 42.(1 7.S 0.26~ 3.~~ (1.0 cla~J 

1:.90 ~2.3 8.f U59 3.25 (1.0 ~ilty clay to clay 
13.(10 42.7 e.~. u .!~(· = .12 0 .(i silty clay to clay 
13.!0 ~3.0 9.7 0. ~6(\ ~.73 0.0 ~ilty clay to clay 
13.20 43.3 J? -' • I 1.17~ 3.£·1 0.0 silty clay to clay 

13.30 ~3.6 24.3 !.St·~ £.2fJ O.'i clav 
13.~0 ·~ .~ 3M (1.9<! ~ .I• (1. (l ~llty clav to clay 
13.50 •U IU o.e~; 5.b5 0.(1 clayey ~•It to siJ+y clay 
13.50 44 .6 62.(1 1 .ll4F 2.~ 0.0 clayey si It to !li I ty clay 
!3.70 ·~.9 $.• ! .J~: ~ '7 

... ·. ·'' G.O cl3yt/ !llt tr ~~~~Y clet 
13.00 45.3 ~CI.:l 1.7~ '" . :(-:- (1.0 cJ ~yry si It to silt)' cla~· 

!3.90 4S.6 73.(; Lt~~ 2.36 0.0 ? 

14.00 45.9 lli .3 ~ .. u.C• 'i' 

Soil interpreutio11 reference : ~o.."ertson i Caapanella-198:!, based on 601 haaaer efhcienty and .2 a slidl112 data average 



SOUNDING DATA IN FILE SND-92 Q6-27-94 15:58 
OPERATOR : $.V~N LOCATION : PS/BFC-KC MO cu nn : ~rs JOB No, : DAC~39-94-H-S062 

Ui~dEhey Soil £xplofation 
40695 Hw Pac ific Ave. Banks, Oregon. 97196 (503) 324 3261 
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SOUHDIHG ORTA IN fiLE SND-92 06-27-94 15:58 
OPEROTOR ; S.VAH lOCATION : PS/BfC-KC HO 

CLIENT : WES JOB No. : DAC~39-94-H-5062 

Vandehey Soil Explo~ation 
40695 Nw Pacific Ave. Banks~ O~egon. 97196 (503) 324 3261 
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SOUNDING DAT~ IH FILE S~D-92 06-27-94 15:58 
OPERATOR : S.VHH LOCATION : P5/BFC-KC HO 

•:l I fNT : U(S JOB tlo, : DACI~39-94-H-5062 

Vandehey Soil E:<plor•at ion 
4g695 N~ Pac ific Ave. Banks, Oregon, 97106 (503) 324 3261 
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OPfRhTC•R : S.VAii LOCATION : P5/BFC-KC HO 

CLI Ern : ~I£S JOB No. : DAC~39-94-H-5~62 

Uand~h~y Soil Exploration 
4~695 Hw Pacific Ave. Banks, Oregon. 97196 (5~3) 324 3261 
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Soil interpretation referrncr: ~Gt>trhon L c., .. oan~lla·J983, ~rd on 601 han rr efficiency ~nd .2 1 5hdlr.g data average 
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49695 Hw Pacific Av~ Banks , Oregon. 971C6 lSQ3) 324 3261 
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SOUNDIIiG Dfd ii Ill lllt \;ilDlOQ 06-29-94 15:55 
OPERATOR : ~.VAN lOCATION : P-6A/BFC-KC MO 

Cll EtH : U£) JOB llo , : DACU39-94-H-5062 

Vande hey Su 11 :xp llii·a t1 on 
49695 Hw Pacif ic Ave . Banks ~ O~egon. 97196 (503) 324 3261 
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Vandehey Sud Ex~1\!:\diu11 
40695 N~ Pac ifi~ P. ·. ~ . 8,\l1ks, Or·~~o n . 971~6 (503) 324 3261 
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SOUimiNG DtilH It! tll[ SIID10Q 06-29-94 15 :55 
OPERATOR : S.U~Ii LOCAT ION : P-6A/BFC-~C MO 

Cll HIT : llfS JOB No, : DACH39-94-H-5~62 

Vandehey So1l [xplofation 
49695 Nw Pacific ~~e. BAnks, o~egon, 971~6 (533) 324 3261 
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Operator S . VAN 
Sounding SND101 

Client WES 

CON£ PRESSURE 
Qc (Ton/tt"2) 

'/ 

y So l l Exp l 
CPT Date 06-29-94 17. 20 

Pg 1 I 1 Location P-7/BFC-KC MO 

St.EEVE FRl CTI~ 
Fa (Ton/ft"2J 

0 2.5 0+-..._..._...__._-t 

30 

.Job No. OACW39-94-M-5062 

FRICTION RATIO 
Fa/Q Ill 

0 10 
01+-~-'--'---'---t 

30 

IHTEJIIAETED 
PR(FILE 

01~-----, 

15 

. 

30 . 

60 601..1-.----~ 

Depth Increment .1 m Max Depth · 41.99 ft 



snmmiNG DAT (4 TtJ r:TLF S Nil J OJ 

OPERATOR S. VAN LOCAT ION P- 7 / BFC-KC MO 

CLIENT WES JOB No . OACW39- 94- M- 5062 

Vc.n~-:ohE-y So1l E~:pJc.rat 10,... 
t.n[:J':, l~~o.· F~c1f1·: ,:.v.r:-. Eanl:~. (·r~£1:•ro. 97iOC 1:,o-, :.:: .. 3::!C.l 

f£'i• orm l!~ FmliO>- ;; ~f.ilfi jl;.• l" lt: .. ~!TtJ 

~c r!t 
~ ;~ ~,. . : G~! ~ .. '. . .... 

4-' : !t: ltf• •! r·· - ... .... 
l-. £~1 J.f 2!: .. (• (1.~(:? :lJ.• I .S 
v .:.- 2 .l' ij" c • --c ' . • 4. '' ~~nd~ ~ Jl t {t ~.<:,f, 

.. , .. 
b •• • 0 .... 

~ ,IJt• . .. 
v. 7· '·~ 91. i I} ~'·~ ............ 1'). (' "', 

.. 0 ••• 
.... l !liOt'.' !l J ~ tc1 r J ~ ''· ~ !' J ! · 

.,,;,1 i £, -.~ • ('i r. c,'" .. ~ n '!C 
l . ~·· ~t'OC:' ~ • ; .. rc ~•~.~~ ~1!; 

(!5' 3.C• 2~.:t (l, -~i J.f.f ,, . 1 $anoy ~~It i.~ ~ l?'Jt\' ~iJ• 

l.liiJ :l ' ... 17 .i 0.22• !.11 1•.! ~arotJ~ sll t to d~·. ~; ~il· 

I.F ~ ' J. t 16.• O.H~3 fl.% v.J ~an;jy ~ilt tt> cla·t~i' ~~:· 

1. ~\· 3.9 li.S •' IS'· . . . L~l t1,( ci~J~Y sli t tc ~:!·:cia 

Lj) ... :< IZ.i {t.!5h lSi (1.1 cla;•ty ~Jit tt ~; ! : ~ da 

I.'Q ~.D 13.2 M!iG :;. ~E •i .1 silty cia~· tc cloy 

1.51) u 15.& o .se~ :i.TI 0.1 silty cia)' t~ ciay 

1.~ 5.7 IU O.Si7 3.68 0.1 silt~ clay teo day 
1.10 5.6 11.3 0.323 2.65 0.1 si lty clay to tl~/ 

1.~ 5.9 9.2 o.m 3.49 6.1 si lty cla1 tto ci~J 
1.~) f.7 IU 0.3BZ 3.~£. v.J ~iltv cl~; tr cl~t 

2.00 6.E 11.0 o.m " g-. . ' 0.1 sil t~ clay to clay 
2.10 &.9 9.5 0.2HI 2.51 0.1 si lty clay t(o clay 

?.iO 1.2 9.5 0.204 2.1& fl. I si It~ clay to cia;· 

Uil 7.5 9.3 (1.222 2.3£< G.J sil ty rl~~ t~ cl ~)' 

~.~o i.9 S.E 0.1~~ :.Hi " 1 ... ~l!tt tl~y 1C C!o~ 
' ( n . . . ~ ., .. 7.~ CI.J::( J.£1 (J .(1 riaye)• ~ih t~ ~lit)· cl~ . 

~ -<L.otlt 6.S u O. l ltl i.'t7 ,. ~ ! • clayey ~dt tc ~11· · c j-•• 
? . 7(1 u 6.:. 0 .lfli 1.~ (1.!1 ~11 t y clay tc. cl~: 

Z.B~ ~.2 !;.E 0.111 1.91 0.0 ~i It;· cia~ «· ciay . ,. 
"',..,I :..s 5.5 (1,09? l.H C•. \1 silt;• cli<t t~ cl-'j' 

3.0<1 9.B u C .f18S 1.7(1 ••. n !'l'OSlbvr floE g•~•r·t•1 

:uu w.: 5 .I O.(IB' J. iJ (1, (1 sens1h'·r t H·• !!'~l•·t~ 

:uo 10.5 4.9 0.001 l.&i O.Ct si lty clay to cl~1 

:l. :.t•· IC•.e c -•. t 0.10~ 1.9~ ft.(• sensitivt f1n~ !!'i<l"t ~ 

3.'HJ ll.t 5.3 0.&61 l.H 11,1\ sens1 tJ•;e f!r-t gr<n~c 
~ .~.(1 IU· 5.7 (1, ("~ C.9~ (1,(1 se~s1t1ve f1~ g·~~~~o 

H~ 11.9 5.9 G.051 C.% OJ• 5fO~i t iVt ~j~ gr~1r.~ 

f". -· ... IV 12 .I 6.2 (\. (•:.i o.s= (•. (I ~en~Jh\'f fJr,f' :•a:rt~ 

3.t:.u I ~ .5 6 .I (•.OSZ 1.01 O.il 'er.~ltJ~~ ~~n~ ~r? : ~e~ 

3.~ 12.e 6.? (!.~ 0.6f. (l,(\ sen5itlvt f1ne gr~1~ 
\,C\0 I~ .I 5.~ o.os; ue 0.0 ~r.~itiot ti~ ~-~·~o 

• . If t:.l. s 5.• o.Cis; 0.5t (i,(l ~·"~itl\~ t l .. ~·~· ·t~ 
•.=o J:l.~ 6.0 o.~.o O.li3 ~.\1 ~rn~o t l\t tJ~ s·~:.t: 

i .:~ 1U ~ ., ... ..... O.OS! J.(\4 (:,(: 5t"~ltlvt f•·~ ~·~l"t~ 

~ .·0 (4. ~ ~ .8 0.(113 u.2B v.o !~r.51t1~ f1 .. s•tined 

Soli 1ntrrpretation l'!fer!nce : ~cftrtson ' taapa~~rlla·JS.Il:i. t.ased o" £.(1~ haef.tr t ffiCi t iiC')' " "'- .2 • ~liding dab ll'm'ege 
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(1.!• ~~~~lflvt hill' gri!Jn~d 
u.u ~en~•t•vr f1~t g•i!lne~ 

'.•.(' sensJtlvr flnt sra1!!!!d 

(:.v srns1t1vr hnt sr~in~d 
(:,(1 ~tft51fH'P fH1~ g<i!lllt'd 

r,... srns1hvt fl11t g•aJrl'!:l 

''·" sti'i5lt! ·e fJ"!' S'Clrr:! 

•--"~ ~ensn1ve- tire grairlt'~ 
•·.~! ~ensitii'P tJnt gr~1nr~ 

11.• •rn~itlvt t)n~ £'~lOP~ 

·.. ~er,!-i~ !"'tt h11f g•":t~ti 

i .. u ~fn!.Jtlvt hnt gr ~!nt"d 

G.(' 5errsihlll' finr gra1ned 
.-,,0 sandy slit to clc'Jey sll ~ 

\1.(1 5andv s;lt tc• cla~~ty ~Jit 
(1,(1 sanc1y n 1 f tll c! ~'lt''l ~ i l r 
(;.(• sandy s!lt to rleyt1• ~i il 
1),(1 sandy s1it to cla~ey ~~~~ 

Q.Cl cla~'ty silt to silty cia~· 
0.0 clayey silt to silty clay 
0.0 clayey silt to silty cl~1 
ll.(t clayey silt to silty clay 
(1, (1 clayey silt to silt;• cl~~· 

~.il sen~i uve fine g•a•~ 
0.0 sensitive fine gralntd 
0.0 sensitive hnr gra1r.ed 
O.ll sensitllll' flnr sra•n~d 
(• J sen!: t l'lt fl~~t ~r u !!!!~ 

0.(• se~s1t1vr fin~ gra1ned 
n.~ 

(1. tl 

~~n!Jti•Jt fin~ gra1n~d 

~en~1t1\~ fine gr~Jntd 
\i.') sen51bve fi~~t gr~1nr~ 

(1,(1 ~en!ltiV!' f!nr gr~Jred 

l' .(, ~~OS!t!Vf fine g•~Jred 
f,_(, clayey silt to silty clry 
f•.O clayey 5i It tc si ltv clay 
it ,(l clayr;• ~llt tr• 5!1Ty tJ~· 
o.n tla~}' silt to silt)• clay 
0.11 clayey silt to silty cla;• 
0.6 clayey slit to silty ci&V 
l' .r· cia;•ty silt t o ~11 ty da.• 
l'. ·, di!yt)' sll: tr s:lty cle•· 
Ci.l• clave;• silt til sJlty clay 
0 (l ~e~sib·Jf fi~~t gra1ntd 
n,i• 5tr.!ib·."t' f1rt ~r~il!t~ 
.o .~ sens1t1ve t1nt gra1ntd 
{1,(1 SCllSih\'t' ~lilt' grtoH-td 
~.(l :.er.•ib\'t tine gra111td 
(1.\1 sensHllll' f!r.e gra1ntd 
0.0 clayty silt to s1lty clay 

