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SLOPE INSTABILITY DRILLING PROGRAM, TONSINA HILL, ALASKA

Trent D. Hubbard*

INTRODUCTION

This report presents the results from geologic evaluation of several drill holes in an area of slope instability north
of the Tonsina River, performed by the State of Alaska Division of Geological & Geophysical Surveys (DGGS),
through a Reimbursable Services Agreement with the State of Alaska Department of Transportation & Public
Facilities (DOT&PF). The area of evaluation, locally known as Tonsina Hill, is between Valdez and Glennallen
along the Richardson Highway between mileposts 80 and 82 (fig. 1).

The Richardson Highway is the only road connecting Valdez to interior Alaska, and it is vital to the movement
of people and transportation of cargo in support of the Alaska economy. Many Alaskans use this transportation
route to Valdez to access goods and services as well as to reach important hunting and fishing grounds. Tons of
freight are transported between the coastal deep-water port in Valdez and other areas of Alaska. Additionally,
the road is heavily used by tourists visiting the state, and supports traffic and personnel maintaining the Trans-
Alaska Pipeline System (TAPS), an important economic driver of the state’s economy. Any disruption to the
traffic could have a significant impact on Alaskans.

DOT&PF is planning to resurface this short section of the Richardson Highway north of the Tonsina River in
an area locally known as Tonsina Hill. This north-climbing segment along an east-facing cut historically has
been affected by slope movement and drainage issues (Brazo, 1989; Rasmussen, 1970). In the 1970s this road
was realigned farther west to allow for construction of downslope counterweight buttresses to improve overall
stability. However, after the project was completed, new settlement began to occur; the settling was attributed to
slope movement exacerbated by poorly controlled discharge from springs. A pronounced bulge began to form
in the late 1970s, which was later thought to be caused by progressive frost heave from water under pressure. A
system of underdrains was eventually installed in the early 1990s to alleviate this condition.

At present, minor embankment settling has occurred north of and within the northern portion of the under-
drain system (Settlement Area #1 [SA#1]), and significant embankment settling is associated with the southern
portion of the underdrain system (Settlement Area #2 [SA#2]).

METHODS

During an October 19-23, 2015, field campaign, DGGS collaborated with DOT&PF to drill 12 boreholes to
better understand the mechanisms of slope movement and thaw-settlement problems (fig. 1). Eleven holes were
drilled through the road surface; one hole was drilled east of the highway for installation of a slope inclinometer.

Of the 11 holes drilled through the road surface, three were baseline holes located outside the unstable regions.
Three holes were drilled in SA#1 and six in SA#2, the northern and southern areas of known instability (fig. 1).
Locations for holes in the areas of instability were chosen based on their proximity to road damage or noticeable
slope disturbance, on the premise that information from drilling might provide useful information about their
causes.

The location for drill hole TH 15-3312, east of the Richardson Highway, was chosen because of its proximity to
the bulge that began to form on the slope in the late 1970s. This hole was drilled to a depth of 82 feet to gather
information about the cause of the bulge, and also so that casing could be installed for slope inclinometer
measurements. After the casing was installed baseline data were collected on October 28, 2015. These data will

1Alaska Division of Geological & Geophysical Surveys, 3354 College Road, Fairbanks, Alaska 99709-3707; trent.hubbard @alaska.gov
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be compared with future data to better understand the nature of slope movement and identify potential shear
zones.

Holes were drilled using a CME-55 truck with a 3-inch SIPRE auger with 5-foot-long flights. A 2-foot-long,
1.75-inch-diameter, split-spoon sampler was used to collect sediment samples, which allowed examination of
minimally disturbed sediment. An automatic hammer was used to determine blow counts—the number of
hammer strikes it takes for a split-spoon sampler to penetrate 6 inches. The N value is the total number of
hammer strikes it takes for a split-spoon sampler to penetrate the second and third of four 6-inch intervals.

During drilling, sediment was evaluated and described based on the Alaska Field Guide for Soil Classification
definitions (DOT&PF Staff, 2003). Information about the sediment character, grain size, density, moisture,
organic content, temperature, and overall site characteristics were recorded and sediment was classified
according to the Unified Soil Classification System (USCS). After returning from the field, data for each drill
hole were entered into DOT&PF’s gINT database, borehole logs were prepared, and samples were sent to the
DOT&PF materials lab for further analysis.

