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A GEOTECHNICAL CROSS SECTION OF DOWNTOWN ANCHORAGE: AN ASSESSMENT
USING THE ELECTRIC-CONE~PENETRATION TEST

By
Randall G. Updike and Catherine A. Ulery:

INTRODUCTION
Scope

The Fourth Avenue and L Street landslides in downtown Anchorage were
among the most catastrophic groumnd failures that resulted from the 1964
Prince William Sound Earthquake (figs. l, 2, and 3). This project assesses
the engineering soils responsible for those landslides based on state-of-
the-art in-gitu testing using the electric-cone-penetration test (CPT)
correlated with nearby geotechnical boreholes.

Rationale

Intense construction has occurred in downtown Auchorage since the 1964
earthquake (fig. 4)., Some of the multiple-occupancy residences and high-rise
commercial buildings were constructed in areas that sustained ground failure
in 1964, Coanstruction continues on solls believed to be identical to those
that failed during previous earthquakes. Very little technical research has
been conducted on these soils or their mechanics of failure since the post-
earthquake investigations of Shannon and Wilson, Inc. (1964), Hansen (1965),
and Kerr and Drew (1965), Because of economic pressures, these areas will
continue to be sites of additional high-rise construction. To benefit future
planning and development, the latest geotechnical techniques should be used
to assess the current in~situ conditions of these soils and to document thelr
distribution.

Location of Study Area

Eight testing sites were selected along the Delaney Park strip in down-
town Anchorage along an east-west survey line from E Street to P Street
(figs. 5 and 6). The line lies between and parallel to West Ninth and West
10th Avenues. The Delaney Park strip forms the current southern boundary of
most urban high-rise-building development in downtown Anchorage. The project
area 1s within sec. 18, T. 13 N., R, 3 W. and sec. 13, T. 13 N., R. 4 W,,
Anchorage A-8 NW. Quadrangle. '

Geologic History of the Study Ares

The generalized geology of Anchorage, imcluding the study area, was
mapped by Miller and Dobrovolny (1959), Karlstrom (1964), and Schmoll and
Dobrovolny (1972). Recently subsurface geotechnlcal data was used to make a
detalled geclogic map of southwest Anchorage (Ulery and Updike, 1983; Updike
and Ulery, 1986). These reports show that the Bootlegger Cove Formation,
which underlies the study area, was deposited in an ice-marginal glacio-

1DGGS, P.0. Box 772116, Eagle River, Alaska 99577.



Figure 1. Buildings on the north side of Fourth Avenue, Anchorage, were
damaged by the 1964 earthquake. Note the vertical displacement
between the roadway level and entrances to the stores. Photograph
courtesy of Nationmal Oceanographic and Atmospheric Administration -
Environmental Data Service, April 2, 1964.

lacustrine basin during late Pleistocene time. The deposits grade from fan-
delta sand and gravel in the Point Woronzof area to silt and clay in the
downtown Anchorage area. Subtle variations in the glaciomarine depositional
regime resulted Iin seven gsedimentary facies within the Bootlegger Cove Forma-
tion. Each facies (F) has a distinct engineering parametric signature (Up-
dike, 1982; Updike and Carpenter, 1986):

F.T Clay, with very minor silt and sand

F.II Silty clay or clayey s8ilt, or both

F,.I1I S§ilty clay or clayey silt, or both, sensitive fabric

F.IV Silty clay and clayey silc, with thin silt and sand
lenses

F.V Silty clay and clayey silt, with random pebbles,
cobbles, and boulders

F.VI Silty fine sand, with si1lt and clay layers

-2 -



Figure 2. A house near Eighth Avenue and M Street, Anchorage, dropped into a
glide graben that developed when the L Street landslide was laterally
displaced during the 1964 earthquake. Photograph courtesy of National
Oceanographic and Atmospheric Administration = Environmental Data Ser-
vice, March 29, 1964.

F.VI1 Fine to medium sand, with traces of silt and gravel

The Bootlegger Cove Formation unconformably overlies a sequence of indurated
t111 and glaciofluvial deposits of late Pleistocene age (Reger and Updike,
1983)., Within the project area, the top of the Bootlegger Cove Formation in-
cludes fine to coarse, well-sorted sand beds (F.VI and F.VII) that represent
the waning phase of the depositional basin when the source-area ice was stag-
nant, glacial dams were breached, and the basin was essentially drained.
Although less than 5 m (16 ft) thick, F.VI and F.VII are typical throughout
Anchorage regardless of the overlying stratigraphy. Their ubiquity suggests
that the upper surface of the formation has been exoded very little since
deposition in late Pleistocene time (ca. 12,500 yr B.P.).

F.VI and F.VII are overlaln by outwash sand and gravel associated with
the very latest Pleistocene glacilal advance from the north that terminated in
the Eagle River area. These outwash deposits thin to the southwest and even-
tually disappear in the Turnagaln Helghts area. In some areas, 2 thin layer
(generally less than ] m) of tan silt and peat overlie the outwash sediments.

During Holocene time, the stratigraphlc sequence was subjected to iso-
statlic rebound and periodic tectonic uplift (Brown and others, 1977) thac,
combined with fluctuations in sea level, resulted in the pregent bluff topo-
graphy along Koik Arm. The bluffs have gradually retreated because of the
effects of tidal erosion and the glope instability of the Bootlegger Cove
Formation. Perlodic seismic events have enhanced this retreat by causing

-3 -



Figure 3. Aerlal photograph of part of the L Street landslide at the
west end of Delaney Park strip, Anchorage. Photograph courtesy
of the U.S. Army, Mohawk Photograph M-64-64, No. 156, April
1964,

masslve landslides like the one that occurred on L Street at the western end
of the study area in 1964.

Previcus Investigations

In addicion to the geologic mapping described above, the 16564 L Street
landslide and other landslides in Anchorage were studied intensively afcer
the 1964 earthquake to discover the cause and mechanicg of such slides. Two
mechanisms were proposed: liquefaction of sands (Shannon and Wilson, 1964;
Seed and Wilson, 1967; Seed, 1968, 1976) and failure of sensitive silty clays
(Hansen, 1965; Kerr and Drew, 1965, 1968; Long and George, 1966). The
Anchorage area has become an engineering case-history model for both types of
landslide mechanlswms. To date, a definitive agreement has not been reached
as to which mechanism is primarily responsible for the slides, or whether
sands or clays have the greater potential for future failure.



Figure 4. Oblique aerial photograph (to the west) of downtown Anchorage. The
Delaney Park strip is 1in left center, Knik Arm is at the top of the
photograph, and Ship Creek 18 in the upper right corner. Photograph
courtesy of North Pacific Aerial Surveys, Oblique 7, October 5, 1982,



Figure 5. Regional map showing the 150" 00"
location of the project area.
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The Bootlegger Cove Formation also plays an important role as a confin-
ing layer in the ground-water regime of the region. This formation has been
the subject of several hydrologic studies (Cederstrom and others, 1964;
Trainer and Waller, 1965; Barnwell and others, 1972). The formation
continues to be studled by the Alagka Divigion of Geologlcal and Geophysical
Surveys (DGGS), the U.S. Geological Survey (USGS) Water Resources Division,
and the Municipality of Anchorage.

TESTING PROCEDURE

Subgurface soil conditions can be evaluated by drilling, sampling, and
laboratory testing, or in-gitu testing. Regardless of the care exercised,
the first method has inherent problems with sample disturbance and simulation
of actual field conditions. In-situ testing is limited by the variety of
techniques available and by data interpretation based on exiating soil-
behavior theory. Penetration testing, which is the in-situ approach
generally used, is based on the concept that the force or energy required to
push or drive a standardized probe into the soil can be transiated into a
measure of soil strength or bearing capacity. Two penetration-test methods
are currently used: the standard-pemetration test (SPT) and the cone-
penetration test (CPT). The SPT method has been used in Alaska for many
years and remains a standard for local foundation design. Although the CPT
method has been used in Europe fox several years, it has only recently at-
tained acceptance In the United States geotechnical industry. The CPT system
selected for this project has been used in a variety of major projects in the
contiguous United States, but has only been used in Alaska since 1982
(Updike, 1984).
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Figure 6. Detailed street map of part of downtown Anchorage showing the loca-
tion of the cone-penetration-testing sites (PS prefix) and the geo-
technical-borehole sites (TH prefix) The map designators correlate with
those used in figure 20. The dashed line shows the location of the
cross section on figure 20.