Soil lntrrpretation refrrrncr: R~~rt~on & ~nP}la-1983, ~on &0~ hatter rfficJrnry and .7 1 sliding data ever~ 
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~OUtlDlNG Dtlf 1) IN illf S!ID101 06 ·29-94 17:2~ 
OPERATOR : S.VriN LOCATION : P-7/BFC-KC t!O 

CLIENT : WES JOB No. : DAC~39-94-H-S~62 

Vand~hey Sotl £xpl o ~at1on 
49695 Nw Pacific Ave . Banks} Oregon. 97196 (593) 324 3261 
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SOUNDING DATA IH fiLE SND101 06-29-94 17:29 
OPERATOR : S.UAH LOCATION : P-7/BFC-MC HO 

CLIENT : WES JOB Ho . : DAC~39-94-H-506 2 

Vandehey Soil Explo~ati on 
4B695 Hw Pacific Ave . Banks , Or~gon. 971~6 ( 5~3) 324 3261 
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SOUNDIHG DATA lll flLE ~ HDlGl 06-29-94 1'/:20 
OPERATOR : S.UAN LOCATION : P-7/BfC-HC HO 

CLIENT : ~[S JOB ~o. : DACU39-94-H-5062 

Vandehey Soil [xphniat\on 
40695 Nw Pac ific Aue. Banks, Oregoo . 97106 (503) 324 3261 
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SOIINDIHG DATA IN FILE SNDlgl 06-29-94 17:29 
OPERATOR : S.U~N LOCATION : P-7/BFC-KC HO 

CLIENT : ~ES JOB No. : DAC~39-94-H-SQ62 

Uandehey Soil Explo~ation 
40695 Hw Pacific ~ve. Banks, Oregon. 97106 (503} 324 3261 

5.00 INC I deq veFsus DEPTH H 1 I - --· ·-I I 
4.09 

1. OQ 

. - --·-·--
. I 
' I I 

I 
I ·- - --r·- ..... ... -~---·-

_j _ _.J I 
r--·-- -- --- ---·-~-~,.- I-- --·- -~·~-r ··-.·· I I 

I ' 

\ 
I I ... . J t ,. ..... ~--..,. """"'... ..~ . .., .. '~""" ............ ,. ....... ..... ~, ...... ..,..,. ...... -·· 

I -.. ---.---·-

3.99 

2.0e 

0.90 
9 1 2 3 4 5 6 7 8 9 19 11 12 13 ~~ 15 



SOUNDiNG DulA IIi fll£ SND101 96-29-94 17:2Q 
OPERATOR : S.UAH LOCATION : P-7/BfC-MC HO 

cu ENT : H£S JOB Ho, : DnC~39-94-H-506 2 

Uanl~~~~~Y ~oil hri 01\H lou 
4B695 Nw P~c ifi c A~e. Banks ~ 0fEYOil. 97106 (5Q3) 324 3261 
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SCPT P-8 



Vandehey Soil Expl 

-+I 
Q.) 
Q.) --
I 
t­
o. 
w 
0 

. 

15-

Operator 
Sounding · 

Client 

S.VAN 
SND-93 
WES 

Pg 1 I 1 

SLEEVE FRICT IOH 
Fa llon/ tt•2l 

CPT Date 
Location 

.Job No . 

06-27-94 18: 52 
P-8/ElFC-KC MO 
DACW39-94-H-5062 

FRICTION RATIO 
Fa/0 00 

IHIEJM£1ED 
Pfi(FlLE 

125 0 2.5 .. -

-
I 

,) 

1 15-

) 

. 

. 

. 

6i04-_.__.__..__..__, II! I\ 

Depth Incre111ent : . 1 11 Max Depth <41.01 ft 



SOUNDI NG DATA IN FlLC SN0-93 OG-27-94 10:52 

OPERATOR · S.UAN 
LOCATION · P-8/BFC-KC MO 

CLIENT · WES ~OB No . · DACW39-94-M-5062 

Vend~hey So1l Explorat.1on 
4069~· Nu PaC1 f 1 c Ave. Banl<5. OreQOn. 97106 ( 503 > 324 3261 

ornt~ DEPTH m fi<ICTJI!N FP P.AT 1[1 JHC IHT(RF~[l[(t 

•ettr~ feet QG tst F s lsi t sl(lt l l deg SO!L lYP£ 

v ,r,c, 2.0 32 .l 0 .S2it 1.67 0 .I 
r, 

0.70 2.3 27.3 0.502 l.B; 0.1 ~ndy ailt to cleye~ silt 

0.00 i.£ ~u 1.20& 2.10 0 .I sandy silt to clave~ silt 

Ct .S~ :1.0 73. 'j 1.580 2 .I~ 0 .I sandy silt to cleye~ silt 

I.()(. 3.3 ~9.~ 1.83<1 3.11 0 .I clayey si It to silty da1• 

!.IC 3.(. 33.8 1.m U9 0.1 clayey s1lt to silty cloy 

u o 3.9 2~.9 0.8£1 :!. Tt. 0.1 clayty silt to s1lt~ clav 

I.:!V u 11: .I 0.62(; 3.~3 0 .I s1lty clay to c\av 

U\• u 15.7 0.701 'I.H 0.1 cley 

I.SC u IS.Z 0.695 us G.O cla~ 

uo 5.2 11.0 O.GSS 3.~ 0.1 cley 

1.?0 5.6 16.1 0.770 uo 0.1 clay 

1.80 5.9 16.; 0.761 U3 0 .I clay 

1.90 6.2 IU 0.101 U3 0.1 clay 

ZJA) 6.6 14.5 0.63& U9 0.1 clay 

UG 6.9 12.9 0.579 Ul 0.1 clay 

2.2(1 7.2 11.5 o.;a1 uo 0.1 clay 

2.30 7.5 10.8 0.~70 Ut 0.1 city 

uo 7.9 11.0 o.m ~.33 0.1 clay 

2.50 8.2 11.2 o.m U! 0.1 cla~ 

~ ( ' •. v 8.!; 9.S 0.~2f. ~.25 0.1 clay 

2.70 9.9 9.5 0.335 3.5'. 0.1 clay 
7,e{: 9.2 8.2 0.329 U2 0.1 clay 

2.90 9.5 e.s 0.252 2.96 0.0 clay 

3 ,()(1 9.8 8.0 0.300 3.73 0.0 clay 

3.10 10.2 7 .. 8 . 0.269 3.46 0.0 clay 

~). ~(! I U.S 7.5 (1 .253 J.:a (1,0 clay 

:!.30 10.9 6.9 (1.272 3.9~ 0.0 clery 

3.~(1 11.2 f..~ 0.30!1 H7 0.0 clay 

3.50 11.5 6.6 0.256 3.&6 C.l clay 

3.6il II.B 5.~ o.m U1 0.1 clay 

3.70 12 .I u 0. 1~0 3.33 0.1 clay 

3.8CJ 12.5 1.5 0.111 11.:11 CJ .I organic aaterial 

3.90 1?.8 2.S 0.152 5.81 Cl.l organtc aaterial 

~ .00 13.1 2.8 0.!26 ~-~~ 0.1 cley 

UCI 13.5 1.9 0.132 U9 0.1 clay 

~.?\) 13.8 2.7 0.133 ~ .!\4 (t.O cla~· 

ue IU 2.8 0.113 \.Cia 0.1 clay 

uo 14. ~ 2.3 o.m 5.2B 0.~ cley 

4 .~ 1U 2.5 0.099 3.51 0 .I cla)o 

Soil inte~tation reference: Robert~n I Col!'andla-1983, ba~ on SOt 1\Maer efftciencr and .2 t slid1ng dab avtraae 



"I'D-~"' v \f .. -· P-6/BfC-J :C !11 

J)(flll [)(PTH Tlf FRICllfii r" ~~m I~ IHTUHJ:l£1• 
eeters feet Qc tsf fs bt h/Q.; ! 1 deg SOIL TYPE 

4 .f.O 15.1 2.3 O.G73 3.25 0.1 clay 
4.70 15., 2.6 O.OliO 3.0i 0.1 cia, 
Ul(l 15.7 u O.e!IC• 3.Sf 0.! cl~ 
4.~ 16 .J 3.0 (•.07J 2 -~~ 0.1 cia. 
S.Gl~ 16. ~ ~.0 (1 ,{11& 2.5~ () .1 cla1 
S.IU 16.7 3.5 0.1:; :,.~a u .! clay 
5.2\1 li.l JJ • C*C ~ .'•• ~.I clal· v. .. 
s.:co 17 .~ 3.0 &.0~ I i.71 0.1 sensitive fine grained 
5.q(, 17.7 3.0 0.07~ 7.5~ 0.1 ciao; 
5.50 19.0 3.8 0 .Oil! 2.13 0.0 clay 
5.£.0 JB .4 B 0. (1£.( Ui 0.6 sensitive f!fte grained 5 ,. 1S .7 3.5 0 .OSb i.SS 0.0 sensitive fi•e grained , oU 

S.fCt 19.0 3.2 !1. It&~ 1.9: {1.1 scnsit1ve f1te ~rained 
S.% l9,q 3.7 0.073 u~ 0.~ clay 
t .II(• IS.7 J.l (I 0" 1 2 .:'J 0.(! clat • I • 

6 .It• ZC1.(J 2.r. (•.utt· 2.40 0.0 C)<ljl 
&.2(1 2(1,3 2.9 0.~ 2 .(1{1 0.0 sensitive fue grained 
6.30 20.7 2.7 0.65~ 'iOO .. 0.0 clay 
6.~0 21.0 3.8 0.114 2.99 0.0 clay 
6.50 21.3 7.8 0.127 1.62 0.0 silty clay to clay 
li.liC 21.7 5.8 o.on 1.32 0.0 sensitive fhe grained 
6.70 22.0 u 0.~9 1.14 0.0 sensitive fiae gmned 
6. f'O zu 3.~ 0.0511 1.31 0.(1 sens1t1ve fiat gra1ned 
6.90 22.6 4.0 0.0.46 1.16 0.0 sen~i tillt flat grained 
7.00 73.0 3.8 0.050 UP 0.(1 sensitive h II! gr allied 
i .10 23.3 ~.0 0.068 1.7~ 0.0 sensitive fill! gra1r~ 
7.20 23.6 3.8 (l, 064 1.67 0.(1 ~ensitillf fine grainNI 
7.3C .. ~ 9 .J. 3.9 O.GS? 1.33 0.0 sensitive flat gra1ned 
7.~0 2U 3.8 o.m 1 J7 ... 0.1 clay 
7.5C ~4.6 u 0.127 2.81 0.0 cla~ 
i.60 2U 4.8 0.1:!5 , tl"i l.. ... 0.6 clay 
7.i0 25.3 5.7 0.1~ 2.21 0.(1 cl~y 

1.80 25.f. &.P (J .2~ I J.Sf (1,(1 clay 
7.90 25.9 7.3 o·.m 3.:'~ (J,{I clay 
~.NJ 26.? 7.:1 (J, !93 Z,£,3 0.(• Silty clay to clay 
8 .I (J l6.& B.E 0.207 :.3£ 0.0 sll ty clat to clay 
8.20 2&.9 u 0.1~7 ~ .t"3 0.0 silty clay ttl clay 
8.30 27.2 8., 0.13!; !.6Z 0.0 clayey silt to silty clay 
8.40 21.6 7.1 0.137 1.93 0.(1 clayey silt ~ silty clay 
8.50 27.9 8.0 0.127 1.59 IU clayey silt to silty clay 
8.60 2U 7.1 0.081 l.i~ 0.1 sensitive f1Jt graintd 
8.7~ 28.5 li.3 0.072 i.l' 0.1 ~ns1t1ve f1ne grained 
8.80 28.9 5.1 0.088 : .71 0.1 sensitive f1ne grained 
e.~ 19.2 5.3 0.~1 J • 7:' u.J stnSitlvt flat ~ra1~ 

9.0'J zs.s 5 ~· .. O.oef I.';'(! ~.1 silty ciay to clay 
~.10 2S.9 5.3 0.1~3 1.91 0.1 silty clay to cl~ 
9.20 30.7 5.4 0. !02 ).~ c.! ~ilty clay ~ clay 
9.30 30.5 5.8 0.126 2.17 0.1 cloo1 
9.~ 30.8 6.P 0.799 ~ .39 0.1 cla1 
9.51) 31.2 9.0 0.339 3.77 0.0 clay 

Soil interpntatlon nferenu: ilobertson l ta.panella-1983, based on 60: haaur rfficiucy 111d .2 • slidi119 data ~~~trage 



SND-C·'; • F-3/BFC-l:C w. PAGE -· 

D£FW ft{P!H TIF rR!CTIOH n ~illi(e lHC lHlUPmW 

eeter! reet Qc tsf F$ hf r s!(IC ~ Ices so ll l'!'fi. 