DRILL HOLE DESCRIPTIONS

BASELINE HOLES

As a basis for comparison, three holes were drilled outside the regions of slope instability. One hole (TH 15-
3300) was drilled north of SA#1, one hole was drilled between SA#1 and SA#2 (TH 15-3301), and one hole was
drilled south of SA# 2 (TH 15-3311) (fig. 1).

Station 81+25 (offset 10L), TH 15-3300

Hole TH 15-3300 (fig. 1) was drilled to a depth of 30 feet (appendix A). The surface was covered by 2.5 inches
of asphalt. Based on field observations and grain-size analysis of sample TH 15-3700, collected from a drill depth
of between 2.5 and 4 feet (appendix B), the fill below the surface asphalt is well-graded sand with gravel (SW)
that transitions to well-graded sand with silt and gravel (SW-SM). In the 2-foot split-spoon sample interval (SSI)
beneath the asphalt, the fill material is dry to moist, dense, and has an N value of 37. Field observations indicate
a slight increase in gravel content at a depth of ~2 feet.

At a drill depth of ~4 feet, silt content increases and the fill becomes moist to wet and field observations indicate
the material is loose.

From the base of the fill layer at a depth of ~5 feet to the bottom of the drill hole (30 feet), the sediment is silty
clay (CL-ML). The sediment has a firm to very stiff consistency with N values between 6 and 16. Sample TH 15-
3702, collected between 5.8 and 6.6 feet depth, has a moisture content of 12.9 percent (appendix C); sample TH
15-3704, collected from the SSI between 10 and 12 feet, has a moisture content of 15.1 percent (appendix C).

Sample TH 15-3703, collected from the sample interval between 7.5 and 9.5 feet, has a medium plasticity (appen-
dix D). Field observations indicate the clay to be somewhat silty, thus classifying it as CL-ML.

Although organics were not seen in field observations, sample TH 15-3706, collected from a drill depth of 22-25
feet, has an organic content of 2.4 percent (appendix C).

Sediment temperatures measured during field data collection were well above freezing—44.8°F in the SSI
between 7.5 and 9.5 feet and 45.5°F in the SSI between 20 and 22 feet (appendix E).

Station 73+90 (offset 10L), TH 15-3301

Hole TH 15-3301, drilled to a depth of 30 feet, is between SA#1 and SA#2 (fig. 1; appendix A). The embankment
adjacent to the road near this hole is 5-7 feet thick. At the surface is a 2.5-inch layer of asphalt. Based on field
observations and grain-size analysis of sample TH 15-3710 (appendix A), collected from the drill interval
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between 5 and 7.5 feet, the fill beneath the asphalt to a depth of ~8.3 feet is a dry, poorly graded gravel, with silt
and sand (GP-GM). The sediment is dense (N value of 43) in the 2 foot sample interval beneath the asphalt, and
very dense (N value of 74) in the SSI between 2.5 and 4.5 feet.

From the base of the fill layer at ~8.3 feet and continuing to the bottom of the drill hole, the sediment is predom-
inantly silty clay (CL-ML). Sediment sample TH 15-3714, collected from the SSI between 20 and 22 feet, is a
medium-plasticity, silty clay (CL-ML) (appendix D).

The CL-ML unit has some gravel to a depth of ~13 feet but this coarse fraction decreases in abundance with
depth. Moisture content of sample TH 15-3712, collected from the SSI between 10 and 12 feet, is 18.4 percent
(appendix C). Field observations indicate sediment in this interval is wet, thixotropic, and soft, with an N value
of 4.

At drill depths below 15 feet, N values of 7 and 8 indicate sediment is firm, but field observations indicate local
areas of increased moisture where the sediment is soft. Varves are present in the sample interval between 25 and
27 feet, suggesting that the silty clays may be lacustrine.

Sediment temperature measured in the SSI between 15 and 17 feet was 44°F, well above freezing (appendix E).
No ice was present in the sediment; no evidence of permafrost was found in this drill hole.

Station 62+90 (offset 15R), TH 15-3311

Hole TH 15-3311, south of SA#2, was drilled to a depth of 32.5 feet (fig. 1; appendix A). The embankment
adjacent to the road near this drill hole is 8-10 feet thick. At the surface are 2 inches of asphalt. Below this, to a
depth of 2.1 feet, the material is well-graded sand with gravel (SW). The fill material in the 2-foot sample interval
beneath the asphalt is dry to somewhat moist and very dense, with an N value of 50.