Equipment and Method

The cone-penetration test consists of pushing an instrumented, cone-
tipped probe into the s0il while continuocusly recording the resistance of the
goil to that penetration. The tests for this project were conducted accord-
ing to specifications set by the American Soclety for Testing and Materials
(ASTM=-D3441-79) using an electric-cone penetrometer. The teat equipment con-~
slsts of a cone assembly, a series of hollow sounding rods, a hydraulic frame
to push the cone and rods into the soil, an analog strip-chart recordexr, and
a truck to transport the test equipment and provide the needed 20-ton thrust-
reaction capacity (fig. 7). The cone penetrometer (figs. 8 and 9) consists
of a conlcael tip with a 60° apex angle and a cylindrical friction sleeve
above the tip. The cone assembly used for this study has a cross-sectional
area of 15 em® (2.32 in.?) and a sleeve surface area of 200 cm? (31 in.?).
Strain gauges inside the assembly simultaneously measure cone and sleeve
resistance during penetration (fig. 10). Continuous electric signals from
the strain gauges are transmltted by a cable in the sounding rods to the
recorder at the ground surface.

-7 -



Figure 7. Truck-mounted CPT system operating at station PS-8, Delaney
Park strip, Anchorage. Photograph by R.G. Updike, April 13,
1982.

Data Reduction and Interpretation

Reduction of the CPT data Involved digitizatiom of field strip-chart
recordings, and subsequent computer processing, Digitizing and processing
were conducted at the data-processing center of Earth Technology Corporation
(Extec), Long Beach, California. In addition to field-data reduction,
computer subroutines evaluated CPT soil-behavior types, equivalent SPT blow
counts, estimated clay shear strengths vs. depth, and cone resistance vs.
friction ratio for selected depth intervals.

TESTING RESULTS

Eight CPT soundings were taken at the Delaney Park strip on April 6, 7,
and 13, 1982, that ranged in total depth from 30 to 48 m (98 to 157 ft). The
resultant stripcharts, shown in figures ll, through 18, include the friction
resistance (sleeve friction, f , in ton/ft”), cone resistance (end bearing,
q_, in ton/ft?), and friction fatio (R, = f /q ). All soundings except
P§-C-4 and PS-C-5 penetrated the base of the Bgotlegger Cove Formation.

The appendix lists the tabulated CPT soil-behavior predictions derived

from the CPT profiles. The Ertec computer program estimates soll types by
tracking the cone end-bearing values (qc) and the average friction ratio (Rf)

-8 -



Figure 8. The CPT probe is positioned to initiate sounding. The rod (at right)
15 uged to calibrata the vertical 1lift of the truck during sounding.
Photograph by R.G. Updike, April 5, 1982.

at depch intervals of 0.3 m (1 ftr). On the basis of guidelines of a
classification chart that evolved from the work of Bergemann (1965),
Schmertmann (1971), and Sanglerat (1972), the chart was calibracted to pro-
ject equipment by Douglas and Olsen (l98l). By comparing plots of cone re-
gistance (q_ ) vs. friction ratie (R_.) with data from nearby boreholes,
site—sPecific correlations can be made. The basic c¢laasification chart was
modified to tabulate soill-behavior types in figure 19.

Numerous efforts have been made to correlate CPT data with in-situ
shear strength (Sanglerat, 1972; Lunne and others, 1976; Schmertmann, 1978).
Shear atrength 13 of primary concern due to fallure of cohesive socils in the
Bootlegger Cove Formation; therefore, an approximation of the undrained
shear gtrength (S ) was included in the computer analyses. Because peneatra-
tion of the cone %ip into undisturbed silts and clays is a bearing-capacity
problem, most studies back-calculate shear strength by using the bearing-
capacity equation:



Figure 9., Cone assembly with the cone
and friction sleeve removed to
show the strain gauges. See
figure 10 for a cross section of
the assembly.

) q, = SuNc + a, (eq. 1)
where q = ultimate bearing capacity
SY = undrained shear strength
N: = a dimensionless bearing-capacity factor, and
o, = the tocal vertical stress

By setting q equal to a, (from the CPT), a theoretical value of the shear
strength can"be determinéd:

SU = (qc - ov)/NC (eq. 2)

The primary difficulty of equation 1 1s selecting a proper value for N .
Previous investigators used measured field and laboratory results for S € to
back-calculate N values cthat ranged from five (for high-sensitivity clgys)
to 25 (for overconsolidated dry clays). The possible error in arbitrarily
selecting and applyilng the NC value to CPT data to determine shear strength
is critical. For this project, N values of 16 and 20 were chosen based on
field and laboratory test results of samples from borings near the CPT
locations. The field tescts included torvane and pocket-penetrometer tests.
Torvane and unconfined compression tests were also performed on correlative
samples in the laboratory. By coumparing the results with the corresponding
CPT-sounding log, the N factor was estimated based on the above measurements
and on previous measurefients taken by Douglas (oral commun., 1983) on similar
soils.

- 10 -
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Figure 10. Cross section of the electric-cone assembly used in this ptro-
ject (figs. 8 and 9).
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Figure 12. Computer-~generated CPT strip charts obtained
April 6, 1982, for site PS-2 (fig. 6).
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Figure 14. Computer-generated CPT strip charts obtained
April 6, 1982, for site PS-4 (fig. 6).

For comparative purposes, S was also calculated based on the hypothesis
that the sleeve-friction value et ) represents the shear-strength value be-
tween the calculated undisturbed®shear strength and the remolded shear
strength (Schmertmann, 1978). A dimensionless constant of 1.10 was multi-
plied by the f values to derive the gecond set of S values tabulated in the
appendix, BecBuse of the present lack of a theoret{tal understanding of the
cone-sleeve~goll interaction and the remolding phenomena as the tip passes
through a coheslve soil, the calculation of S based on CPT data should be
regarded cautiously, “
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Figure 15. Computer-generated CPT strip charts obtained
Apr1l 6, 1982, for site PS-5 (fig. 6).

CALIBRATION AND CORRELATION

The character of each engineering-geologic facies of the Bootlegger Cove
Formation has been carefully documented in several areas of Anchorage
(Updike, 1982, 1986; Updike and others, 1982; Updike and Carpenter, 1986;
Updike and Ulery, 1986). On the basis of field and laboratory inspection of
numerous samples of each faciles, the CPT profiles can be calibrated to dis-
tinguigh these facles throughout Anchorage. The following characteristics
can be applied to other CPT profiles of the formation. F.I 1s not listed
because true clay layers are generally too thin to be distinguished on a CPT
profile. '
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F.II Profile relatively smooth with minor spikes due to sandy-silt
layers.
q_ < 25 ton/ft?
£ < 1 ton/ft?
R? = 2 to 4 percent
F.III Profile very smooth with a vertical slope.
q < 15 ton/ft?
£€ < 0.4 ton/ft?
Ri < 2 percent
F.Iv Profile very erratic with numerous spikes; often slopes
toward the 'O' line with increasing depth.
15 to 35 ton/ft?

9e
fo=1to2 ton/ft?
Rf = 3 to 7 percent
F.V Profile erratic, but often bell-shaped; spikes due to

sand and stones.
= 25 to 30 ton/ft?

qC
£ =0.5to 2.0 ton/ft?
Rf = 3 to 7 percent
F. VI Profile shows abrupt spilkes on three curves.

q, = 25 to 50 ton/ft?

fS > 1 ton/ft?

Rf > 4 percent

F.VII Profile shows abrupt spike on 9. minor spike on fs' trough
on R

q, > 160 ton/ft?

fS < 2 ton/ft?

RE < 1 percent

Other geologic units found by CPT soundings at Delaney Park strip also
produce distinctive profiles. The stratified sand-and-gravel glacial outwash
deposits yield erratic, but consistently high q and f profiles, and the
resultant R_ profile was generally less than 1 percent.” The upper meter of
s8oil was frozen during the soundings and produced spikes that were off the
gcale for q and f with a resultant R_ near zero., Sediments below the Boot-~
legger Cove“Formation were also generaily off the scale for q and f ; numer-
ous 'troughs' indicate silt interbeds. Friction ratios for these dé%p soils
usually exceed 2 percent.