9.(\1 jJ.~ 
... ~ 
I • I (l, :!i•:> 3.~: G.Ci clal' 

s.7u Ji .£i 7.2 0 .lSI 7.67 0.0 silty clay t~ clay 

9.6~1 X' ... 1.6 ll.l&<• ~.0~ 0.0 silty clay to cle)· 

9.9!• j:.5 i.~ 0.1&7 2.:£ &.Ci silty clay to cloy 

J~.r·~~ •• B Jl. 1.0 0 .lf.i 2.4(1 0.0 silty clay t~ cla.• 

10. !IJ Jj.l 7.5 11.116 I r· 
.)~ 0.0 siltl' clay t~ cia~ 

lo.i1 
,. ( 
-~~t •• 9.(1 (1.179 I.!l~ (l.(o clayty ~llt to silt~· d~l' 

10.1\; ''I 6 J •• 9.S (J.2:. 2.35 0.0 silt!' cl8y to cl~~· 

1(1. ~\1 :'" .1 c -"'. , 0.229 3.9~ ~.t) sandy si lr ttl tl a~oe~ d : t 

10 .:i· , ... ·" 55.5 run ~.76 o.n d lty sand to sana> sJI • 

I iJ. (.•' 1. c . .. C.• I 
J~ •• (t.S(•f· (1.5( (1.0 sand to $ilty $and 

lQ. ~,. ;: .. 1 83.(1 0.939 I. 13 (1.0 sand to s !I ty sor•C 

16 .B\1 !S ~ ~.Ct 0.9:!9 1.3!! 0.{1 silty sand to sandy sill 

IO.S~ r::.e 7S.2 o.m ~.e~ 0.0 &ilty sand to sandy silt 

I 1.(>• ~ .• 1 48.:1 0.9q~ L9~ 0.(1 silty sand tD sandy sJlt 

I!. !i· :.f..~ 6C r J•4 1.172 2.72 0.0 sandy &ilt to clayey silt 

!UC .. -.<t.' i9.3 Q.fl4 !.IS 0.0 silty 6and to sandy silt 

II.:~ ~; .1 ~3.9 1),7(12 1.~ 0.0 silty sand to ~•nd<; silt 

II.~· 37.~ 41.3 0.7~P. Ui 0.0 silty sand to sandy ~il t 

11 .5(• .,..-
.... I • o 83.2 I .167 1.~() 0.0 silty sand to sar.oy si It 

li.N• JS.I SO.E ).()()/; 1.!111 0,(1 silty sand to sandy si It 

11. 7u 38.\ ~5.9 0.602 l.l1 li.O si I ty sand to sandy silt 
I I. (l(: :,If .1 SV.9 0.7:.19 1.4~ 0.0 silty sand to sanoy ~ilt 

11.5~ 39.0 .2.9 1.~7 2.~. 0.0 sandy silt to clayey s1lt 

12.00 3S.~ 70 .11 1.551 2.19 0.0 sandy silt to clayey silt 
12.1•} ~~ . ' 7.7 1.~7 13SI 0.0 clayey silt to silty clar 

1~.10 .o.o S?.i Cl. 703 I .X1 0.0 sandy silt to clave~ silt 
JUG •G.~ El.7 0 .BS9 

0 "'" 
.. 0.0 silly sand ro 5andy silt 

)~.~i ~(; . 7 r.s.• 1.12• : • L-:- r· ... , 
•' ol 

1L.~~ ~ 1.(• :va.i ·, u.: ? 

So1l intrrorerabon reterenct: Robertson~ Caapanella·198:l, ba5ed oro~~ IIM•r• eft1t1tnr, cNl .: ~ shdl"9 d3ti' c;vera9e 



SOUNDIHG DAlA IN FILE SND-93 06-27-94 18:52 
OPERATOR : S. UAN LOCATION : P-8/BFC-HC MO 

CLIENT : ~ES JOB No . : DAC~39-94-H-Se62 

Vandehey Soi l Explofation 
49695 Nw Pacific Ave . Banks / O~egon. 97196 (503 ) 324 3261 

125 TIP Qc tsf versus DEPTH H r 
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SOUNDING D~TA lN FILE SHD-93 06-27-94 18:52 
OPERATOR : S.VAN LOCATION : P-8/BfC-KC MO 

CLIENT : ~fS JOB Ho. : DAC~39-94-H-5e62 

Vandehey Soil Exploration 
4~695 Nw Pacific Ave . Banks 1 O~egon. 97106 (503) 324 3261 
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SOUNbiNG DATA IN FILE SND-93 06-27-94 18:52 
OPERATOR : S. VAH LOCATlOH : P-8/BfC-HC MO 

CLIENT : "ES JOB Ho. : DA0~39-94-H-5~62 

Vandehey Soil Exploration 
49695 Nw Paci fic Ave. Banks , Oregon. 97196 (593) 324 3261 

19 fR RATIO fs/Qc X varsus DEPTH H 
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SOUNDING DATn IN fiLE SHD-93 06-2?-94 18:52 
OPERATOR : S.VAH LOCATI OH: P-8/BFC-HC MO 

CLI EHT : ~£$ JOB tio, : DACH39-94-H·5\;62 

Vandehey Soil E:<ploNtion 
40695 Nw Pacific Ave. Banks~ Oregon. 9?196 (593) 324 3261 

5.~9 IHC I deq versus DEPTH H 
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SCPT P-9 



Vandehey SDll Expl 
Opere tor 
Sounding 

Client : 

S.VAN 

SN0-94 

WES 

Pg 1 I 1 

CPT Date 
Locetion 

.Job No . 

06-27-94 21. 24 

P-9/ BFC-KC MO 
OACW39-94-H-5062 
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SOUNDING DATA lN riLC SN0-94 06-27-94 'll :'l~ 

OPERATOR · S.VAN LOCATION P-9/BrC-KC MO 

CL I ENT WES JOB No. · DACW39-94-M-5062 

Vlln·:lehey So1l E':pl .:-•-o t 1 .:•t1 
4(1()9!5 N~o• Pl!lr.: lf 1c Ave. &ani.!. Ct:·e:gcn. 971 fJ( t 5(13 l :.:~ "'~(..J 

[If PHi ftfFTh m HJW[lll r~ ~.~TIC It:t !~Ti:mmv 

aeter:. feel ~c tsf r} t!.f fs/Qc l I deg SOil lYP[ 

o.~l• 1.6 li.3 O.P?i1 ~.~ o.u 
, 

0 .f~l 2.0 1:!.6 5'" U, II J.8il (r .l\ c! "I' 
(1. 7u 7.3 lU OSi• 3.91 ll. (1 ~ilty clo'' tt' clov 

o.e-:1 u 13.9 ij, ~L·~ ...OB 0.0 clJ)' 

(1.~(· 3.0 J2.C \! ... 'It 5.5~ \1 ,(1 )tlt1• clay tc· clay 

u~ J.j I !.I Ct' :.f.t ~ e~ 
~· .f 0.(1 ~~It~: cla·1 t(• cia; 

1.1~ 3.£. IO.f U.3~~ 3.3S l'.O 51lty clay to clay 

1.?\t 3.5 10.6 (·.313 :1.7'1 0.0 silty clay tc clay 

I. 3<.· u 5.9 t1.~ ?.9B iJ.O !i lty clay tl' cla1· 

1 .~c u 9.9 U:JS 3.37 0,(1 sil t1 clay to day 

I.Sti .. ~ 10.0 Ct.Zi~ 2.73 0.(1 silty clay tt> cia;· 

I. SO 5.2 9.0 0.200 2.22 0.0 5illy clay to clay 
1.1~ 5.6 7.7 {1.151 1.56 0.0 silty clay tr. clay 

I . e\• 5.9 6.6 O.JL() 1.82 0.0 silty clay tG clay 
U1 6.7 5.5 O.CP~ 1.6? 0.(1 ~ensit:ve f1ne graiP~d 

2. ~ol) 6.6 5.6 (J,()il 1.77 0.0 ~ens1t1vt tir~ gra1ned 

2 .!(\ 6.9 5.9 o.os~ U3 0.0 ~ensttive fine gra1ned 

2.70 7.2 5.7 0.101 1.88 0.0 sen5itive f1ne grained 

2.3~ 'i.S S.J 0.071 1.39 0.0 sensitive tint gra1ned 
2. ,r. u ~.5 (•.05~ 1.52 o.o 5ensitive fine grair~d 

?.SO 8.2 ~.7 'i .l.U1 1.29 (l,l1 sen~1tive f1ne gra1~ea 
? ~fi ......... £.5 s.~ (1.01& u~ i1.u sensitive fine graH•cd 

7. il' a.s 6.5 0.100 !.56 O.ll ~er,$ihvr fl~ ~rainec! 

2.00 9.2 o.l 0.1(1•) 1.6~ (J ,, 
·' silty clay to clav 

2.Su 9.~ 5.6 ~.09£ J.7(l 0.!1 ~enslttve fine srelrocd 

3.W 9.8 6.3 f1 .u32 1.29 0.0 stnsit1ve fine gra1ned 

3.10 10.2 u 0.1 i3 1.75 (i. (: s1lty clay to cia? 

3.20 10.5 5.& o.css 1.&3 0.0 sensitive f i 11e gr a 1 ned 

3.~(1 10.9 5.0 O.Ct7& !.54 0 ,(1 sensitive fine 9rained 

3.~0 11.2 4.1 ft,i)78 1.6t 0.(• sensiltve f1ne g~a1ned 

3.50 11.5 4.& (t.059 1.29 0.0 sensitive f1nr 9ra1ned 

3.&0 11.9 u 0.05(1 1.02 ii.G sensitive f1nt grolntd 

3.iu !2 .1 5.9 (1,{~1 !.~:' 0.1) stn~itl'~ f1~e gra1nrd 

3.~ 12.5 6.4 li .00.3 l.J:! o.c ~n5Jt;ve fine groln~·~ 
:,,g.,. 1U 6.& ~.(.JI I .~ ' I iJ. ') sens:tive r,nc gtolneJ 

~ .00 I:; .I 7.6 0.1?-J l.SE 0.0 cl~ey s1lt to silty cl~ 

•.iO 13.~ 1.[ ~.!I~ J.S(l O.t cl~ey slit to silty clat• 

u~ 13.8 6.7 U.OS7 l.:iO 0.0 sensitive f1r~ sra1ned 

~ .:tJ l ~ .1 7. I O.OSL 1.71 0.() silty clay tl' clay 

uo IU 7.2 C:.ZZI 3.06 0.(1 s1lty clay to cl~ 

So1l 1ntrrpretation reference: fobrrts~n ' Ca.panella·IS83, ~sed on &01 halcer eff1c:erc;• and .! • sl1d1~ ~ra averag~ 



.. 

llErTII fiHlH n; rild lim r~ ~nTJt 111\. lNiC.mmr· 
-eter~ teet Qc ht h l~f : c '{;c • ·-' .. i dtE SOIL TYFL 

uo H.8 10.5 0.275 ~.63 0.(1 Silty clay to clay 
4.60 15.1 9.7 0.178 1.~ 0.0 cia~ silt to silty cla1 
UCt 15.4 i.9 0.187 2.36 0.0 silty clay to c1ai 
uo 15.7 7.4 ~.ISP z.u 0.0 silty ciay to clay 
uo 16 .I 8.8 0.714 2.4~ 0.0 si I ty clay to cla1• 
5.00 16.~ 9.1 o.m ?.53 (t,t1 silly clay t~ clay 
5.111 1£.7 P.f. t;.m i.C.? u.o ~!ltv tlay tc. cia~ 

':..~1) li .I ~.1 1).! 71.1 ~ .63 (;.0 ~1lly clay t~ clay 
5.3\t 17 .~ 9.5 ll. I l.J 1.91 to.<: silty clal' t~ clav 
5 .~(· 1 i .'1 S.~t l'. i Si ue o.u claye~ siit to silty cia;· 
5.5(1 IC.O 9.~ (I.!Si 1.7{1 0.0 clayey silt to ~i It~· c l:~y 
5.£0 18.~ 7.6 (l,(til &.93 0 ,(1 clcyty silt t~ siltv clay 
~.7(1 1~.7 7.3 tl .l1S1• (•.&9 (•. (I ~fi~ltJvt fine gra1nec 
5.8Ct 19.0 u U.05ii (US 0.0 ser.si hve fine gra1neo 
5.90 19.~ e.c ll.(l~~ {·.~- o.r. ~ns!b\'! fine grain~d 
b ,((. IS. i 9.5 •>. oas J.oq !i.v cl~~ty SliT t~ silry cloy 
L.J(I 20.\• 8.:' (t. (191:~ 1.1~ (1.{! cl~v s:lt to siit)' cl~r 
f.~O 2v.J VJ {·.liS :.4~ (l.v daft~ silt to silt;· clc-v 
6.3(1 2(•. j e.t 0.1?• !.S3 (: ,(1 cl!vt!' slit to silty clc:· 
£>. 40 2!.(1 B.O ii.125 1.56 0.0 ciayey silt to s1lty clay 

6.50 21.3 7.6 O.J:li I.BU 0.0 cl~ey silt t~ silty cia~· 

6.60 21.7 6.8 0.08~ 1.2~ 0.0 clayey silt to silty clay 

uo 22.0 1.3 0.07~ 1.09 0.0 sensitive fir~ gra1ned 

6.80 22.3 7.0 0.09i !.19 0.0 ~r.sitive fine gran.tc 
t.91) 22.£. i .I a.m 1.07 CJ.O sensi b\'t' fue gre1ntd 

7.00 23.0 £.8 o.os~ 0.80 0.0 sensitive fiee gra1ned 

7.10 23.3 6.~ 0 .(\41 0.59 0.0 sensitive fite grained 

7.20 23.6 i.O li .035 0.56 0.6 se~itive fite grained 

7.~ 13.9 6.J !1.0:7 n.42 0.0 ~e~;itl\'t' f1ne gra1nec 

i .~(1 ?U 6.:' ".01~ 1.2C 0.0 stroslhvt hne gra1r.~d 

7.5(1 2Ui 7.:) 0.(14! !1.59 O.P sensitive fine gra1ned 

?.&CJ 24.9 u U,(r50 0.66 o.o· sensitivf f1ne grained 

7.70 25.3 E.S O.(!J( (l.SZ IJ.O se~iti'e fine gr~intd 

7 .S;J 2S.£ ~.s It, (t41 6.6! IU1 ~ensit1ve ftnc grained 

7.9v 2U i.2 n.111~ i.O .. 0 J· seros1 b"~ hne 9• ol oed 

8.0'.1 ~~ ~ 
,~.~ S.' 0.! 4:! 1.70 i).iJ cla~ey Slit to ~1ltv cia; 