Sample TH 15-3763, collected from between 2.7 and 5 feet, indicates that below the SW, to a depth of ~5 feet, is
a layer of silty sand with gravel (SM) (appendix B).

From the bottom of the fill at a depth of 5 feet to ~13.5 feet the sediment is slightly moist, silty clay (CL-ML). The
sample interval has N values of 7 between 5 and 7 feet and 11 for the interval between 10 and 12 feet, indicating
the sediment is firm to stiff.

From a depth of 13.5 feet to the bottom of the hole at 32.5 feet the sediment is well-graded sand, with varying
amounts of silt and gravel except for poorly graded sand with silt between a depth of 16.5 and ~18.3 feet. The
sand is generally dry to somewhat moist. An N value of 48 in the interval between 17.5 and 19.5 feet and an N
value of 57 in the interval between 25 and 27 feet indicate that the sand- and gravel-rich sediment between 13.5
and 32.5 feet depth transitions from firm/stiff to dense/very dense.

A sediment temperature of 41.5°F in the interval between 10 and 12 feet indicates a lack of permafrost in the
silty clay (appendix E). There was no ice or evidence of permafrost in this drill hole.

SETTLEMENT AREA #1

Station 78+60 (offset 15L), TH 15-3306

Hole TH 15-3306 is in SA#1 (fig. 1; appendix A). At the surface is a 2.5-inch layer of asphalt, below which we
measured 12 inches of poorly graded gravel with sand (GP). Below this, to a depth of ~7.6 feet, is well-graded
sand with gravel (SW). The fill is medium dense in the 2-foot interval below the asphalt (N value of 27) and in
the interval between 5 and 7 feet (N value of 26). A change in drilling character related to cobbles encountered
between 2.21 and 5 feet, and a change in fill material to a well-graded sand layer with silt and gravel (SW-SM)
in the interval between 3.5 and 5.3 feet, demonstrate variability in grain size over the depth of the SW unit. Sample
TH 15-3344, collected from SW-SM sediment between 5 and 5.3 feet depth, has a moisture content of 6.8 percent
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(appendix C). Field observations indicate the sediment in this interval has a higher moisture content than the
overlying, well-graded sand and gravel (SW).

At a depth of 7.6 feet, beneath the fill, sediment becomes silty clay (CL-ML) to the bottom of the hole at 32.5
feet. In the SSI between 7.5 and 9.5 feet the sediment is stiff with an N value of 10. At greater depths the N value
varies from 4 to 7, and sediment is generally firm. Moisture content of sample TH 15-3748 in the 30 to 32 foot
SSIis 15.8 percent (appendix C).

The sediment temperature measured in the SSI between 17.5 and 19.5 feet was 40°F and the sediment tempera-
ture measured from the interval between 30 and 32 feet was 36.1°F (appendix E). Measured sediment tempera-
tures above freezing and lack of ice in sediment indicate permafrost was not present in this drill hole.

Station 77+70 (offset 15R), TH 15-3307

Hole TH 15-3307 is in SA#1 (fig. 1; appendix A). The embankment thickness is ~5 feet. At the surface is a 9-inch
layer of asphalt. Below this, to a depth of 3.5 feet, is poorly graded gravel with sand (GP). The fill material in the
2 foot sample interval below the asphalt is dense, with an N value of 42. Within the GP unit between ~1.9 and
~2.1 feet is a 2-inch layer of asphalt.

At a depth of 3.5 feet is another 2-inch layer of asphalt. Beneath this, to a depth of ~6 feet, the fill is well-graded
sand with gravel (SW). An N value of 16 for the interval between ~3.25 and 5 feet indicates the material in this
interval is medium dense.

A grain-size analysis of sample TH 15-3749 (appendix B), collected from a depth between 5 and 7.5 feet, along
with field observations, indicates that as the silt component of the SW increases the material becomes well-
graded sand with silt and gravel (SW-SM) to the bottom of the hole at 17.5 feet. An N value of 26 for the sample
interval between 7.5 and 10 feet indicates the SW-SM fill is medium dense.

From a drill depth of 15 to 17.5 feet the fill is very wet, appearing saturated. On removal of the drill auger, mud
began filling in the hole, forcing drilling to cease. Moisture content of sample TH 15-3750, collected in the sample
interval between 15 and 17.5 feet, is 18 percent (appendix C).

No sediment temperature data were collected during drilling and ice was not observed. Abundant liquid water
suggests permafrost was not present.