Eleven geotechnical boreholes previously drilled by private industry in
or near the Delaney Park strip were selected for stratigraphic correlation.
The CPT soundings were calibrated according to the facies criteria discussed
above. The cross section selected (fig. 6) passes through all of the CPT
sites (except PS~1 and PS-2) and is near the chosen boreholes. The barehole
logs were calibrated using the previocusly established engineering-geologic-
facies criteria of Updike and Carpenter (l986). The resultant stratigraphic
crogs sectiono (fig. 20) shows an excellent match between major units.
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Figure 19. Graph of friction ratio vs. cone resistance derived from
CPT data showing soil-behavior domains for facies of the Boot-
legger Cove Formation.
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Three main stratigraphic units are recorded on the profiles: 1) very
late Pleistocene (post-Bootlegger Cove Formation) glaclal outwash sand and
gravel deposits; 2) late Pleistocene Bootlegger Cove Formation; and 3) late
Pleistocene (pre-Bootlegger Cove Formation) diamicton and glaclofluvial de-
posits. The uppermost unit varies from 6 to 1l m (20 to 35 ft) thick; the
top 0.60 to 0.76 m (2 to 2.5 ft) is seasonally frozen. The Bootlegger Cove
Formation 1s consistently about 38 m (125 ft) thick over a horizomtal dis-
tance of approximately 1,212 m (4,000 ft). The unit below the Bootlegger
Cove Formation is far more overconsolidated than the gsoils above so that pen-
etration was very difficult, and resistance quickly exceeded the equipment's
20-ton capacity. Borehole logs indicate that this unit 1s several meters
thick and varies from overconsolidated clayey silt to sandy gravel. The
abrupt transitiom in q_ and £ values at the contact between the Bootlegger
Cove Formation and thesSe older sediments supports the interpretation that the
contact marks a substantial time hiatus. The high end-bearing values below
the contact also indicate either substantially higher lithostatic loads in
pre-Bootlegger time or a long time interval im which these older sediments
were exposed to desiccation and weathering. The latter explanation would
most adequately be explained by an episode of tidewater glaciation that
preceded deposition of the Bootlegger Cove Formation,

In the Bootlegger Cove Formation, all facles are dilstinguishable except
for F.I, which 1s generally only identifiable in laboratory samples. A typi-
cal sequence of facies zones predominates throughout the series of holes and
CPT soundings (fig. 20): (from top to bottom) zone 1) sands of F.VI and F.VII
with minoxr F.IV; zone 2) a sequence 6f F.IV that intertongues with F.VI and
F.VII to the east; zone 3) a uniform, thick sequence of interbedded F.II,
F.III, and F.IV, with thin, but distinct intercalated layers of F.VI less
than 1 m (3.3 ft) thick; zone 4) a continuous layer of F.II with dis-
continuous F.III layers; and zone 5) an overconsolidated layer of F.V that
marks the formation's bage (fig. 20). The sensitive F.III generally occurs
at elevations between -2 to +10 m (-5 to +35 ft) from mean sea level. This
sequence of zones 1s remarkably consistent along the cross section.

CONCLUSTIONS

Although the logs recorded by the CPT system correlate very well with
the geotechnical-borehole logs, they regult from continuous soundings and
yleld a more detailed characterization of the soll than can be attained from
a discontinuous sampling technique. The CPT approach is most effective in a
testing program complemented by conservative drilling, sampling, end labora-
tory testing.

The correlation of borehole logs and CPT profiles in the Delaney Park
atrip provides a three~-dimensional stratigraphic pilcture consistent with the
previously propoaed model of a quiet-water depositional basin near ablating
ice margins. The early phase of this system included the accumulation of F.V
ice-rafted debris. The gucceeding time interval of probably hundreds or
thousands of years, represented by F.II and F.III, was a period of shallow
marine deposition. The climax of basin deposition consisted of more varied
textureg of interbedded clays, silts, and sands (F.II, F.III, F.IV, and F.VI)
in a restricted basin where fresh water from nearby glaclers could affect
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sedimentation rates and energy. The top of the formation is marked by a bed
of silty fine sand (F.VI) to medium sand (F.VII) that represents the final

withdrawal of sedimentary basin waters, after which the glaciolacustrine-

glaciomarine cohesive sediments were covered by emergent tidal-flat sands.

The L Street landslide resulted from failure within a 9-m-thick zone (30
ft) directly above modern sea level. F.III occurs within this zone
throughout the study area and i1s of primary importance in analyzing local
seismic-slope stability. Therefore, geotechnical testing for design work inm
downtown Anchorage should evaluate solls to a depth of at least 45 m (150
ft). These 3studies should also measure strength degradation of the silty
clay under cyclic-loading conditions from depths below 23 m (75 ft).
Although F,II and F.III have similar undisturbed shear-strength values,
dynamic loading produces significantly different strain behavior between the
two facies (Updike and others, 1982). Unless sampling and testing are
carefully performed, these differences may be overlooked., Because of the
horizontal strata, facles varlation can confidently be projected through za
particular site, although some fluctuation 1in elevation should be
anticipated,

The L Street landslide 1s particularly interesting because several me-
ters of horizontal displacement occurred with very little vertical displace-
ment except Iin the 'graben' that developed at the back of the sliding block.
Studies by Updike (1983, 1984) and Updike and Carpenter (1986) state that the
F.VI and F.VII units have low liguefaction susceptibility, even during major
earthquakes. Updike and Oscarson (1984) found that F,III typically has an
. open boxwork fabric very similar to the sensitive clay fabrics cited in engi-
neering literature (for example, Mitchell, 1976). Failure along beds of
F.III in the L Street area under long-duration cyclic stress would result in
horizontel displacement on the developed glide plane. The significantly
higher strength of the overlying soils would allow displacement of the slide
block with only minor distress or vertical displacement.
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APPENDIX

Tabulated data derived from digitization of the rectified CPT profiles shown
in figures ll through 18. Soil-behavior types are based on computer tracking
of friction ratio (R_.) vs. cone resistance (q_ ) (fig. 19). Undrained shear