8 .1(1 26.£. 8.9 0.131 2.07 0.0 clayey silt to sllw ch~ 

a.?o 2&.9 s.e 0,209 ~ .lJ 0.0 clcyey s1!t to stl ty cia~ 

uo 27.: 9.£. (t.~(•3 2.11 (:.0 clayev ~ilt tc. silty cJ.s;• 

8.~ 27.6 S.E O.?i;S 2. iS 0.0 clayey silt tc silty clay 

8.5(1 27.9 9.1 0.167 J.8:t 0.0 cla!'tY silt to silty clay 

e .6(• 28.1 8.6 o.m 1.5~ 0.0 clc;ot)' s!lt to silty clav 

9,;0 28.~ 5.~ O.J?:l t.:Jg 0.0 clayey ~1!t t(l !llty cl~y 

8.80 28.9 8.4 0.177 ~.12 O.l\ daye~· sll t to silty cloJ 

(j,9(1 29.2 9.6 (•.219 2.18 0.0 ~ilty clar t~ clay 

9.00 29.5 5.5 o.m ~ 3~ lj,O $il tjl clo~ u, cl~· ..... 
9.10 29.~ !1.7 0.?((; :'.(~ O.l• s1it·• clar to riat 

uo 30.? 9.S 0.25~ £.5!1 O.Ci ~~~t~ ciay to cia; 

9. J('l 3Q.5 10.9 .U% ~.7J O.v sd t)' cl~· tc• clay 

9.40 30.8 10.2 0.266 !.61 0.~ s1lty clay to cl~y 

Soil Interpretation referenu: Robertson ~ Ca-paneJl&-1983, ba5ed on 60l ha•.er ettmrncy and .2 • d1ding data average 



- t • • .- 1 1-.- ....... rr -

£1£~TH r•t"nt~ li' ml'iiC~N ~~ f itliC· JUC JNTtr<FFETEP 

at te~~ fert Qc ~~~ ••• ••• f! 'ij;: : I dt!,l SOil TYPf 
'-

!i.S(I 31.1 JU it.29~ ~.ss 0.(• silty clay to clay 

9.E<• 31.5 ll.l 0.13~ :.li 6.6 cla~ey silt to ~iltv clay 
!1.1(• 3: -~ tJ.r (1.(1~- (t CCI 

·~· 
(1.0 sar~y ~itt to clayey ~1lt 

g .S;1 • "'I I' _,, .. 17.; . ~E ''· -
r •. s: (i.9 $andy slit to clayey ~i I~ 

9 .!I•:• 3Z.S ! !. J (l.!•: J.?B 6.0 clavty ~Ht to ~i J l!' cia" 

tr •. oc "(t J, . !Ct.& O.liO Lse C:.O clayey silt to s1ltv clay 

I !t.l C• :t:. J P..r (•.1 !£ n• 
! . .. l.· v.o clO!'t~· silt to 5i1t~· clay 

HJ .2i• ··" !" u 11.17· 1.~9 11.0 clavt~ silt to s1ity clay 

1(•.3(• ~3.~ s.s 0. iV:! 
... ,, 
l.b· Q.O s1lty clay to clay 

}(1.~ti ~·t.l !1.2 ll.30f ?.75 (\.I) silty clay to clay 

li'. Sr.: :~'t ... ~~ '• .... (1. 'if::, ' 9~ .. '. t.' (l. (I cia)• 
,,, .s·· :<d ~~ t '). 73J S.2F II .1) clae .... .... 
!0.7\1 =·~. i "·" .. 

~·- · I f• .9 .. ~: .. . 1~ :'. :• d <>·.'f'.' 5 Jl t t~ ~d t:: cl ~~· 

!C•.f1 2~ ..... r ... , .. ' . \.' i.: .. ~ . ·-... ~· (· . (! 
n 

Jl' .:.·· :r.F i".: .~ v.r~ 
~ 

:nl! j'~··~re:-it:ir" •t'trrr•ct: •o~r·t: r.n i (.~,pantli~-1983, b~std or. &Ut hil11~er efficiency a~d .2 ~ sl1cil~ d<~' •etrasr 



SOUNDING DATA IN fiLE SND-94 06-27-94 21:24 
OPERATOR : S.YAH LOCATION : P-9/BFC-KC HO 

CliEHT : ~ES JOB No. : DAC~39-94-M-5~62 

Vandehey Soil Exploration 
4Q695 Nw Pacific Ave. Banks, Oregon, 971~6 (5~3) 324 3261 

125 TIP Qc tsf versus DEPTH H I -
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SOUHDING DATA IN FILE SHD-94 06-27-94 21:24 
OPERATOR : S.UAH lOCATION : P-9/BfC-HC HO 

CLIENT : ~ES JOB No. : DAC~39-94-H-5e62 

Vandehey Soil Explo~ation 
4~695 Nw Pacific Ave . Banks, O~e go n. 9?196 (533) 324 3261 

2.59 FRICTION Fs tsf ve,sus DEPTH H I 
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SOUHDIHG DRT~ !H FILE SND-94 36-27-94 21:24 
OPERATOR : S~VAH LOCATION : P-9/BFC-KC HO 

CLIENT : ~ES JOB No. : DAC~39-94-H-5062 

Vandehey Soil Exploration 
49695 Hw Pacific Ave. Banks , Oregon. 97106 (503) 324 3261 

10 FR RATIO Fs/Qc X versus DEPTH H ! Mr' llrlrl~~--
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SOUHDIHG DATA IN fiLE SND-94 06- 27·9~ 21:24 
OPERATOR : S .U~H LOCAT ION : P-9/B fC-KC HO 

CLIENT : UES JOB Ho. : DAC~39-94-H-5g6 2 

Uandel1ey Soi i Exploi)ct tion 
40695 Nw Pacific Ave. Banks, Ore~on. 971~6 (503) 324 3261 

-T ~~-
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. . .. - - ~· 
DEPTH H 5.00 IN 

4.00 

3.00 I 

2.00 ---

1.00 
,_ __ 

_ L . 
~-...,. --~·-·-- -~· -~~, ~--" 0.0Q . . 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



SOUHDING DATA IN FILE SHD-94 06-27-94 21:24 
OPERATOR : S.VAH LOCATION : P-9/BFC-~C HO 

Cll ENT : ~ES JOB No, : DAC~39-94-H-5062 

Vandehey Soi 1 ExploNt ion 
49695 Nw Pacific Ave. Banks , O~egon. 97196 (593) 324 3261 

59 It SPT umus DEP!H K r 1 
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SCPT P-10 
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Operator 

Soundir.g 

Client 

) 

~ . -

e h e y 
S.VAN 

. SND-95 P!J 1 I . 

. WES . 

Depth Increment 

So 
. 

l l Ex p l 
CPT Date . 06-28-94 16. 09 . 

1 Location P-10BFC-KC MO 

SlE£VE FRICTION 
Fa (Ton/tt·2J 

0 2.5 
v 

. 

15-

) 

6,()J... ................................ 

.1m 

.Job No . . DACW39-94-M-5062 . 
FlllCTION RATIO 

fa/G Ill 
0 10 

0..---------, 

t5 

uv 

Max Depth · 35.43 ft 



SOUHOIHG DATA IH FILE SH0-95 06-28-94 16:09 

OPERATOR - S.VAN LOCATION · P- lOBFC-KC MO 

CLIENT · WES JOB Ho. · OACW39-94-M-5062 

V8ndehey So1l Explorat1on 
40695 Nw P8c1f1c Ave. B8nk~. Oregon. 97106 <503> 324 3261 

O£PTH DEPTH TIP F~ICTIOtl FR AATIO IHC IHTE~PRET£0 

,,eten feet Qc tsf h hf t~/Qc 2 l deg Sllll TYPE 

0.50 1.6 21.6 0.7&0 :l.3S 0.3 ? 

0.60 2.0 17.5 O.S62 5.48 0.3 clay 

0.70 2.3 16.0 0.755 Ul 0.! clay 

0.80 2.ii 17.~ 0.518 2.98 0.1 silty clay to clay 

0.90 3.0 IU 0.359 2.44 (jJ clayey slit to silty clay 
1.00 3.3 13.4 0.245 1.83 0.1 clayey sill to silty clay 

1.10 3.6 9.5 0.176 1.86 0.1 clayey silt to silty clay 

1.20 3.9 7.(l o.oss 1.36 0.1 clayey silt to silty clay 

1.30 u 5.4 o.m 1.•1 0.1 sensiti~ fine grained 
1.40 u 5.1 0.060 1.18 0.! sensitive fine grained 

1.50 u 5.9 ~.0:18 0.64 0.1 sensiti~ fine grau~ed 

1.50 5.2 5.6 0.060 Lot 0.1 sensiti~ fine grained 
I. 70 5.6 7.5 0.103 1.38 0.1 sensiti~ fine grained 
1.80 5.9 6.2 0.080 1.28 0.1 senslti~ fine grained 

1.90 6.2 5.4 0.05~ 0.98 0.1 sensitive fine grained 
2.00 6.6 4.8 0.023 0.47 0.1 sensitive fine grained 
2.10 6.9 u 0.022 O.H 0.1 sensitive fine grained 
2.20 7.2 5.5 0.015 0.28 0.1 sensitive fine grained 
2.30 7.5 u 0.006 (l.J4 0.1 sensitive fine grained 
uo 7.5 u 0.081 1.9• 0.1 sensitive fine grained 
2.50 8.2 5.4 0 .0:?6 0.51 0.0 sen~i tive fine grained 
2.60 8.5 4.7 0.023 0.48 0.0 sensitive fine grained 
2.70 8.9 u o.o2u o.u 0.0 sensitive fine gra1ned 
2.80 9.2 u 0.030 0.63 0.0 sensitive fine grained 
2.90 9.5 5.7 0.038 0.66 0.0 ~ensitive fine grained 
3.00 9.8 5.8 0.039 0.67 0.0 sensitive fine grained 
3.10 10.2 5.4 O.f•H 0.81 0.0 sensitive f1ne grained 
3.20 10.5 6.5 0.074 1.13 il.O ~ensitive fine grained 
3.30 10.8 8.1 0.13~ J.65 0.0 silty clay to clay 
3.40 11.2 1.1 o.m 3.57 0.0 silty clay to clay 
3.50 11.5 7.3 0.219 2.99 0.0 clay 

3.60 11.8 6.3 0.109 1.73 0.0 &ilty clay to clay 
3.70 12.1 6.1 il.084 1.37 0.0 ~nsitlve fine grained 
3.80 12.5 5.6 O.OS7 1.01 0.0 sensitive f1ne gra1ned 
3.90 12.8 5.2 0.~0 0.17 0.0 sensitive fine grained 
4.00 13.1 4.8 O.OJS 0.12 0.0 s~sitive fine grained 
uo 13.5 5.0 0.0.3 o.ss 0.0 ~nsitive fine grained 
uo 13.& 5.4 0.038 0.71 0.0 sensitive fine grained 
4.30 IU 5.3 O.MCI 0.75 0.0 sensitive fine grained 
uo IU 4.8 0.075 1.55 0.0 sensitive fine grained 

Soil illtel'flrebtion reference: Robertson l Caapanella-1983, based on 601 haaeer efficieiiC)' and .7 • sliding data ~~Yerage 



SND-9~ P-10BFC-I:C Mli 

DEPTH lOTH TIP H<ICTIOH U RltTIO 
eeters feet Qc tsf h bf fs/Qc 1 

u o 14.8 5 ? .. 0.03i 0.71 
uo IS.! u 0. 0"'1.1 0.&8 
4.7() 15.4 5.1 O.Cf.JO 0.59 
~.00 !5.7 u G.OH 0.91 
U <l 16.1 4.9 0.040 0.81 
5.00 16., u 0.028 0.61 
5. 1(• JS.i u 0.025 0 ~· # ... J 

5.20 I i .I 5.0 o.u3J O.CJ 
5.30 17.\ 5.2 0.031 0.59 
5.~0 17.7 6.0 0 .(i8q Ul 
5.50 IB.b 7.7 0.!20 1.65 
5.60 16., 7.8 u. 12s !.GO 
5.7(1 !U JCt.S 0.131 ?.21 
5.8¢ !S.O 8.5 o.m 2.62 
5.SO IS.~ 7.6 0.13~ 1.7& 
&.00 15.7 6.t 0. 107 1.62 
&.10 2u.ll 6.8 0.02S U£ 
6.20 2U 6.2 0.083 LJ<, 
6.30 20.7 5.7 0.081 U2 
6.40 21.0 5.8 0.095 1.63 
6.50 21.3 7.0 0.067 1.24 
6.60 2J.i 6.!1 O.O!IS 1.4~ 

6.70 2?.u 6.7 0.101 1.5(, 
6.80 22.3 7.5 0.1~ 1.78 
6.90 22.6 7.8 0.149 !.!13 
7.00 23.0 7.0 0.130 1.86 
7.10 23.3 8.0 0.11!1 U9 
7.2il r.l.6 8.2 0.155 1.8:! 
7.:!0 23.~ 8.9 0.121 2.49 
7.40 r;' " .... , 9.8 o.m 2.4~ 

7.50 2di 10.3 0 .IllS I.S3 
7.6(1 ~~.9 9.8 0.183 1.85 

7.70 2SJ 5.7 0.153 l.Sll 

i.80 25.~ 9.1 0.233 2.57 
7.90 25.~ 9.9 0.239 2.40 

8.00 26.2 9.5 0.198 2.08 
8.10 76.6 9.1 0.169 !.ll7 

8.20 26.9 9.1 0.16(; J.el 

8.30 27.2 9.2 0.127 1.38 

8.40 27.E 8.!1 0.180 2.02 

8.50 27.S 10.5 0.230 ?.20 
8.&0 2U 10.0 o.m 1.1~ 

8.70 78.£ 11.3 0.2UI 1.18 

8.80. 28.9 11.8 0.253 2.14 

8.!10 29.? 12.2 (1.192 ).5[! 