strengths (Su) were computer calculated usiﬁg the indicated empirical
equations (see text for discussion).
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DEPTH qc! f? R¢? Syt
2 2
(FT)  (TON/FT®*) (TON/FT?) (fg/ac) SOIL-BEHAVIOR TYPES (LB/FT?) (3 - ) Ne
110.0 18. 14 0. 30 1.63  SANDY SI YO CLAYEY SILT
111.0 18. 0t 0. 31 1.47 SANDY SI TO CLAYEY SILT
{12.0 23 %4 0. 63 2,23 SANDY §1 TO CLAYEY SILT
113.0 8. 19 0. 31 1.72 SANDY SI TO CLAYEY SILT
114.0 17.72  0.33 1.88 SENS. CLAYEY §1-8! CLAY 727. 1304, 14
115. 0 17. 90 0. 34 1.89 SENS. CLAYEY SI-6I CLAY 747 1920, 14.
116.0 18. 19 D. 3% 1.89 SENS. CLAYEY SI-S1 CLAY 7&1. 1849, 14.
117.0 i8. 43 0. 38 1.87 SENS. CLAYEY SI-SI CLAY 748. 1877. 16
113 0 18 64 0. 32 2.22 GENS. CLAYEY SI-SI CLAY 930. 187! 14,
119.0 20. 34 0. 37 .81 SANDY SI TO CLAYEY SILT
120. 0 22/36  0.34 {.44 SANDY 51 TQ CLAYEY 8ILT
121.0 19.03  0.38 2.02 BENS. CLAVEY §1-81 CLAY 838. 1424, 16
122.0 19. 13 0. 28 2.04  SENB. CLAYEY BI-SI CLAY 843. 1630. 16
{23. 0 20. 47 0. 3% {.&4 GANDY SI TQ CLAYEY SILT
124. 0 18. 55 0. 42 2.22 SENS. CLAYEY SI-81 CLAY 933, 1844, 16.
125. 0 19. 53 0. 3% 1,84 SANDY SI TQ CLAYEY SILT
124. 0 19. 12 0. 32 1.68 SANDY SI TD CLAYEY SILT
127.0 19. 69 0. 33 1.77 SANDY 81 TO CLAYEY SILT
129. 0 19. 24 0.32 1.58 SANDY S] TO CLAVEY SILT
129.0 19.20  0.32 1,48 BANDY SI 7O CLAYEY §ILT
139. 0 z0.18  0.339 {.77 SANDY 81 TQ CLAYEY SILT
131. 0 2389 0. 39 2.08 SANDY SI TG CLAYEY SILY
132.0 20. 34 0. 28 1.88 6ANDY BI TO CLAYEY SILT
133.0 21,13 0. 39 1.8%5 SANDY SI TO CLAYEY BILT
132. 0 20. &3 0. 37 1,93 EANDY 81 TO CLAYEY SILT
139. 0 21. 23 0. at 1.89 SANDY §1 TO CLAYEY SILT
{34. 0 33. 74 1. 64 2.89 SILYY CLAY 3698 3349 16
137 0 28. 20 0. 29 0.94 SILTY SAND TO SANDY BILT
138. 0 22. 09 0. 71 2. 98 SILTY CLAY 1347. 1901. | T
135. O 22 20 0. 46 2.22 SILTY CLAY 1013, 1508, 16,
£40. 0 44. 77 1. 82 3.49 BANDY CLAY TQ BILTY CLAY 4003. 3779. 20.
141.0 a8, 14 (. 88 329 8ILTY CLAY TO CLAY 4123 3870. 16
{420 42! 93 1.86 3,86 SANDY CLAY TQ SILTY CLAY 3454. 33e7. 20.
1430 175. 78 5. 58 2,73 SILTY SA TO_CLAYEY SAND
{432 Q 72. 35 3 30 3. 50 BANDY CLAY TO BILTY CLAY 7480. 6916, 20.
149.0  1£8.27 7.9 4. 60  SANDY CLAY YO SILTY CLAY 14048. 146103 20.
145.0  114. 33 3 44 3,63  SANDY CLAY_TO SILTY CLAY 7420. 10726. 20
127.0 2C2.13 & 33 345 CLAYEY SA TO SANDY CLAY
148. 0 4793 233 4.23  SANDY CLAY TO SILTY CLAY 8373. 4036, 20.
145 0 2&. 31 0. 38 2.49  SILTY CLAY 1268 23%9. 14
PROJECT NAME : DGGS
PROJECT NUMBER © 82-101-55
SITE : PS-C02
CONE NUMBER F15CKE070 SCALE END 106.000 (ton/ft2)/in,
DATE : APRIL 6,1982  SCALE SIDE §.050 (ton/f12)/in,
RATE OF PENETRATION : 2.0 cm/sec SCALE DEPTH :  5.080 ft/in,
DEPTH ac* fgt R¢ Syt
(FT) ~ (TON/FT?)  (TON/FT?) (fg/qc) SOIL-BEHAVIOR TYPES (LB/FY?) (ac-8,) Ng
1.0 98,02 3. 74 0.93 GRAVELLY SAND TO SAND
2.0 0bb. 74 485 058 GRAVELLY SAND TO SAND
3.0 58224 2. 93 0.47  GRAVELLY SAND TOQ SAND
1.0 L0427 312 Q.47  GRAVELLY SAND TO SAND
S.Q 234 74 1. 7% 044  GRAVELLY SANO TO SAND
£0 =ngl 12 2. 83 Q.58 GRAVELLY SAND TQ SAND
7.0 4u4l18 2. 14 0.53  GRAVELLY SAND TO SAND
3.0 565 &2 233 0.35 GRAVELLY SAND TQ SAND
9.0 £43 &4 2.97 0.40 GRAVELLY SAND TQ SAND
10.0 242042 1. 19 0.47  GRAVELLY SAND TOQ BAND
11.0 240.9&6  3.43 0. 44  GRAVELLY SAND TO SAND
12.0 341,30 2.4 039 GRAVELLY SAND TO SAND
13.0 274! 48 2. 10 0.57 GRAVELLY SAND TQ SAND
13.0 501, 4% 2044 0.49  GRAVELLY SAND TG SaND
19.0 23240 2 84 1.06 EAND _TO SILTY SAND
14,0 2%0. 18 1.72  0.59 GRAVELLY SAND TO SAND
17.0 1oL 81 2. 29 1.73 SILTY SAND TQ SANDY SILT
13.0 23.79 Q. %9 2. 09 SANDY 8I TQ _CLAYEY SILT
19.Q 41. 18 2. 16 4.73 SILTY CLAY TO CLAY 4743, 35030. 16.
20.0 4004 213 6142  CLAY 4720 3432. 14
21. 0 40. 42 1. 681 4, 99 SILTY CLAY TO CLAY 3984, 4922. 16.
22.0 34, &1 2. 30 3. 07 SILTY CLAY TO CLAY 3303. 4191. 16,
23'0 233 91 3. 20 1.6% SAND TO SILTY SAND
22. 0 1. 14 1. 94 447 BILTY CLAY TO CLAY 4321 4997. 16
25. 0 34. 43 1.46 4,23 SILTY CLAY TO CLAY 3212 4397, 15,
25.0 29. 20 0. 74 2.73  SILTY CLAY 1632. 3489, 16.
27 0 32. 58 2. 03 5. 37 SILTY CLAY TQ CLAY 4434 3902 14.
23 0 27147 5 13 2.04 SAND TO SILTY SAND
29. 0 70,72 2.20 336 SaNDY CLAY TQ SILTY CLAY 4831 6929, 20
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DEPTH g}

fsﬂ R f:l

U

(FT})  (TON/FT?) (TON/FT?) {fJa.) SOIL-BEHAVIOR TYPES (LB/FT? (qc-8,) N¢
118.0 18.84 ' 0.37  1.97 SENS., CLAYEY ST-SI GLAY 818 1619, 14.
1{9.0 2013 0. 31 1,91 SANDY SI TO CLAYEY SILT
12000 {028  0.42  2.04 BENS. CLAYEY S§1-51 CLAY 934. 1787 14,
{21.0 2008 0,44 2 19 SENS. CLAYEY SI-SI CCAY 947 1756. 14
1226 {091 0.4  2.21 SENS. CLAYEY SI-SI CLAY 1049’ 1892 14
1236 24.04 0. 43 1.93 BANDY SI TQ CLAYEY SILT
124.0  21.10 0.45 2 .18 SENS. CLAYEY SI~EI CLAY 1004, 1844, 14
1250 20,94 0,47  2.17 SENS. CLAYEY SI-SI CLAY £030. 1840. 16
124.0  Z1.24  0.47  2.14 ©SENS. CLAYEY SI-81 CLAY 1031 1870 (&
1270 £0.72  0.44  2.20 EBENS. CCAYEY SI-8I CLAY 71’ 1797, 14,
12200  20.456 Q. 4§ 2.01 GENS. CLAYEY SI-SI CLAY 898, 1754, 16
129.0 20 &1 0.42  2.04 GENS. CLAYEY SI-ST CLAY 923. 1772 {4,
133.0  20.17  0.38 1.89 GANDY SI TO CLAYEY &ILT
£31.0 21.%  0.33  2.05 SILTY CLAY 980. 1878, 16.
132.0  22.30  0.48  2.04 SANDY SI YO CLAYEY SILT
1330 21,48 0,43  2.01 SANDY SI TQ CLAVEY SILUT
13¢.0 22,84 0,49  2.04 SANDY &1 TO CLAYEY &ILT
135.0  25.39 .33 2,22 SANDY S1 TO CLAYEY SILT
13:.0  22.99  0.46  2.71 SILTY CLAY 1448 21%0. 16,
137.0 24. 44 Q. &9 2. 68 SILTY CLAY 1519 2201. 14.
1380 29 43  0.49 1.97 SANDY SI TQ CLAVEY QILT
139.0 2374  0.44  2.08 SANDY SI TO CLAYEY SILT
140.0  ©5.%% 0. 51 1.97  GANDY ST TO CLAYEY SILT
141. 0 23 98 0. 74 2. 49 SILTY 14637. 2346, 14.
1420  23.74 1,47 3835 SILTV CLAY TO CLAY 3673, 3332 16!
1430 3% 19  0.94 320 SILTY CLAY 2073 30064, 14,
142.0 153.86  7.43 % 93 BANDY CLAY TO SILTY CLAY 14820, 13667 0.
1e5.0 uaes  Qee A3 SILTY CLAY 1439, 3301 14
142.0  1v4.59 B &% .81  CLAYEY SA TQ SANDY CLAY
147.0 23949  B.9& 4,335 SANDY CLAY TO SILTY CLAY 19712 23238 20
1430 128 32 & 23 481 SANDY CLAY TO SILTV CCAY 13496 13113 20
1470 43,88 2 BA 4.38 BILTY C 4288 4315 14
1500 300,89 11,84 3 43 CLAVEY HA'TO GANDY CLAV
PROJECT NAME : DGGS
PROJECT NUMBER : 82.101-55
SITE : PS.CO3
CONE NUMBER F15CKEO70 SCALE END 106.000 (ton/ft2)/in.
DATE : APRIL 6,1982 SCALESIDE :  1.050 (ton/fr?)/in.
RATE OF PENETRATION : 2.0 cm/sec SCALE DEPTH :  5.080 ft/in.
DEPTH ac! f2 R¢® 5y
(FT)  (TONJFT®) (TON/FT?) (fgac) SOIL-BEHAVIOR TYPES (LB/FT2) {ac - 8y) Ne¢

10 57817  3.3%3  0.44 GRAVELLY SAND TO SAND

2.0 2830 270 G.82 SAND 7O SILTY SAND

3.0 F%3.5% 343  0.53 GRAVELLY SAND TO SAND

40 775,37 4.48  0.53 GRAVELLY SAND TO SAND

5.0 £k 88 $:28 075 GRAVELLY SAND TQ SAND

&0 471.45  2.87  0.7% GRAVELLY SAND TO SAND

70 £17.83 3133 039  GRAVELLY SAND TQ SaND

8.0 23z1 81 1.7 Q.43  QRAVELLY BAND TO SAND

5.0 155.27 0.82  0.51 SAND TQ SILTY SAND

10. 0 230. 74 2. 41 1. 09 SAND TO SILTY SAND

1£.0 25275 243 {110 SAND TQ SILTY S4ND

12.0 195 44 169  0.91 SAND TQ SILTY SAND

13.0 307,03 2 81 684 SAND YO SILTY SAND

1.0 33577 3.20 0.93 SAND TO SILTY SAND

(S0 272,06  3.42 1.20 SAND TO SBILTY SAND

15,0 24935 1.42 0,70 GRAVELLY SAND TO SAND

£7.0  41.09 1,256 23,23 SaNDY CLAY TO SILTY CLAY 2772. 4025, 20.
18. 0 4. 04 3,02 5.08 S8ILTY CLAY TD CLAY 6431 . g144. 16.
1.0  24. 44 1.17  4.86 SILTY CLAY TO CLAY 2348. 2942. 18
20.0  20.50 1,11 8 21 SILTY CLAY TO CLAY 2426 3435 1&
21.0 18. 31 1,45  7.09 GLAY 31@9. 2184 (4.
22,0 75.13  32.09  4.36 SANDY CLAY TO SILTY CLAY 2903 2408 20.
230 25,07 3.1t 7.08  CLAY 6932, 3414 16
23.0  29.37 1. 92 338 SILTY CLAY TQ CLAY 3341 3349, 14
250 4213 1,32 5.0% SILTY CLAY TO CLAY 2911 3842 14
520  Gaya 403 398 SAov cCAV Ta STOYv crav B911 8344, 20.
270 144.53  3.32  2.78 CLAYEY SA TO S8ANDY CLAY

2360 27.45 0.87  3.17 SILTY CLAY 1922. 3299 1&.
27.0 159354 & 21 1.97 SILTY SA TQ CLAYEY SAND

30,0 41,38 1.49  3.9& SILTY CLAY TG CLAY azis 3737 14.
31,0 243 0L 353 1.36 SAND YO SILTY SAND

32.0 3. 44 1.02 2,71 BILTY CLAY 2233 4234 164
330 30,94 040 124 SICTY SAND TQ SANDY SILT

34.0 38, 463 1. 79 a.72 SILTY CLAY 7O CLA 3944, 4243 16.
350  %0.é4a 137 223 Eikov S7°Yo CLAvEY sILT

3.0 22,40  O.28 1,94 SANDY 5t TO CLAYEY SILT

37.0 21.59 0o .24 407 SILTY CLAY TG CLAY 1942. 2449. 16.
33. 0 19 23 0. 58 3. 01 SILYTY CLAY TQ CLAY 126%9. 2$70. 14,
37 0 16 32 0. 58 3. 43 SILTY CLAY TO CLAY 1277. 1798. {&.
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DEPTH ac’ fs? R¢? Syt

(FT)  (TON/FT?)  (TON/FT?) {fg/uc) SOIL-BEHAVIOR TYPES (LBJFT?) (ac - 6y) N¢
124. 0 o2. 87 0. 83 a.32  SILTY CLAY 1826, 2073 14.
127. 0 21. 27 Q. &1 251  SILTY CLAY_TO 1346. 1847 16,
128. 0 20. 74 0. 43 513 SeNs, CLAVEV SIZG! CLAY 337. 1797 14
129. 0 §1.33 0. 79 2.77  SILTY CLAY 1741. 3111 16
120. 0 25. 18 3. 94 4,22 SANDY CLAY TQ SILTY CLAY 8438 7899 20
131. 0 £9.87  0.48 {.60 SANDY 5I TQ CLAYEY SILT
132. 0 5g. as 0. 50 1.69 SANDY SI TO CLAYEY SILT
133. 0 =7.32 0. 47 1.71  SANDY SI TO CLAYEY SILT
134.0 23.12 0. 48 2.13 SILTY CLAY 1062, 2034 16.
1390 22, 48 0. 49 2.08 SANDY SI TO CLAYEY SILT
1356. 0 22. 94 0. 50 2.10 SANDY &I TO CLAYEY SILT
137. 0 02 2% 0. 48 2.15  SILTY CLAY 1039. 1922. 16
128. 0 22. 28 0. 49 2.22 SILTY CLAY 1079. 1924. 16
139. 0 22. 27 0. 49 2.21  SILTY CLAY 1088. 1916 16
140. 0 24.74 0. 39 1.79  SANDY SI TO CLAYEY BILT
141.0 24. 50 111 3:33 SILTY CLAY 2433. 2433 16
142, Q 22. 10 0. 93 2.39 SILTY CLAY 1210. 1877. 14
143 0 23 &6 0. 43 2.93  SILTY CLAY (374. 2048, 14.
144, Q 2&. 27 0. 81 313  SILTY CLAY 1778. 23685 14!
143.0  117.469 3. 31 4. 43  BANDY CLAY _TD S8ILTY CLAY 11673 11045 20.
1440 19203 474 3.07 CLAYEY SA TO SANDY CLAY
147. 0 3. 62 4.03 7.98  CLAY 8910. 8284, 14
148. 0 68, 92 3. 03 3,41  SANDY CLAY TO SILTY CLAY 6711. 8133 20
1450 33,86 1. 4% 372  SILTY CLAY TO CLAY 3209. 3533 16.
150.0 277.24 a. 59 2.33 SILTY SA TO CLAYEY SAND
PROJECT NAME : DGGS
PROJECT NUMBER : 82.101-55
SITE : PS04
CONE NUMBER : F15CKE070 SCALE END 106.000 (ton/ft2}/in.
DATE : APRIL 6,1982 SCALESIDE :  1.050 (ton/ft?}/in.
RATE OF PENETRATION : 2.0 em/sec SCALE DEPTH :  5.080 ft/in,
DEPTH gt £ Ret : Sy

(FT)  (TONJFT®) (TON/FT?) (fgac) SOIL-BEHAVIOR TYPES (L8JFT1) (ac - 8y) Ne

1.0 8Y4. 99 4. 79 0.61  GRAVELLY SAND TO SAND

2.0 40332 4.24 0,98 SAND TG SILTY SAND

3.9 235010 2. 04 Q.99  SAND TO SILTY BAND

.9 179 11 1.0 0.50  GRAVELLY SAND TO SAND

S.0 142 33 0. { 0.27 SAND TO BILTY SAND

&0 4955 0. 77 1.39 SILTY SAND TQ SANDY SILT

7.9 a4. 01 0. 08 0.14 SILTY_SAND TOQ SANDY SILT

8.0 £0. 51 0. 23 0.33 SAND T SILTY D

9.0 17891 0. 33 0.33  GQRAVELLY SAND TO SAND

100  31%.40 1. 88 0.94 GRAVELLY BAND TQ SAND

t1.0 309 04 1. 80 Q.40 GRAVELLY SAND TO SAND

12.9 27822 2 0% 0.73  GRAVELLY SAND TO SaND

13.0 259 71 2. 43 Q.94  SAND 7O SILTY SAND

140 20483 213 Q.77  GRAVELLY SAND TO SAND

15.0 271.89 1. 50 0.83  GRAVELLY BAND TO BAND

15,0 253419 {.92 0.83 SAND YO SILTY BAND

17.0 209.29 1. 09 0.37 GRAVELLY SAND TO SAND

130 &7 43 0.84 1.83 SILTY_SAND TO SANDY SILT

17.0 149 43 0. 81 0.89 SAND TO SILTY SAND

20.0 41. 73 3 42 7. 49 7923. 9075, 16
21.Q0  34.24 1. 98 494 SILTY CLAY TO CLAY 3469, 3130. 1&
22.0  37.41 1. 19 388  SILTY CLAY 2424 4331, 16
23,0 71. 82 329 4,80 SILTY CLAY TO CLAY 7231 ea3s. 14
27.0 38. 50 2. 03 8.83 SILTY CLAY TO CLAY 4318 4648, 1é
25,0 La 15 2. 83 3.93  EANDY CLAY TO SILTY CLAY £274 4451 . 20
24. 0 $9. 53 4. 94 & 08  CLAY 16918 8530. 16
27.0 199 01 373 2.82 SILTY SA TG CLAYEY SAND