9.00 29.5 12 .I 0.251 7.00 

9.10 29.9 11.2 o.m 1.~ 

9.20 30.2 11.1 O.J71 1.54 

9.30 30.5 10.8 0.129 1.70 

9.~ 30.8 10.4 0.15!1 1.53 

(lf,-26-94 1 0: 0~ PAGE 

lHC 1NTERPR£T£D 
Ideg SOIL TYPE 

0.0 sen.sitive tine grained 
0.0 aen.si tive fint grained 
0.0 sensitive fine grained 
0.0 sensitive fine grained 
0.0 sensit1ve fine gra1ned 
0.0 sen.sitive fine grained 
CI.O seo~itive fine greined 
0.0 sensitive fine grained 
0.0 sensitive fine grained 
(1.0 sensitive fine gra1ned 
0.0 clayey silt to silty clay 
0.0 cJ ayey si It to si I ty cl av 
0.0 silty clay to clay 
0.0 silty clay to clay 
0.0 silty clay to clay 
0.0 silty clay to clay 
0.0 sensitive fine grained 
0.0 sensitive fine grained 
0.0 sensitive fine grained 
0.0 sensitive fine grained 
o.o sensitive flae grained 
0.0 sensitive fite grained 
0.6 clayey silt to silty clay 
0.0 silty clay to clay 
0.0 silty clay to clay 
0.0 silty clay to clay 
0.0 clayey silt to silty cia)• 
0.0 silt'/ clay to clay 
0.0 ~ilty clay to clay 
0.0 silty clay to clay 
(1.0 clayey silt to silty clay 
0.0 clayey silt tG silty clay 
0.0 clayey silt tG ~ilty clay 
0.0 silty clay to clay 
0.0 silty clay to clay 
0.0 clayey ailt to silty clay 
0.0 clayey silt to silty clay 
0.0 c1 ayey s i1t to silty c1 ay 
0.0 clayey silt to $llty clay 
0.0 clayey silt to ailty clay 
0.0 clayty silt to silty clay 
0.0 clayey silt to silty clay 
0.0 clayey silt to silty clay 
0.0 clayey silt to silty clay 
0.3 clayey silt to silty clay 
0.0 clayey si It to silty clay 
0.(1 clayey silt lo ~ilty clay 
0.0 clayey silt to silty clay 
0.0 clayey silt to ~ilty clay 
0.0 clayey silt to si I ty clay 

... . 

Soil interpretation referrnce: Robert~or ~ Caapanella-1983, be~ on 601 hau er efficient)' "ld .7 • slidi~ data avenge 



SND-9~· P-1 OBFC-I:C MO 0Eo-2t:-94 16:09 PAGE "' -· 

Dt'"fTH ll£Plli 1lf rPJCTION r~ ~o.i H:J Ill( 1Hl£RPRE1EII 

eeter~ feet Qc bf Fs tsf h / ('C ! j de!! SOIL lYfE 

s.so 31.7 11.1 0.153 1.3i' 0.1 clayey silt to silty clay 

9.60 31.5 10.9 () .106 0.9i 0.1 clayey silt to silty clay 

9.76 :ll.B IO.Ii 0.092 (l.~i' O.J clayey silt to silty clay 

5.80 31.2 11.0 0 . 1\~ J.n 0.1 clayey silt to silty clay 

9.90 31.5 JO.S 0.11::! l.J7 0.1 clayey silt to silty clay 

10.00 32.8 10.5 u .182 ).;I 0.1 clayey silt to silty clay 

16.10 33.1 9.f. 0.276 ~.rB 0.1 clayey ~ilt t~ silty clay 

10.20 33.5 16 .4 (o JOJ . ., 0.0 claye~ silt to 5ilty clay ! .(: .. t 

10.3(1 33.8 IO.i o.:Jo:. ' .. 0.0 sandy silt to cl&yey silt .: • ti t.• 

10.40 3U 36.e O.H5 . '" 0.0 sandy ~ilt to clayey silt l ... 

10.50 3~., 3&.6 o.m J.3f• 0.0 silty sand to sandy silt 

10.60 3U 80.1 1.:'17 • C'i 0.0 silty sand to sandy silt 1 . .. .. 

10.70 3S.J su J.l:r.l 1.!:. 0.1 
,, 

10.80 1.i.i 172.2 ? ? 0.1 
~ 

I 

Sl>i! 1nte!1'retabon referencr: ~obtrho1o t Cacpanella-1983, ba5ed on 601 twaer ffficitncy ~ r..: .? • s1Jd1r.g da>o a.•tragc 

• 



SOUNDING DATA IN FI LE SND-95 G6-28-94 16:~9 
OPERATOR : S.VHN LOCATION : P-lgBfC-KC HO 

CLIENT : ~ES JOB No . : DAC~39-94-H-5062 

Vandehey Soil Explorarion 
40695 Nw Pacific Ave. Banks , Oregon. 97196 (503) 324 3261 

125 TIP Qc tsf versus DEPTH H I I 
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SOUNDIHG DATA IN FILE SND-95 06·28-94 16:09 
OPERATOR : S~UAH LOCATION : P-lQBFC-KC MO 

CLIENT : ~ES JOB HoI : DAC~39-94-M-5062 

UandelleY Soi 1 Explol'ation 
40695 Hw Pacific Ave. Banks, Oregon. 97196 (5U3) 324 3261 

2 ~ 59 FRICTION fs tst' versus DEPTH H I 
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SOUNDING DATA IN fiLE SND-95 06-28-94 16:09 
OPERATOR : S.V AH LOCATION : P-10BFC-MC HO 

CLIENT : UES JOB No. : DAC~39-94-H-5062 

Vandehey Soil ExploPa tion 
40695 Nw Pacific Ave . Banks, Oregon. 97106 (5g3) 324 3261 

10 fR RATI O fs/Qc X versus DEPTH H - I I 
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SOUNDING D~TA IN FILE SN0-95 06-28-94 16:09 
OPER~TOR : S.UAH LOCATION : P-1QBFC-MC HO cu nn : ~ES JOB No. : DAC~39-94-H-5062 

Vandehey Soil E~ploration 
4~695 Hw Pacific Ave. Banks~ Oregon. 97106 (5g3) 324 3261 

5.09 INC I deq versus DEPTH M J 
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SOUHDIHG DATA IN FILE SND-95 06-28-94 16:09 
OPERATOR : S.VAN LOCATION : P-10BrC-HC HO 

CLIENT : UES JOB No, : DAC~39-94-H··S062 

Vandehey Soil Explorat ion 
4G695 Nw Pacific Ave. Banks~ Oregon. 97196 (593) 324 3261 

SQ H SPT ve~sus DEPTH H I 
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SCPT P-11 



Va 
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QJ 
QJ 
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o... 
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n d e h e y So 
. 

l Ex p l l 
Operator S.VAN CPT Oate 06-28-94 19:36 

Sounding SN0-97 Pg 1 I 1 Location . P-11/BFC-KC HO . 
Client . WES . 

C{M. PRESSlR: 
Oc (Ton/rt·2) 

Depth Increment 

1 

SlEDE fRICTION 
fa tTon/tt•2) 

0 2.5 

.1 Ill 

.Job No . 0ACW39-94-H-5062 

fRICTl~ RlllO 
fa/Q Ill 

.. 

.. 

INTEJflRETED 
PRtFILE . 

. 

Hax Depth · 35.43 ft 



SOUHOIHG DATA IH FILE SH0-97 06-28-94 19:36 

OPERATOR · S.VAH 
LOCATIOH ; P-11/BFC-KC MD 

CLIEHT · \JES JOB Ho. · OACW39-94-M-5062 

Vl!lndt!>hey So1l Explorac1on 
40695 Nw Pactf 1c Ave. SanJ.:~, Oregon. 97106 ( 503) 2\~4 3261 

OEPlH D£PTH TIP rRJCliOH FR RATIO IIIC IHmFRET£il 

•eter~ feet Qc tst Fs hf Fs/Q~ ~ I deg SOIL TYF£ 

1.00 5.9 5.0 (1.057 l.l4 0.1 ? 

1.90 6.2 5.5 o.caa 1.61 0.1 sensitive fine grained 

2.00 6.6 6.1 O.ll7 1.92 0.1 silty rlay to clay 

2.10 6.9 6.8 O.H8 £.18 6.0 silty clay to clav 

2.20 7.2 7.5 O.H3 1.92 0.0 silty clay to clay 

2.30 7.5 8.8 o.m 2.7~ 0.1 silty clay to clay 

2.~0 7.9 10.7 o.m 3.89 0.0 clay 

2.50 8.2 10.7 0.~60 U7 0.0 clay 

2.60 8.5 8.6 0.~09 4. 74 G.O clay 

2.70 8.9 6.1 0.204 3.34 0.0 clay 

2.80 9.2 5.4 0.290 5.34 0.0 clay 

2.90 9.5 5.6 0.215 3.85 0.0 clay 

3.00 9.8 5.0 0.139 7.ll0 0.0 clay 

3.10 10.2 5.~ 0.175 3.24 0.0 clay 

3.20 10.5 5.4 0.146 2.69 0.0 cla~· 

3.30 10.8 u o.m 2.s; 0.0 clay 

3.~ 11.2 5.6 0 .lr.l 2.39 0.0 clay 

3.50 11.5 4.8 0.12C 2.47 0.0 cloy 

3.60 Jl.8 u 0.095 1.95 0.0 silty clay to cloy 

3.70 12.1 u 0.086 !.83 0.0 silty cloy to clay 

3.80 12.5 5.0 O.OS3 1.6~ 0.0 silty cla)• to clay 

3.90 12.8 5.2 o.osa 1.67 0.0 silty cloy to clav 

~.00 13.1 5.2 0.094 LBu 0.0 silty clay lo clay 

uo 13.5 5.3 0.082 !.55 0.0 sensitive fine gra1ned 

4.20 13.8 5.4 0.071 1.33 0.0 sensitive fine gra1ned 

uo lU 5.~ 0.0&8 1.24 0.0 sensitive fine grained 

uo IU 5.8 0.126 2.16 0.0 silty clay to clay 

uo 14.8 6.6 0.131 1.98 0.1 silty clay to clay 

~.60 15.1 6.3 0.105 1.61 0.1 silty clay to cla~ 

uo 15.4 5.9 0.055 0.97 0 .I sensitive fine gra1ned 

4.80 15.7 5.1 0.075 us 0.1 sensitive fioe grained 

uo IIi .I 5.9 0.057 0.95 0.1 sensitive fine grail;ed 

5.00 16.4 6.0 o.on 1.20 (t .I sen~Jtive fine ~raintd 

5.10 16.7 6.5 o.oss !.4& 0.1 sensitive f1ne gra1neG 

5.2(1 !7.1 6.7 0.121 uo 0.0 silty clay to clay 

5.30 17.4 8.2 0.163 1.98 0.1 silty clay to clay 

5.40 17.7 13.1 C.34\ 7.&3 0.1 clayey silt to silt~· cia~ 

5.50 18.0 17.2 0.495 2.87 0.1 silty cla-1 to clay 

5.60 18.4 19.3 0.884 q,~ 0.0 silty clay to clay 

5.70 18.7 19 .I 0.731 3.8~ 0.0 silty clay to clay 

Soil interpretation reference: Robertson l Caapanella·19S3, based on 601 haaeer efficiency and .2 • sliding data ~~Ytrage 



SND-97 P-11 /BFC-~:C HO " 

DEPTH DEPTH TIP rRJCTIOH FR RATIO INC JKTEF.Ff[l£0 
~oetel"$ fett Qc bf h bf h!Qc 1 1 deg SOil T)'f[ 

5.1:10 19.(1 17.2 o.rn Uli 0.(1 silty clay to clay 
5.90 19.~ 17.6 0.639 3.6~ 0.0 silty clay to clay 
&.00 19.7 16.7 o.s5q 3.32 0.0 silty clay to clay 
6.10 20.0 26.1 0.~, 3.&2 0.6 silty clay to cie)• 

6.20 20.3 1&.:1 0.690 3.77 0.0 silty clay t~ c!<~ 
6.30 20.7 16 .I 0 0,113 3.60 6.0 silty clay to clay 
uo 21.0 13.S 0.3i7 ?.79 0.0 clayty silt to siltu clay 
6.50 21.3 17.1 0.~95 2.89 0.1 clayey silt t~ slit>· day 
6.&0 21.7 15.4 0.557 3.61 0. l silty clay to chl 
6.7(! 22.0 12.9 0.1JG 2.60 0.1 silty clay to cia~ 
6.00 22.3 12.~ 0.39? 3.15 O.J clayey silt to silty clay 
6.90 22.6 IL.4 0. ,10 2.50 0.1 clayey silt to s1itv clay 
7.00 2J.(l 17.5 0 0 3!;6 2.0~ 0.1 clayey silt to silt~ clay 
7.10 23.3 11.5 0.289 2.51 0.1 clayey silt to silty clay 
7.2(1 23.& 8.7 O.ISO ~.07 0. l clayey silt to ssl ty da7 
uo 23.9 8.5 0.152 1.78 0.1 s1lty clay to clay 
uo 2U 7.0 O.ISJ HI 0.1 silty clay to cl~; 
7.50 2U 7.5 c.m 2.31 0 .I silty clay to cloy 
7.60 2U 8.4 0.21, 3.26 0.1 cla~ 

1.10 25.3 8.6 0.291 3.36 0 .I silty clay to clay 

7.80 25.6 8.7 O.J7l 1.97 0.1 silty clay to clay 

7.90 25.9 7.3 0.116 1.59 0. l clayey silt to silty clay 

8.00 26.2 1.1 0.105 Uli 0.1 clayey silt to silty da;-

8.10 26.6 8.9 0.123 1.37 0.1 clayey silt to slltv clay 

6.20 26.9 8.~ 0.2~ 2.44 0.1 silty clay to clay 

8.30 27.2 7.8 0.147 1.88 0.1 silty clay to cl!~ 

8.40 27.6 8.9 0.229 2.Si 0.1 silty clay to clay 

8.50 27.9 9.7 0.270 2.9~ 0.1 silty clay t.o clay 

6.6(1 28.2 9.3 0.212 2.79 0. l silty clay t~ cla, 

8.70 26.5 10.3 0.23f: 2.30 0.1 silty cle~ to clay 

s.au 28.9 9.3 0.754 2.77 0.1 :;il ty clay to cla>· 

8.90 29.2 10.& 0.266 7.51 (i 0 l silty clay to clay 

s.oo 29.5 9.5 0.219 2.31 0.1 clayey silt to silty clay 

9.10 29.9 9.5 0.12~ 1.35 0. l clayey silt to s1lty clay 

9.20 30.2 S.3 0.092 !. l 1 0.1 clayey silt to silty clay 

9.3Ci 30.5 s.~ 0.290 3.C~ 0. l clayey silt to silty clay 

S.4Ct 3(1.£ 26.f. o.m u~ (1 .I clayey !ilt to Slltv clay 

2.su 31.2 35.3 1.139 3.2J 0.1 clayey silt to silt~ clay 

9.60 31.5 52.8 1.55~ 2.9~ 0.1 clayey silt to silty city 

9.70 31.8 37.7 1.452 3.85 0.1 clayey silt to silty clay 

9.80 32.2 32.6 U~4 us 0.1 :;il ty tlay to day 

9.90 32.5 13.1 U48 ~.29 0.1 silty clay to cley 

ICi.OO 32-S 45.8 J .672 3.6~ 0.1 clayey silt to s1lty cley 

)(1.10 1J.l 41.3 1.922 U5 0.1 clayey silt to silty clay 

10.20 1J.5 JS.J 1.021 1.68 0.1 clayey slit to silt~ de:• 

10.30 33.8 69.~ i.OSS 3.00 0.1 clayey silt to s1lty cley 

10.40 34.1 33.2 2.499 7 .S2 0.3 silty chy to cleo; 

10.50 3U 72.0 2.972 4.13 0.2 si I ty chy to cloy 

10.60 3U 65.0 3.935 6.0S 0.2 very stiff fine grllntd (•) 

10.70 35.1 101 .8 4.225 us 0.2 ? 

Soil interpretation reference: Rober~n & Calpanella-1983, based or. 60: beater efficiency end .2 • sliding date average 



SN0-97 P-11/BFC-t:c. MO 06-28-94 19:36 

DEPtH DEPtH TIP fRICII~ fR RATIO JIIC 

~tekr~ feet Qc bf Fs bf Fs/Qc 1 I deg 

IHIW'R£T£D 
SOIL TYH 

10.80 35.~ 115.6 ? 0.? 



SOU~DIHG DATA IN fiLE SHD-97 06-28-94 19:36 
OPERATOR : S.UAN LOCATION : P-11/BfC-XC HO 

CliENT : ~ES JOB ~o. : DAC~39-94-H-506 2 

Vandehey Soil Expl oration 
4Q695 Nw Pacific Ave. Banks ~ Ol'egon . 9'H06 (503) 324 3261 
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125 TIP Qc tsf versus DEPTH H 
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SOUNDING DAT A IH FILE SHD-97 06··28-94 19:36 
OPERATOR : S.VAH LOC~TIOH : P-11/BFC-KC HO 

CLIENT : ~ES JOB No. : DAC~39-94-M-5962 

Vandehey Soil Expl o~a tion 
4~695 Nw Pacific Ave. Banks, Oregon. 97196 (5Q3) 324 3261 

2.59 FRICTION Fs tsf ve~sus DEPTH H ~ 
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SOUNDING DATA IN fiLE SND-97 96-28-94 19:36 
OPERATOR : S.UAH LOCATION : P-ll/BfC-KC HO 

CLI EIH : ~ES JOB Ho. : DAC~39-94-H-50o2 

Vandehe~ Soil Explo~ation 
4Q695 Nw Pac ific Ave, Banks, O~egon. 97106 (5Q3) 324 3261 
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SOUNDING DATA IN FILE SHD-97 06-28-94 19:36 
OPERATOR : S.UAH LOCATION : P-11/BfC-HC MO 

CLIENT : UES ,JOB Ho. : DAC~39-94-H-5062 

Vandehey Soil Explo~ation 
4~695 Hw Pacific Ave . Banks, O~egoo. 971~6 (5~3) 324 3261 

5.39 IHC I deq veFsus DEPTH H I I 
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SOUNDI~G DATR IN fiLE SND-97 06-28-94 19:36 
OPERATOR : S.VRH LOCATION : P-11/BfC-~C HO 

CLIENT : ~ES JOB ~o. : DAC~39-94-H-5062 

Vandehey Soil Explofation 
40695 Nw Pacific Av~ . Banks, O~egon, 97106 <503) 324 3261 

59 H SPT ve~sus DEPTH H I 
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SCPT P-12 



Va 

-

I 
r 
CL 
UJ 
0 

0 

1 

n d e h e y So l l Ex p l 
Operator . S.VAN CPT Date 06-30-94 20: 07 . 
Sounding SN0109 Pg 1 I 1 Location P-i2/BFC-KC-MO 

Client . WES . 

CONE PRES!UIE 
Qc fTon/ft.2J 

125 

Depth Increment 

SLEEVE fRICTION 
Fa llon/ft ·21 

_o 2.s 

) 

15 

*) 

.1m 

.Job 

1 

No . OACW39-9~-M-5062 

fRICTION RATIO 
Fs/Q Ill 

0 10 0+-..._..__ .......... "'---4 
v 

15 

. 

INTEFFRETED 
PFU"lLE 

.cs 

. 

Max Depth : 36.75 ft 



SOliNOIH G OA1 A JIll F 1l f: SNO J 0~ OR-:1 0-~4 ?0: 07 

OPERATOR S. VAH LOCATION P - 1?/RFC-KC-Hn 

CLIENT WES 
JOB Ho. · OACW39-94-M-5062 

v~nde-he-y Sol J Explc•r.5t !C•n 

i.&t)(,OC:, Nw Pac I f !C Av~ . f .. :;nk~. (1r€"QC•n. 97106 (so::;: 3:?4 ::.~Col 

[I[~Th [l£~111 Tif fF,JiTJ[II; ~• P41 !ii j!Ji. II!THPRETH 

r.~ttr~ ire' ~ - t ~' '' t ~· .. ~ ;(·r ~ 1 ceg SOIL mr 

l'. ~., !.[. ~' i ( ,. .. ,,. J.::. ~.(• 
~ 

...... .. ,I ,J. It' 

(J .E~ 7.0 lB.t. C•. <: l ., . : 0.{' !>andv si it tt> clay~v sll: ...... 
..... 7(1 ~ ... :~ l·.f 

·.~,. 1. ;~, ~.I cla)>'P!' ~ih to si l h· rll'" t: • .:!' 

U) ' l,.~ I'.: l!. 2:·~1 I . • 
• . t.! u .! rlavey ~1lt t~ ~1lty clat 

(t.9';• J.(l h.t {t.24: U£ ''.I claye~· !-ilt to ~ilty d.-v 

I .fJi• 3 .. .. 13. ' 1l.1er 1.3< 0 .l clayey slit to siity cl~v 

!.lv :.u li.t r •. n;, LSS 0.1 day~v silt to silty cl!:· 

!.2Q ').9 J~ .s o.z: .. 1.~·7 l!.ll davey silt to sdtv eta;· 

Uli ".:4 I' -.. ~ • I (•.235 ·~ .. · ~· (1 . (' clayey slit t" silt~· clar 

!. 47! • .E iJ.[ • 2''"" u .... to i. ij &.1 ciayey 5:it to s11ty cia~ 

).5(1 u 13.!< o.nr. 1 ~-.I>: 0 .J clayey silt ttl ~1lty rl~~ 

1.60 5.2 13.2 UOj 1.~ 0.1 clayey sil t to silty clay 

1.10 5.~ 11.8 0.2JS 1.~ 0.0 clayey silt to silty clay 

1.6\1 5.5 9.1 0. !81 2. Co"• 0.1 silty clay to clay 

1.5'1 6.2 S.l (1.):£ 2 ~· • I ! 0. I s1lty cl~ to cla) 

2.00 6.6 7.6 us "' f";~ 
J - ~-

(' . • I silty clay to cley 

2.10 u 1::.1' 0.1.1{1 7.7(: 0.1 ~ilty clay to clay 

1.20 7.2 13.0 0.3!0 2.38 0.1 cia~~ silt to silty clay 

7.:1\1 7.5 1J.7 0.31i 2.il 0.1 clayey silt to silty clay 

1.40 7.9 10.7 (1.2~4 1.9! (:.! ciayry silt to silty clav 
,. r_1 1 ... e.? lU {• .1~:; J.(~ O.l clayry ~i It t~ si lt1• cl~" 
~ bi 
L • ' &.r 10 ,(l n. te: • 0' 

L\.1£ 0. j clayey silt to silly cl~y 

2.711 8.9 P.5 ~.If.~ J.5S (1. j rlayry silt to silty cla; 

' sn L • . 9.2 - I> t .... 0.165 l: ,,'\i ~ . j silty clay to clay 

Z.Sv 9.5 -;-,; (1 .J4. 1 ., .. O.l si It~ clav to cl~y 

"Ot 9.& j',j O .. i:r. ' -- r, .1 ~~~ t, clay to clay 
"' 

0 tj • 

3. Jil 10.2 u iJ . I 3 :· ;.s:. (1.1 silty clay to clay 

3.20 10.~. i.S (1.1 ~(· us 0. j silty cl&y to ciey 

=· .3(• JCI.~ ' G b •• (1.12: I If. (t 1 ~i It~ clay t" cl~y 

3 . ~(· 11.1 t.7 0.1: : .~''\ i: .I sli t 'i clay to cla1 

J.50 JU f..f 0.1~? u: {1.] silt\· day to cia)' 

3.60 !I.e 7.1 (J. !3f 1. ~= 0.1 silty clay to cle~· 

3.70 17 .J ~ G 
1.. fo.Jj. ~ . "s lJ .I d&vrr ~ilt to s1Jiy cll't 

:l. p..j 12.5 i.f 0. 1:0i I " .. . . -- 0.1 clayey $i If to s1 lty cl~~ 

3.9-:· Ji.B i.f, ('.J:•:i J. i: (• .l cl~ry s1lt t o s1 lty cl B)' 

uo '3 I • • • 7.6 0.13~ 1.77 0 .I silty clay to clay 

U<' 13.~ 7.£. fl.lt! ~.! l (, .: si I •v da1• ttt cl ar 

u~ I~ .8 u 0. !•Co i .!·5 iU sil~· da, tc clay 

~.3\1 IU 6.e (i. JY.i 1.!.!5 (1. j ~1ltr clay tt~ clav 

4 •• o JU 7.7 U. t~:· 2. j~· ii.l s: it~ cia~ t.{) clay 

St'1 I intrrprehtitm referrnte: kt't~rrhor ~ (.aapalll'il~-l9B3 , l:ta~.ed em 601 he•etr efficltnty !no .~ • sliding data avtril9t 
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SOIL TYH 

t-.1 clavey silt tr !'Jlty clay 
0.: claye~ silt to silt~ clay 
0,7 s1lty clay to cl~~ 
0.2 silty cl~! to clay 
(1.:> sJJty cia~ tCI cl~y 

•j.: slltl' day to clay 
(o.~ d~'f')' ~lit t~ ~ilty rH~v 

tl.i clayey slit t~ Slit~ cla;· 
0.~ t"Javr;• 5lh t~ 5ilty d/1;' 

''· 4 davey s!l i to si H1• cl ~y 
1i.:1 dayey sli t tr. sllt11 cia: 
C•.J cla:,ev sJlt tQ silty cl~;· 
eo.; clayey sllt t~ !'llty cla; 
0.5 cla;·ey silt to s1 lty clay 
0 .~ clayey silt to silty clav 
c.~ cia:~;· silt to silty clay 
0 .• c!ay~u silt b! silty cla1· 
u.S cla1•ey silt to silty cia\' 
O.S clayey silt to silty clay 
O.S cleyey silt to silt? clay 
0.6 clayey silt to silty clay 
0.6 clayry silt to silty clay 
0.6 cleyty silt to silty clay 
O.E clayey silt to silty cJa,· 
0.5 clayey s1lt to silty clay 
0.9 clayey silt to sllty clay 
O.S clayey silt to silty cla~· 