23.0  176.15 3. 71 2.01 SILTY_SA_TO_CLAYVEY SAND

29.0 a71.73 8.27 2 18 SAND TO BILTY SAND

30.0 _&7.23 7.47 8.3  CLAY 16443 8220. 1a.
31.0 265.35 2. 3@ 2.34 SILTY SA TQ GLAYEY SAND

22.0 $3.3% 3 a2 4. 62  CLAY 7944, 6300. 14,
33.0 24. 30 0. 37 3,36 SILTY CLAY 1261%. 2837, 14,
310 24706 0 42 1.79 SANDY ST TO CLAYEY SILY

33.0 24. 43 Q. &3 2. &3 SILTY GLAY 1379. 2839. 14.
34. 0 3.79 0. &3 2. &4 SILTY CLAY 1351, 27950. L&,
37.0 2.3 0. &2 2.50 SILTY CLAY 1354 2545 16
33. 0 24. 00 0. 83 3.98% SILTYY CLAY TO CLAY 1818, 2389 16,
39.0 21. 40 0. 75 3 a1 SICTY CLAY 1630. 2333 14,
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DEPTH g fg? R¢ S,
(FT)  (TON/FT?)  (TON/FT?) (fg/ac) SOIL-BEHAVIOR TYPES (LB/FT?) (qc - 8,) Ne
?6.0 17.74 0. 42 2.33 6ENS. CLAYEY §i-81 CLAY F13. 1519. 14.
97 Q 17. 44 0. 40 2. 34 SENS. CLAYEY §I1-SI CLAY 889. 1373. 16.
93. 0 19. 11 0. 44 2.32 SENS., CLAYEY SI-81 CLAY 1004. 17748. 16
99. 0 8. 1§ Q.71 2. 92 SILTY CLAY TO ClLAY 1371. 1647. 14
100. 0 19 &3 0. 44 2.39 SENS. CLAYEY SI-SI CLAY 1021. 1837. 1&.
101. ¢ 20. €0 0. 31 2. 37 SENS. CLAYEY SI-BI CLAY 1123. 1870. 14.
102. ¢ 19. 29 0. 81 2. 38 SENS. CLAYEY SI-SI CLAY 1124, 1773. 14.
103.0 19, 45 0. 62 2. 40 SENS., CLAYEY BI-8I CLAY 1316. 17B9. 16.
104.0 18, &9 0. 48 2. 93 SENS. CLAYEY 8I-SI CLAY 10462, 14688. 14.
PROJECT NAME : DGGS
PROJECT NUMBER : 82-101-55
SITE : PSL06
CONE NUMBER : FISCKEO70 ~ SCALEEND : 108.000 (ton/ft*)/in.
DATE APRIL 6,1982 SCALESIDE :  5.450 (ton/ft?)fin.
RATE OF PENETRATION : 2.0 cm/iec SCALE DEPTH :  5.080 ft/in.
DEPTH  q/! fe R¢ Syt
(FT)  (TONJET®) (TON/FT?) (fJac) SOIL-BEHAVIOR TYPES (LB/FT?) (qc - 6y) N,
i.0 230. 04 3. 22 1.39 SAND TOQ SILTY SAND
2.0 3&1. 88 4. 60 0.94 SAND TO SILTY SAND
3.0 Gi14. 34 2. 30 0.3 GRAVELLY SAND TO SAND
4.0 781.31 4083 o.aa GRAVELLY SAND TOQ SAND
$.0 L14. 34 3. 39 0.4 GRAVELLY SAND TO SAND
$.0 997. 14 4.21 0.7& GRAVELLY SAND TO BAND
7.0 577.72 3. 38 0. 70 GRAVELLY BSAND TO SAND
80 261 34 2,87 0.43 ORAVELLY SAND TG SAND
9.0 242. 61 2. 00 c.7 GRAVELLY SAND TO SANO
10.0 279, 44 1. 85 q. 70 GRAWV! 8A TO SAND
11.9 167, 64 1. 48 0. 93 SAND TD SILTY SAND
12.0 282 42 1.97 0. b6 GRAVELLY SANO YO SAND
13.0 148, 74 1. 64 0. 85 EAND TO SILTY SAND
14. 0 274.72 1.72 Q.43 GRAVELLY SAND TQ SAND
15.0 2R46. 77 1.77 0. 39 GRAVELLY SAND TO SAND
14. 0 218, 09 217 0. 44 GRAVELLY SAND TO SAND
17. 0 c12. 11 2. 39 1. 38 SAND TO SILTY 8AND
168. 0 3&2. 03 1. 90 0. &8 QRAVELLY SAND TO SAND
19. 0 273. 38 2. 94 Q.91 AND _TO SILTY ]
20. 0 318.17 2.19 0.73 GRAVELLY SAND TO SAND
21.0 241. 33 2. &4 1. 10 SAND TO SILTY D
22.0 2%0. 61 1. 79 0. 47 GRAVELLY SAND TO SAND
23. Q 327. 99 2. 07 Q. 62 GRAVELLY SAND TQ SAND
24,0 238, 12 1. 13 Q.37 QRAVELLY SAND TQ SAND
25. 0 113. 94 3.92 4. 24 SANDY CLAY TO BILTY CLAY B&424. 11270 20.
25. 0 73,13 3. 90 7.91 CLAY 12972, PR32 16.
27.0 53. 40 2. 98 6. 43 CLAY &348. &783 16,
23.0 174&. 87 5. 01 2.11 SILTY SA TO CLAYEY SAND
29. 0 160. 343 4. 74 4. 39 SANDY CLAY TO SILYY CLAY 10473. 909 20
30. 0 S55. 234 10. 09 a.10 SILTY SA TO CLAYEY SAND
31.0 320. 43 7.%94 2.43 SILYY_SA TO_CLAYEY SAND
32.0 224, 99 4. 22 1. 93 SAND TO SXLTY SAND
33.0 34. 03 1.73 q.17 BILTY CLAY GLAY 3800 4049 14,
34.0 29. 09 Q. 49 2. 01 SANDY £1 YO CLAVEY SILT
35.0 21. 16 1. 00 4. 48 SILTY CLAY TOD CLAY 2209. 2428. 14,
36.0 17. 28 1. 16 9.73 CLAY 2394, 1937. 16.
37.0 z6. 22 0. 89 3.33 SILTY CLAY (42 3049 16
33.0 23. 93 .83 3. 20 SILYY CLAY TO CLAY 1880, 2736 14
39.0 47. 43 1. 46 3. 99 SANDY CLAY TO SILTY CLAY 3209. 4949 20.
40.0 227. 03 $.39 2.47 BILTY SA TO CLAYEY SAND
41.9Q 129.73 6. 98 2. 19 CLAYEY 5 TO SANDY CLAY
42.0 4530. 03 9. 53 2.17 SAND TQ SILTY SAND
42.0 147. 33 &. 38 3.32 CLAYEY SA TQ SANDY CLAY
44. 0 112 &% 4.18 3. 80 SANDY CLAY YO SILTY CLAY 9204, 11048. 20.
45. 0 33Q. 47 4.74 1. 3% S8AND TO SILTY SAND
44. 0 394. 23 7.38 1.73 SAND TO SILTY SAND
47. Q0 399. 76 3. 68 1. 44 SAND TCQ SILTY SAND
43. 0 344. 92 4. &3 1. 39 SAND TO SILTY SAND
47.0 362. 84 3. 72 1. 33 SAND TO SILTY SAND
30.0 132. 74 2. 44 1. 74 SAND TO SILTY SaAND
31.0 19. 50 0.13 0. 79 SANDY SI 1O CLAYEY SILT
32.0 «?. 14 1. 32 3. 09 SILTY CLAY 2913 3319. 14
33. 0 18. 21 0. 91 4. 04 GILTY CLAY TO CLAY 2004, 1944. 14.
sg.o 32.77 0. &3 2. 85 SILTY CLAY 1380. 3740. 14
55.Q 12. 18 0. 47 3. 86 SILTY CLAY TQ CLAY 1039. 1177. 14
34. 0 14.17 Q.34 3. 67 SILTY CLAY TO CLAY 1198, 1423. 14.
37.0 - 11.77 0. 31 2. 96 SILTY CLAY TQ CLAY &73. 1117. 14,
38, 0 11.00 0. 29 2. 446 SENB. CLAYEY SI-SI CLAY &41. 1014. 14.
37.0 18. 19 Q.79 3. 42 SILTY CLAY TO CLAY 1731. 1331, 14.
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PROJECT NAME : DGGS

PROJECT NUMBER : 82-101-55

SITE : PSLCO7

CONE NUMBER : F15CKEQ70 SCALE END  : 108.000 (ton/ft?)/in,
DATE APRIL 13,1982 SCALESIDE 5.450 (ton/ft3)/in.