0.9 clayt~ silt to s1lty tlay 
(1.5 rlaye)· silt tc• slit:; cl~y 
O.S clayey slit to sllty clcy 
J.f' clayey s1lt lo ~llty ciav 
!.0 sandy silt tr clayey stlt 
1.: 5andy s1lt to clayty silt 
1.~ sand/ s1lt ro clayey stlt 
J. ~ se~d>· s1l t t~ clayey sll I 
1.~ sandy s1lt t~ clayey silt 
!.~ sandy silt to clayey silt 
U clayey stlt to stl t y chy 
J.i clayty silt tCI ~llt)' clay 
1.7 clayey silt to silty cley 

2.7 
2.2 
i.i 
2.~ 
2.7 
2.7 
2.7 

davr~· s1lt tCI s1lty clay 
claJil'~ sd t to s1ltv cia~· 
clayt~ Slit ttl Sl J t:• eli')' 

clayey s1Jt to s1lty clay 
clryty ~i l t to s1lt~ c!a~ 
clayey silt t~ slltl' clay 
cia~ silt to silty cla: 
clayey silt to s1lho clcl' 
claye~ slit to silty clay 
clayey slit to s1lt~ clay 

Soil intrrpretation referenct: ~obertson l Caapanella-J9P3, based on 601 halter rfficiency end .2 • sl1d1ng d6ta avrr~ 



f-1 ~:/ EFL'-i'r -MC· 

fHIH rr£PTH m HJCTJ[f; rF ~ATJ[J ]1;.~ JHT£mmr· 
~ttters fe~t ~c bf Fs hf Fs/Qc ~ Ides SOIL TYfE 

S.SC1 3U 12., 0.236 U2 7.P. clayey s1lt tCI silty cl11y 

~.to 31.5 11.3 0 ~3" .. " 7.ll ?.S clayey silt to 5llty clay 

~.7(1 3J.B S.f; 0.2il(• 2.(15 3.0 clayey :111! tc 5ilty rl"l' 

s.~ 32.1 9.f 0 .ITS 1.75 3.0 clayey ~m to silty clay 

5.911 3~.~ B.~ r..m i.£c~ :u si It\' clay to clay 
J(t,(~l 32.E ! 5 .I 0.~11 • -6 l.: J, i clayey silt to s1Jty clay 

~~~ . J•.t ~3.1 !J .t. (~ . 37~ t.. ~~· :i.l cl~ve~· slit tc dlt1• cia;· 

: ~· .:l~ y • .. L:. t9.5 0.('3: u• 3.1 sandy sll~ to clii~Py si J• 

! ~·. j .". 33.S :Jc .E (J c~ . :l , J l.li· 3.~ sandy silt to cl a1·c~· si J t 

ll•. , (1 3U 26.~ fl. 74; i.F.l :c3 ~cndy silr tc rl~•ev s1Jf 

!i .:9 :·~ . ~ :.l! • ~ (J "·' ·' . ~~.-~ :•. ~ sandy silt to clayey :ilt 

•'· . E•• :h .t ;'t'· '., £: . i S~r !.uS .:.b slJ ty ~er.d tO s~nd~· sd ~ 

jf .. i i• 3~ .l ~:' . J 0,2\J 
' ' · j:; ~.~ sandy silr to clayty s1lt 

l~.~J 3; .~ 7U o s·· . r' 3.23 3.e sa11dy sll t to c),~·ey si h 
11•.~(1 :!U '8 .11 (1.7]7 U9 - .(1 5ar~y ~il~ t~ cl~~y ~ilt 

I; .r~ 36.: 3~.7 (U&; • t;':. 
I • .!L 3.9 51 it!' 5and to 5and~· ~i It 

! ! J(· 36.1 5?.7 f•.359 II .f,f. U ' 'I 

1' "(, •• • l . 36-• I 13S.J .. ~ 
. .. 
".L 

': 

Soil 1nterpretat1on reference: ~obertson I Caapar~lla-1983, based on ~t haa1er eff1c1enty ar.d .2 a 5liding data average 



SOUNDING DATA IN FILE StiD1~9 ~b-30-94 20:07 
OPERATOR : S.VAN LOCATION : P-12/BFC-KC-HO 

CLIENT : ~ES JOB No. : DACU39-94-H-5062 

Vandehey Soil Explofarion 
49695 Hw Pacific Ave. Danks1 O~egon . 97196 (503) 324 3261 
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SOUNDING DATR IH fll[ SliD139 06-39-94 20:07 
OPERATOR : S.UnN LOCATION : P-12/BFC-HC-HO 

CLIENT : ~ES JOB No, : DAC~39-94-H-5062 

Vand~hey Soil Explo~ation 
40695 Nw Pacific Ave . Banks/ O~egon, 97106 (503) 324 3261 
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SOUimiHG DATn Ill flU SliUlU1J 06-30-94 20:07 
OPERATOR : S.UAN LOCATION : P-12/BFC-~C-HO 

Cll ENT : ~[$ JOB Uo, : DACU39-94-H-5062 

Vandeh~y Soil ExploFatton 
4B695 N~ Pacific Ave . Banks ~ Oregon. 97106 (~03) 324 3261 
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SOUNDING DATA IN FILE SND109 06-30-94 20:07 
OPERATOR : S.UAN LOCATION : P-12/BFC-~C-MO 

CLIENT : ~ES JOB No. : DAC~39-94-H-5~62 

Vandehey Soil Explo~ation 
4~695 Nw Pacific Ave. Banks, Oregon. 97196 (503) 324 3261 
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SOUNDING DATH In fllt ~ND1~9 ~6 -30~ 94 20:97 
OPERATOR : S;UAH LOCATION : P-12/BrC-~C-HO 

CliENT : UES JOB No. : DAC~39-94-H-5062 

Vandehey Soil Expl o~a tton 
40695 Nw Pacific A•Je. Banks, Ok1egon. 97106 (503) 324 3261 
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SCPT P-13 



Vandehey Soil Expl 

-~ 
Q) 
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Operator 
Sounding : 

Client 

S.VAN 
SN0110 
WES 

Pg 1 I 1 

s.£EYE FRICTIIJf 
F1 CTon/tt•2l 

CPT Date 06-30-94 21: 30 
Location P-13/BFC-KC MO 
~ob No . : OACW39-94-M-5062 

FRICTIIJf RAllO 
Fa/Q IIJ 

IH IE>fltt"TED 
PRIFILf 

125 0 2.!5 o-------, 

. 

1 

Depth Increment : .1 111 Max Depth 38 . 39 tt 



SOLII-101 NG: DATA JIJ F 1 LF S NOl J 0 06-30-q4 2 J : :,r, 

OPERATOR S.VAN LOCATION · P-13/BFC-KC MO 

CLIENT WES JOB No. • DACW39-94-M-5062 

V~nclt:-he-y Sc•JI Explc•re~t. J.:·o·, 
MJ(.g~. l~w Fauiv Av~. E<-:;nl:::. Oregon. 971(1(, ( ~.~.;. ) ~: ... ;.~£-,J 
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~. 3i>:l 
0.30-t 
0.249 
1).24J 
11.777 
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ll. 2:!: 
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{•.2~7 

(J.21~ 

f .16/ 
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r .12~ 
r, .%~ 
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J. ·-

3.f .. 

• 0 J7 
... ~& 
'.31\ 
U2 
3.73 
UB 
:t.e~ 

~.32 

~.s~ 

~.4(1 

U& 
7.~9 

7.SJ 
7.1S 
8.79 
H.l1~ 
: .( . 

~ ~~~ 

:.s~ 

:.;'-
~ c• ... c • 
') :;r 

- • o#.-' 

' -~ • • b .. 

~.u 

: . ~~· 

~ .3! 
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~ .D claye~ ~1lt to ~1liy cl6 ~ 
(1,n 5ilt.~ cia•_. to c ! ~ .. 
1•.\• ~lltl' dar to tlaJ 
O.C• silt~ cl~!' t~ cl~.,. 

0 .(o silty clay to cla~ 
0.(• silho clay t" Cle)' 

0.0 clay 
D.D tl~y 

0.0 clay 
0.& clay 
0.0 clay 
0.0 clay 
0.0 cl~; 

O.li do:; 
0.~ clay 
0.0 clay 
0.0 clay 
0.0 clay 
0.0 clay 
0.0 org~nic tater1al 
O.CI 
~.(J 

o.n 
(i 0 (• 

r •. n 
(•.1 
0.1 
t. J 

O.l 
C.l 
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r, .1 

·' ' ._ .... 
o.! 
0,1 

(•.! 
~ ; 

(o,1 
0.1 

or~an1c •atrr1a! 
(lrganir Jater1a! 
organic •attrial 
or9anic ·~t~rJa' 

clay 
cll'y 

~i lty dav to clay 
~i lty ci ~;· t1> ri ay 

cl "l 
clay 
clay 

~llty cia·; tr. C:~l 
~:lty cl~! i~ ril~ 

cl~ 

cia: 
cia; 
ciay 

silty clay to rl~y 
s1lty clay to clay 

, 

Soil interpretation reference: ~ot>crtson i 'a.panella--198~, baseD on GVl ~r effJcirnty and .i & ~hd1115 data aver~gr 



SliD I ! II P-I ::<lBF~ -i"' 1·10 

[tflH ('ofFTH TIP mcm .. FF ~41111 

•~te~ feet Qc tst h hf h.'Qt l 

~ .9.'• h.e s.~ 0.00\ 1.51' 
~.GO 15 .I 5.~ 0.16(1 1.7(i 
•.i(i ~~ - ~ 5.8 i•.ogs l.f>S 
'.8(1 15.7 5.~ {I.IOi l.i5 

1.91' 16.1 f,.J 0.174 2.(13 

S.GO 15 ... £.(• 11.(·~ I. .. s 
s. Jl I' .. .l • f .. ~ ,, .11\f• : _~;~ 
s. '?t· li . I 6.~ IJ,t.:: '• ,.r .. ,, 
5.~1 17 . .. £ •. !' (1,121 ~.it. 

!. .~or, 17.7 t " . ' (o .J17 1.2~ 

~-C.( I~ .I' u ·c· l l ,llw . . 1~ 
~.fit IE.~ s.s .:.trs ' Jr •• J 

s. 7\• JF.7 5.2 0.{•45 \I, 7f. 

S.S!• 19.0 t.O 0.064 l.Oi 

s.~o ; 9." f .. s Q.0£!1 1.25 
uo 1~.7 7.5 0.113 l.Sil 
£..1 11 ~(•.It ~ ' I. (1,(13] I -,-.. ~ 
6.2\.' 20.3 1.1 v.oa9 1./{f 

6.3(1 2C•.i l!.i (i,JY, 1.54 

6. 4~ 21.0 9.3 0 .201. 2.20 

6.50 21.3 10.3 0.220 2.13 

6 .r.o 21.7 10.1 0.217 2.16 
6.70 22.1\ 10.7 0.187 1.8:' 

G.OO 2?.3 9.3 O.J9q 2.08 
6.90 22.6 8.8 0.210 2.39 

7.00 23.0 8.9 0.21i 2.4~ 

7.1(1 23.3 9.2 (1,24i 2.69 
7 .2it ~-l.J. t• S.? 0.165 I ~q .I. 

i.~n 23.~ lit.~ 0.231 UF. 
7 .~(· 2U I l • ~ 0.303 2.62 
;,:;n 2U 1?.7 0.261 ~-~~ 

7 .sr. 2U t~.s 0.313 2.1~ 

7,j(l 2':>.3 17 .f. (l, 47! :.6S 

• 8'· I • \• 2S.f. 2(1.2 i1.W\ , :lq 
J. -

7.9(\ 2S.9 ZU> 0.691' 2. PiJ 

e.oo 26./ 25.8 O.B?i 3.21 

P, .I 0 2ii .E. 2il.f. (t .82f• ~ .1\1 

&.20 26.9 t'i.9 o.s~r. 3 .{H 

e. :llt ~1 ? L ,_ 2F.7 0.5-36 2.09 

8.~(1 27.6 16.~ 0.694 ~.2' 

8.5(1 27.~ 2~.s 0.67• , -~ ... I .. 

li.60 28.~ 16.1 (I. 'oil :.Sj 
[!.iil 28.5 1~.6 0.39S 2.5• 

B.Sio 28.9 13.~ &.318 2.3~ 

8.~ ~~.2 12.9 (1,3(1S :.33 
9.00 ~g r 11.5 (:.31 i 2.71 

4 '" 

9.1(\ zs.~ 12.~ o.:m 2.SP. 

2.2(1 30.2 1'1.7 0.757 !.16 

9.3(1 20.5 Jl.7 (•.317 7.37 

9.40 30.8 12.~ 0.297 2.~(, 

we 

F.-­-·- .:.. 

lliHHfi:THt 
I . ~ SIB, TYFi: 

0. I sll ty cia!' U. rl~y 
G.J sens1t1vP far~ gra1~d 

0.1 silty rl~> t~ tley 
0.1 s1 ity clov to cl.-1 
G. J 5i lt11 clew tc• rl<'v . . . 
(J. I slltv cia" to de·,o • I • 

f•.l silti' cl~r- tr> eli'! 
(:.I siltu cl~• rn cl• 1 . . . 
v.J silty cl~\ t~ CJ~: 

u.J s1lty cia~ to Cl~" 
(:.I Se"SltlV~ fJt.f sr~1rrr 

0.1 sen)JtJve tin~ gral,eO 

0.1 sensi h vt f lilt gr air.td 

0.1 sensit1ve f1ne gr&intd 

0.! sensibue f1nt grained 

Q.l cla!'f>' silt to sdtv clty 

0. I clay!')' siit to siltu cl~, 

0.1 clayey ~ilt to Silty cia: 

0.1 clayey silt to silty cia;· 

0.0 clayey silt to si It~· cl~:~ 
0.0 clayey silt to ~ilty cl~ 

0.0 clayey &ilt to silt~ cl~~ 
(1,(1 clayey silt to si It!! cla;· 

0.0 cl~teY silt to silty cla1 

0.0 silty cia-; to cl~;· 
0.0 silty clay to cl&)• 
0.(1 silty clay t~ clay 

O.Q cla~-ey si It to s•lt: cl~· 
(o.O clayey silt tCI slit~· cl< l 
ll.O claye~ silt •~ s1lt~ cl~~ 
(•. (I clayey s1lt u• silt, cJ~,, 

''·(I claye~· silt to silty clay 

0.0 clajiey slit to silt! tJa ,-

0.0 clavey 5llt to sJJt, cia, 

0.0 clayty silt to s1lt1 clbl' 

0.0 clayey si It to silty chy 

0.0 clayey silt l:~ sJitv cl~·: 

ft .l• clayey Sitt t~ ~•It· clay 
(\ ,{1 clayey silt tl' s!lh dal 

0.0 cla;Jty sJI• to silty cl~-

(t,(l tla;'t'y ~~ !t tc. ~!I r~ rl• 
(i,(o cla!'fY s1l t tll slit~· ci~1 
(1, (I clayey s1lt to ~ilt) tlpY 

G.O clayey si )t to si It;• rley 

(I .(• clallt)' silt t~ ~i!t v cl~ · 

!:.f.t da>-ey silt tc ~:1:: cit: 

O.f. cli!!itY silt t~ !!ltv cJpy 

O.li clayey stlt to silt~ tiGy 

0.0 tl~y Slit t~ Slit' cl~/ 
u.o clayey si It to si I ty clay 

Soli interpretation reference: ~obertson l C.Wpar.ellcr-1983, based on 60~ haHtr efflcitnry and .'1 • sliding dab ill/el* 



litH I: ro£rlll Til rmm"' n ~Hm ) '· IHT[~PFt'lHt 

teters Teet Qc hf fs tsi rs/C,. 1 loes Sllll m·E 
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!(t.~h 3J.f. JO.i' ll.l ~~ l.l!; r, .J sandy sJI t t~ clav~> ~lit 

lf.. 4(• 3o; .1 !G .~ ' 'p,- . - L! sandy silt to clayey ~!!r .L >~ • ' I .. 

J(t.~l. .'"' ... ' . •. , '- (:. ~: (! ~ ~ndy sJ It t!l clal't ~ .. jt . . . I o.O .. 

IU~ :·~ .E ~9 . r~.t:~ {1 •., 3 e . t< Jl ty sand to sano1· • :1 • 
' ·' 

1(1, 711 3S.1 29.~ I .19~ c.ES (• ,. .. sand)· silt to clayr• silt 

1n .~r, :;s.~ I IJ. ~ fi.53~ l.% v.: sandy si It to claye:. s!l t 

JU'I 'i" p .~. s~.:; o.~l~ u: (1, ~ s1lty sand to ~and:' ~llt 

11.00 :;u 7S.ti ~.eF !.OS u siltv sand to sar.~; !II~ 

ll .H• 
.. 
J:.~ £9.~ I.SJO 2.::1 o.~ silty :sand to :sand)' ~ il t 

11.2u 3C..i £C " ··' ~.9~6 ~.~. 0.3 silty sand to &and~ silt 

I 1.30 J? .I 81.:• 0.616 0.7& 0.~ sand tQ siJ ty sand 

11.40 37.4 9U.7 J.SS, 1.76 c.s s1lty sand to sandy ~1lt 

11.50 3i.7 15.9 O.ESf 0.8& 0.9 6and tQ si I ty sand 

ll.&o 39.1 es.~ 0.~1 O.E3 IJ• ? 

I 1.70 3lU m.i ' ~ !.f ~ 

Soil i ntrrpretation reference: ~ooertson l Caoparoel!a-1983, based on £0~ ~arr efficiency and .2 • slidln:J data a...erase 

, 



SOUtiDING DAHt Tt{ fiLE S~DllO 06-30~ 94 21:39 
OPERATOR : S.UAH LOCATION : P-13/BFC-MC MO 

CLIEHT : UES JOB No. : DAC~39-94-H-5062 

Vandehey Soil [Kp lordtion 
49695 Nw Pac ifi~ Ave . Banks, O~e~on. 97106 (5Q3) 324 3261 

125 TIP Qc tsf vefsus DEPTH ~ 

100 -

1 r 'r--- --, 
-

75 1-- +-

SQ .... .. -· 

25 ro;- I . 
'· 

Q ~ . -
0 1 2 3 4 s 6 7 s 9 1e 11 12 13 14 1s 

•i 
I II • 
I I ~ I I -------- ·--- -· -