RATE OF PENETRATION 2.0 cmfsec SCALE DEPTH :  5.080 ft/in.

DEPTH g (2 R¢? 5,
(FT)  (TONJFT?)  (TONJFT?) (f/qc) SOIL-BEHAVIOR TYPES (L8/FT?) (ac - 8y)

1.0 178.48  3.36 140 SAND TO SILTY SAND

2.0 449,18 1.30  0.32 GRAVELLY SAND TD SAND

29 €732 133 335 GRAVELLY SAND 10 SanD

40 420,79 253 0.9 GRAVELLY SAND TO SAND

.0 544,95 .17 a. 31 GRAVELLY SAND TO SAND

6.0 A30, 48 2. 60 0, 94 GRAVELLY SAND TO EAND

7.0 abg 1% 1.8 0,42 GRAVELLY SAND TO SAND

8 0 2413. 82 2.72 0.71 GRAVELLY SAND TO SAND

7.0 3484, 48 1. 22 Q.32 GRAVELLY SAND TO SAND

1¢. 0 3?2. 37 1. 34 0. 40 GRAVELLY SAND TO SAND

11.0 Ja9. 75 1. 39 C. 414 GRAVELLY SAND TO SAND

(2.0 344 58 183 0,73 GRAVELLY SAND TQ SAND

{3 9 270. 12 2.23 0. 68 GRAVELLY SAND TO BAND

14.0 378. 76 2. 12 0. 36 GRAVELLY SAND TO SAND

13.0 3cb. 88 1. 41 0. 43 GRAVELLY SAND TO SAND

16. 0 307. &7 1,7% 0. 33 GRAVELLY SANO TO SAND

17.0 2358, 30 Q. 96 0. 39 GRAVELLY SAND TQ E£AND

3.0 q401. 91 1. 87 0. 40 GRAVELLY SAND 7O SAND

17.0 339. 9& {. 41 Q.35 GRAVELLY SAND TO SAND

20.0 478. B3 1.10 0. 24 GRAVELLY SAND TO SAND

21. 0 352. 36 1. 44 0. 41 GRAVELLY SAND TO SAND

22. 0 327. 23 {.43 Q. 40 GRAVELLY SAND TO SAND

23. 0 314. 40 1. 12 0.38 GRAVELLY SAND TO SAND

24. 0 244. 27 1. 21 Q. 3& GRAVELLY SAND TO SAND

23.0 3N1. 05 1,382 0. 33 GRAVELLY SAND T7Q SAND

25. 0 348. 43 1. 19 0.33 GRAVELLY SAND TQ SAND

27.0 345. 35 1.27 0, 34 GRAVELLY SAND TO SAND

28. 0 150. 91 3.70 2, &9 CLAYEY SA TO SANDY CLAY

29.0 £7.08 2. 99 4. 72 SILTY CLAY TO CLAY &Sa88. 6935.
30.0 54,03 a. 02 4. 19 SANDY CLAY TO SILTY CLAY &433. 8237
31.0 @1. 83 4,13 3.73 SANDY CLAY TQ SILTY CLAY 9133, f2029.
220 148.84 3.3%  2.39 SILTY _SA TO _CLAYEY SAND

33.0 500,26 5.03 1.73 SAND TO SILTY SAND

34.0 319. 946 4. 73 1. 58 SAND TO SILTY SAND

3.0 29 74 1. 3% 4,12 SILTY CLAY TO CLAY 3427. 3000
3&4. 0 a0 02 0.72 2. 3% SANDY SI TD CLAYEV SILT

37.0 23. 40 1. 00 4. 07 SILTY CLAY TO CL 219Q. 2943.
38.0 22. L2 1. 04 4. 22 SILTY CLAY TO CLAY 2298. 2392,
39. 0 4, 13 {.14 4. 31 SILTY CLAY TQ CLAY 2902, 2774
40. 0 101. 44 1. 92 2. 94 CLAYEY SA TO SANDY CLAY

41.0 321. 37 3. 18 0. 98 SAND TO SILTY SAND

42. ¢ 206&. 23 3. 32 1. 08 SAND TO SILTY SAND

43. 0 276. 13 2. 23 0.77 GRAVELLY SAND TD SAND

44. 0 371. 37 2. &8 0.72 GRAVELLY SAND TG SAND

45. 0 302, 91 2.71 Q.72 GRAVELLY SAND TO SAND

44. 0 &0, 48 2. .48 3. 31 SANDY CLAY 7O SILTY CLAY 3893. 8834
47.0 oR2.19 0. 44 2. 32 SILTY CLAY 1017. 2482.
43. 0 43, b1 0. 82 2. 84 SANDY CLAY TO SILTY CLAY 16804. 4132,
49.0 13. 44 Q. 39 2.79 SENS. CLAYEY SI-8! CLAY 840. 1374
30. 0 1378  0.44 2. 44 SENS. CLAYEY 8I-51 CLAY 1002. 1485,
51.0 22. 37 1. 32 4, 83 SILYY CLAY TO CLAY 2908, 2479.
52.0 318. 00 3. 04 0. %4 SAND TQ SILTY SAND

$3.0 =273. a5 3. 02 1. 23 GAND TU SILTY 8AND

34.0 &6, 22 1.73 3. 21 SILT 3796. 4192
298 403 233 33 GRaldtV™ano Ta sawd

%4. O 61. 81 2. 32 2. 59 CLAYEY SA TO HANDY CLAY

37.0 21.27 Q.18 1.35 SANDY TO GLAYEY SILT

0 Gbhih 938 137 BANDv 81 18 SLavey SicT

57. 0 13. 78 © 0,32 2. 39 SENS. CLAYEY S1=SI CLAY 711. 13385.
&0.0 13. 02 Q. 30 2. 44 SENS, CLAYEY SI-3I CLAY &64. 1234
&1.0 14. 58 0. 39 3. 28 SILTY CLAY TO CLAY 1299, 1693
£2. 0 13. 98 0. 40 2. 37 SENS. CLAYEY BI-S51 CLAY 874. 139¢
&3 O 20. 67 0.72 3. 52 SILTY CLAY TO CLAY 1593. 2192.
&4, 0 17. 01 0. 37 3.13 SILTY CLAY TQ CLAY 1230. 1728
£5.0 &4, 49 1. 22 2. 38 SANDY SI TQ CLAYEY SILT

£5. 0 i8. 11 0.39 2.17 SENS. CLAYEY SI-Sl CLAY as8. 1833
&7.0 17. 782 0. 37 2. 14 SENS. CLAYEY S8I-SI CLAY g21. 1822
63 0 19. 20 0. 47 2. 32 BENS. CLAYEY S8!1-6l CLAY 1044. 1977
6% 0 =0. 36 0. 67 3.23 SILTY CLAY TQ CLAY 1923, 2114
70.0 20. 09 0. &4 3. 27 SILTY CLAY TO CLAY 1419, 2073.
71 O 24. 31 Q. 85 3. 39 SILYY CLA 1874, 2623.
72. 0 17.93 0. 47 2. &b SENS, CLAYEY S5I-SI CLAY 1037, 1795.
73.0 14, 36 0. 3% 2.38 SENS. CLAYEY 8I-~SI CLAY 855. 139Q.
74. 0 14, 246 Q. 8S 2.97 SILTY CLAY TO CLAY 1219. 13971.
?5.0 14. 26 0. 41 2. 47 SENS. CLAYEY SI-51 CLAY 202. 136&6.
75.0 14, 82 0. 38 2.17 SENS. CLAYEY SI-8! CLAY 837. 14629
77,0 14. 34 Q.37 2. 33 SENS. CLAYEY SI-S81 CLAY 808. 1388
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PROJECT NAME

DGGS

PROJECT NUMBER 82-101-55
SITE . PSC-08
CONE NUMBER F15CKEN70 SCALEEND : 108.000 (ton/ft?)fin.
DATE : APRIL 13,1982 SCALESIDE 5.450 (ton/ft?)/in.
RATE OF PENETRATION : 2.0 cm/sec SCALE DEPTH :  5.080 ftfin.
DEPTH gc! e R¢ 5,4
(FT)  (TON/FT?)  (TON/FT?) (f/ac) SOIL-BEHAVIOR TYPES (LB/FT?) (ac - 8y} Ne
1.0 104.58 3. 33 2. .73 CLAYEY SA TD SANDY CLAY
2.0 498. &1 2. 31 Q. 80 GRAVELLY SAND TO SAND
3.0 b37. 79 3.79 Q. 50 GRAVELLY SAND TQ 8AND
4. 0 707. 69 3. 38 Q. 54 GRAVELLY SAND TO SAND
5.0 841, 84 1. 98 Q. 43 GRAVELLY SAND TD SAND
5. 0 %78. 87 3. 89 0. 34 GRAVELLY SAND TO SAND
7.0 S50, &b 3.18 0. 38 GRAVELLY SAND TO SAND
8.0 224. B0 2. 31 Q. %0 GRAVELLY SAND TD SAND
9.0 417. K3 3. 49 0.70 GRAVELLY SAND TDO SAND
10,0 473 41 2. 24 0.82 GRAVELLY S8AND TO SaND
11.0 4462, 15 3. 39 0. &8 GRAVELLY SAND T0O SAND
12. 0 =33. 76 2.43 0. 48 GRAVELLY BAND TC SAND
13. 0 470. 3% 2. &3 Q. 47 GRAVELLY SAND TO SAND
14. 0 ALy, 34 2. 33 a. A0 GRAVELLY BAND TO BAND
(5.0 447 &2 2. O& 0. 414 GRAVELLY 5AND TO SAND
16. 0 373. 46 1.87 0. 93 GRAVELLY SAND TO SAND
17.0 318, 11 1. 30 0. 49 GRAVELLY SAND TO SAND
13.0 361, 82 1, 92 Q. 45 GRAVELLY BAND TQ SAND
19.0 309, 39 1. 70 Q. 42 GRAVELLY BSAND TO SAND
0.0 2734, 84 1, 3% 0, &2 GRAVELLY SAND TO SAND
21.0 243. 8é 0.74% Q. 29 ORAVELLY SAND TO SAND
22.0 282,17 1. 08 0. 31 GRAVELLY SAND TO SAND
23.Q 3746, 21 4. 03 Q. 88 GRAVELLY SAND TO SAND
24. Q 374. 03 1.73 0. 41 GRAVELLY SAND TO SAND
23,0 352. 19 1.74 Q. 45 GRAVELLY BAND TO SAND
25.0 393. 84 1. 4643 Q.47 GRAVELLY SAND TO SAND
2706 2B6. 23 2.27 0.59 GRAVELLY SAND TG SAND
28.0 23%0. 30 1. 16 0.39 GRAVELLY SAND TD SAND
29. 0 A72. 68 1. 28 Q. 24 GRAVELLY BAND TA SAND
30. 4 374, 54 1. 29 0. 36 QRAVELLY SAND TO SAND
31.0 f 405. 27 1. 21 Q. 48 GRAVELLY SaND TO SAND
32.0 + 400.9% 2.23 0. &2 GRAVELLY SAND TO SAND
33.0 - 202.00 8. 23 4. 13 SANDY CLAY TO SILTY CLAY 18143 20034 20.
34 0, 1:9.27 4 57 3.02 CLAYEY SA TQ SANDY CLAY
35.0 42. 14 2. 26 3. 03 SILTY CLAY TD CLAY 4983. 3033. 14.
35.4Q 104, QQ 3.04 3. 01 CLAYEY 2A TO SANDY CLAY
37 © 45. 92 1. 94 4, 04 SANDY CLAY TO SILTY CLAY /42469. 4408. 20
33. 0 27,84 1. 44 4. 41 SILTY CLAY TO CLAY 239G. 4497 14.
39.0 z6. 39 1. 10 4. &0 SILTY CLAY TQ CLAY 2422 3034 14,
40. 0 37. 38 1.70 4,01 SILTY CLAY TO CLAY 3730 4449 14.
414, Q 19 29 Q.72 4. 489 SILTY CLAY TO CLAY 19B1. 1636. 14,
420 9 37 2.37 2. 71 CLAYEY §A TD SANDY CLAY
43. 0 {79 §7 2.79 Q.95 SaND TO SILTY SAND
44. 0 114, 19 2. 94 2. 43 CLAYEY SA TO SANDY CLAY
4S5.0 271,02 3. 87 1. 72 SAND TO SI1LTY SAND
445. 0 293, 88 3. 65 1.23 SAND T SILTY SAND
17. 0 278. 84 2. 55 Q. 394 SAND TO SILTY SAND
43. 0 1869. 32 2. 99 1.75 S84AND TOQ SILTY SAND
49 Q 32. 14 1.17 3. 256 SILTY CLAY 2548. 37143. 14.
3C. Q 6. 39 1. 84 2.72 EANDY CLAY TOD BILYY CLAY 409% 3320. 26
81.0 %4, 99 1.17 1.77 SILTY SAND TQ SANDY SILT
32. 0 50. 73 1. 64 1. 463 SILTY ND SANDY SILT
83. 0 13. 26 Q. 31 2. 88 SENS. CLAYEY S8I~-S5I C &73. 1378. 15
94. 0 11. 39 0. 28 3. 02 SILTY CLAY TO CLAY &10. 1084aG. 146
35. 0 11. 79 0. 32 272 8ENS. CLAYEY SI—-81 CLAY 704, 1131%. 16
8¢.0 11. 1 0. 27 2. 23 SENS. CLAYEY 8I-61 CLAY 387. 1103. 14
37 O 14, 20 0. 30 2. 29 &N CLAYEY 81-S1 CLAY &64. 1420. 16
0.0 12. 03 0, 37 3. 04 SILTY CLAY TO CLAY 814 1143, 16.
59. Q 12. 21 0. 33 2. 64 BENB. CLAYEY S1~51 CLAY 718. 11399. 14.
60. 0 13. 38 0. 29 2. 30 SENS. CLAYEY S1-81 CLAY ba7. 1295. 146.
&£1.0 11. 86 0.33 2.72 SENS. CLAYEY S51-81 cLAY 733. 1102. 14.
&2. 0 12. 90 0. 33 2.93 SENS. CLAYEY SI-S8I CLAY 731. 1177. 14
£3.0 13. 85 0.33 2. 33 S5ENS. CLAYEY SI~SI CLAY 723, 1340. 14
44.Q 14 Q3 1.14 2.20 SANDY E] TO GLAYEY SILT
&£3.0 14. 54 Q. 28 2, 29 SENB. CLAYEY SI-S1 CLAY 619. 1413. 16.
&b, Q 13. 97 0. 30 2. 13 SENS. CLAYEY SI-51 CLAY &44. 1333, 1&.
&7.0 15. 14 Q. 29 2. 07 SENG, CGLAYEY 61-SI CLAY &49. 1473. 14.
cd. 9 14, 48 0. 34 2, 36 SENS, CLAYEY SI-SI CLAY 744. 1411. 14.
&7 Q z93. 24 0. 9% 3. 98 SILTY CLAY 2171, 2723. i&.
70.0 18. 83 0. 48 2. 44 SENS. CLAYEY BI-81 CLAY 1049, 1914. 14.
71.0 19. 35 0. 39 2. &9 SENS, CLAYEY SI-B1 CLAY 846, 1474, 14.
72. Q 20. &7 0. 61 2.91 Y CLAY TQ CLAY 1334. 2136. 14
73. 0 15. 79 Q.37 2.17 SENS. CLAYEY S5I-S! CLAY 207. 1919, 14.
74.Q 14. 74 0. 38 2. 44 SENS. CGLAYEY SI-SI CLAY B843. 1407. 14,
75%.0 19. 74 0. 43 2. 48 SENS. CLAYEY SI-81 CLAY 244. 1500. i4,
74.0 14, 23 0. 44 2. 746 BI-8I CLAY 1019, 14643, 14.
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