~~~; I ··-

I • 
I I 
• I I r·-- c--·-·-- . -- - - --l ·- ·--· r· .. ·-- ---·~ -·--

.-. ;4 '- ·-- .... _._.. --·- _ .. _ 
\\ 

·1-,L. -- -· . 

l .. --·- ---- -__ ,_.----. / - I 
I I I 

I ., ' . 
• .. ', I -··· . ·--' 

---.. -+-··---·. --·· .-..-.--,. .. ---·· - ·- - -
···---.. , 



SOUNDING DATA IH FILE SHD11Q 06-3Q-94 21:3Q 
OPERATOR : S.UAH LOCATION : P-13/BfC-~C HO 

CLIENT : WES JOB No. : DAC~39-94-H-5062 

Vandehey Soil Exploration 
4Q695 Nw Paci fic Ave. Banks/ O~egon . 971Q6 (5Q3) 324 3261 

2. 50 FRICTI ON f s tst' v~~sus DEPTH ~ 1 1 1 1 1 - -··--.-----r----, 

2 , QQ I I I I · I I I 

1.50 ~ 
I 
I 

·--<1----~ ' ;, !-+. I I I 

1. Qij T · ·-1~-~-1----- - - .·-· - r ,_ __ 
lv. :'·. I r' \1··, I ( '· n 5n 1 ~ . i v 1 .1 . L 1 1 

" ' II I ~· . ·--~··-l-- . \ . I I II -"~"""- • 
! -- I ..... ··.-. ,., .. _,.. •·.;' \/ \i 01 ,l 

· . . :' . ,~.) ··- ···-· .. I~'• I 

Q .QQ~ , -L---r---· .... ,"' .... -·r-· ........... · · I·.· + ~ , l 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



SOUNDING DATA IN FILE SND11~ 06-3~-94 21:3~ 
OPERATOR : S.UAN LOCATION : P-13/BFC-HC HO 

Cll ENT : ~ES JOB tio, : DACW39-94-M-5~62 

Vandehey Soil Ex9loration 
4Q695 Nw Pacific Ov~. Hanks, Oregon. 971Q6 (5Q3) 324 3261 

1~ FR RATI O fs/Qc X versus DEPTH H 

2 

I 

- IL I I ···,.-----1 
CD WI~~'TT I --·,--~ -

I [ 

I _i\ - · 'T''' --·T- I - ---,-1-
l----, - r- .. ~n ~-·+--t-T- · ~-----~·· ----, I I' I ----r-

·-r-+,' .. ·1--- ---,- ..--~--·r , · , 
I . .' 

. ' -·--r--- A I ~ 
__,\... I. --··,1, /;\, \'\1 '\ \ l ·' I 

i r · \. ·._ 1 - 1 uJJ. T ._, ,,· : \ 1\ 
1

'\1\ 
iJ u. .. .?··, j · · v 11 ~<. _ ., y ·.- ,_ • ·-

\" 
.l 

8 

6 

4 

~ . . . ' . 

Q 1 2 3 4 5 6 7 8 9 1Q 11 12 13 14 15 



SOUNDING DnTR lN FllE SHDll~ 06-30-94 21:39 
OPERATOR : S. VM~ LOCtHI ON : P-13/BFC-HC HO 

Cll ENT : ~ES JOB No. : DAC~39-94-H-5362 
' 

Uand~hey So1l Explo~at1on 
40695 Nw Pacific ~ue. Banks 1 Oregon. 97196 (503) 324 3261 

, r-5 I 0Q INC ! d;!g I ~?-~~_DEPTH H ---

I 4. QQ ~ · ~ --r---·-

1 
3 I 001 I ~ .... _._ 

-

2 I QQ I I ~ ···--

: 

1. ~9 I I ----~·-• ·- -:o 
I , 

1 

9 I 00 t--"t 't n • '"'l"'•''"""""'r-'-
0 1 2 3 4 5 6 7 8 9 1Q 11 12 13 14 15 

I 
1 ' ·-' -- . ••••• 1 ..... I"_; _ _. -- I -- ---



SOUNDWG DATA IN FILE SND110 06-30-94 21:30 
OPERATOR: S.VAH LOCATION: P-13/BFC-KC HO 

CLI EtH : ~ES JOB tlo. : DAC~39-94-M-S062 

Vandehey Soil Ex~loPation 
40695 Hw Pacific Ave. Banks, Oregon. 97196 (503) 324 3261 

II H I -l -

. - r 
I 

SPT vet'Slls DHfl 

T 
. -

50 H 

49 

3~ I I ~ ~--------- --·r-
; .. 
I' 

~-.j i 
I I --r····- - -· -- I . 20 1 +--··--

I 

.""\ I 
' I • I --

/ 
.... , . \ .~-\ ···./\_/ ' 

.. .. 
• . - -·-· \.•' - ' .. 

-·· ' . '. .. · ... - --._ r-·· ... 

101 (··+ ;\. ·-. l . 

~--· 

· -~- I Q, ~ . . 
0 1 2 3 4 s 6 7 8 9 10 11 12 13 14 15 



REPORT DOCUMENTATION PAGE 
Fonn Appro~ 

OMB No. 0704-0138 

"-bik repoltl"9 burdeft IO< th" <Oil~ lOft Of lllfO<INIIOft " "lliNieciiO I ,_ 9athenn9 aftd malfttalfto"9 tile dale Mtdtd, aftd ~"9 aftd ,..__~~~~':' ~c,,., "'CCS:,';? the '-lOt •..-•ew"'9 lnli.NCUOt». >*•~ «""""9 dale -..oeo. 
<01~ of lftfO<maUOf\, ol'dudl"9 "'99ftiiOI'Il fO< red\ld"9 ""' burclfll 1 w O<INIJOr!. com-oou ~--·"9 U.O. butoMft """"''e 01 any oVw< ~of INa 
Devos t~tghway, Wile U04. Al1o"9t0ft VA UlOl~JOl aftd to, ... Offk• of~.,-:-~~:' ::s~.::·~ ~K'IO<ai~IO<,.atiOft 0,0..•'- aftd II&- UIS H'tf.,_, · . ow - (11704~111). Wat.h<"9f00\. DC lOW) , 

1. AGENCY USE ONLY (Luve bl•nk) 2. REPORT DATE 3. REPORT TYPE AND OATES COVERED 

November 1994 Final reoort 
4 . TmE AND SUBTITLE S. FUNDING NUMBERS 

In Situ Shear Wave Measurements for Evaluating Dynamic Soil MIPR KC-94-114 
Properties at the Bannister Federal Complex, Kansas City, Missoun 

6. AUTHOR(S) 

Jost L. Llopis and Thomas B. Kean II 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS{ES) 8. PERFORMING ORGANIZATION 
REPORT NUMBER 

U.S. Army Engineer Waterways Experiment Station 
3909 Halls Ferry Road 

Technical Report 

Vicksburg, MS 39180-6199 
GL-94-39 

9. SPONSORJNG I MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING I MONITORING 
AGENCY REPORT NUMBER 

U.S. Department of Energy, Kansas City Area Office 
2000 East 95th Street 
Kansas City, MO 64131-3095 

11. SUPPLEMENTARY NOTES 

A vaHable from the National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161 . 

121. DISTRIBUTION I AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE 

Approved for public release; distribution is unlimited. 

13. ABSTRACT (M•111mum 200 words) 

An in situ geophysical investigation consisting of crosshole and downhole shear wave (S-wave) seismic 
cone penetrometer tests (SCPT) was performed at the Bannister Federal Complex (BFC) located in Kansas 
City, Missouri. The SCPT was also used to collect cone tip resistance and sleeve friction data to aid in 
characterizing the soils at the site. The results of the SCPT were used to provide a continuous prediction of 
soil type and N-values. The main purpose of the investigation was to determine the S-wave velocities of the 
soil and bedrock in the vicinity of the main building at the BFC. This information will be used to perform a 
dynamic analysis of the building and its foundation. The results of the dynamic analysis will be used to 
determine if any building design modifications are required. 

The S-wave velocities measured for the clay materials (alluvium) using the crosshole and SCPT methods 
agreed very well. The S-wave velocities in the clay material increased with depth and ranged between 350 
and 775 fps. A 1- to 5-fl. thick basal clay-gravel, which overlies bedrock, showed a velocity of approximately 
1,100 fps. The Pleasonton Group bedrock found at the site is a hard shaly siltstone and is encountered at a 
depth of approximately 40 fL The bedrock exhibited an S-wave velocaty of approximately 1,900 fps and was 

measured using the crosshole S-wave method. 

1ot. SUBJECT TERMS 

See reverse. 

17. SECURITY ClASSIFICATION 18. SECURITY CLASSIFICATION 

OF REPORT OF THIS PAGE 

TTNr'T A~~TPTP.n T TNC"I A~:-; , .. ,t-i.D 

NSN 7540-01-280-5500 

, 9. SECURITY CLASSIFICATION 
OF ABSTRACT 

1S. NUMBER OF PAGES 

271 
16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

-Standard Form 298 (Rev 2 89) 
''""''~ 1>1 AN~ \ td ll9·11 
191·101 



14. (Concluded). 

Bannister Federal Complex 
Crosshole 
Geophysics 

Pleasonton Group 
Seismic Cone Penetrometer Test 
Shear waves 