Station 77+75 (offset 15R), TH 15-3308

Hole TH 15-3308 is in SA#1 and is only 5 feet west of drill hole TH 15-3307 (fig. 1; appendix A). The embank-
ment thickness is ~5 feet and the road surface is covered with 9 inches of asphalt. Below this to a depth of ~12.8
feet is a well-graded sand with silt and gravel (SW-SM). From 10 to ~12.8 feet the material is very wet. In the SSI
between 10 and 12 feet the sediment is loose, with an N value of 9.

At ~12.8 feet the fill material transitions to a very wet, silty, clayey sand (SC-SM). In the 15 to 17 foot SSI the
sediment is loose with an N value of 8 and a moisture content of 15.4 percent (sample TH 15-3753; appendix C).

At ~20.7 feet, the sediment becomes silty clay (CL-ML) to the bottom of the hole at 30 feet. When the drill auger
was removed at depths below 17 feet, wet sediment slowly filled the hole. In the interval between 25 and 27 feet
the silty clay is soft, with an N value of 3.

The sediment temperature in the sample interval between 25 and 27 feet was 40°F (appendix E). No ice was
observed in the sediment, and no evidence of permafrost was found in this drill hole.
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SETTLEMENT AREA #2

Station 69+10 (offset 10R), TH 15-3302

Hole TH 15-3302 is in SA#2 (fig. 1; appendix A). The embankment thickness is 5-7 feet and the asphalt layer at
the top of the road is 4.5 inches thick. Below the asphalt, most of the fill material to a depth of ~12 feet is a
generally dry to moist, poorly graded gravel with silt and sand (GP-GM) except between a depth of 4.5 and 6.42
feet where, based on field observation, it is wet to moist. The SSI between 4.5 and 5.8 feet is poorly sorted sand
with gravel (SP) that has a moisture content of 7.6 percent (sample TH 15-3719; appendix C).

The material in the 2 foot sample interval beneath the asphalt is very dense (N value of 53) but is medium dense
between 2.5 and 4.5 feet (N value of 25) and between 5 and 7 feet (N value of 14). The fill is dense, with an N
value of 36, in the interval between 7.5 and 9.5 feet.

Based on drill reaction there are ~6 inches of wet silt starting at a depth of 12 feet. Below this, the sediment is
silty clay (CI-ML) to the bottom of the hole at 30 feet. The silty clay has medium plasticity (sample TH 15-3720;
appendix D) and is firm, with an N value of 5, in the interval between 12.5 and 14.5 feet. In the SSI between 15
and 17 feet the sediment is also firm, with an N value of 5. Sample TH 15-3722, collected from the interval
between 20 and 22.5 feet, is soft and has a moisture content of 18.9 percent (appendix C). Field observations
indicate an increase in moisture at a drill depth of about 27.5 feet, manifested by an increase in the amount of
visible water; otherwise, the silty clay is generally moist.

Sediment temperature measured in the SSI between 15 and 17 feet was 40.5°F, and was 34.3°F in the interval
between 27.5 and 29.5 feet (appendix E). No ice or evidence of permafrost was found in sediment from this drill
hole. However, temperatures near the bottom of the hole are approaching freezing.

Station 66+40 (offset 5L), TH 15-3303

Hole TH 15-3303 is in SA#2 (fig. 1; appendix A). The embankment thickness is between 6 and 8 feet. At the
road surface is a ~16-inch layer of asphalt. Below this is a 4-inch layer of dark brown, poorly graded gravel, with
silt and sand (GP-GM), which has the appearance of an old asphalt layer. Below this probable asphalt layer, to a
depth of 4.1 feet, is dry to moist, well-graded sand with silt and gravel (SW-SM). The fill material in the 2 foot
sample interval below the surface asphalts is very dense, with an N value of 55.

From a depth of ~4.1 to ~10 feet the fill is poorly graded gravel with silt and sand (GP-GM). Blue foam and
cobbles were observed at the bottom of the sample interval between 5 and 7 feet and the fill in this interval is
moist and medium dense, with an N value of 18.

At depth of 10 feet, extending to a depth of 11.4 feet, is a moist to wet, well-graded sand (SW-SM) with silt and
gravel, with a moisture content of 8.6 percent (sample TH 15-3726; appendix C).

Starting at a depth of ~11.4 feet and continuing to the bottom of the drill hole at 30 feet, the sediment is silty
clay (CL-ML). This sediment is soft, with N values of 2-4. Sediment sample TH 15-3728, collected from between
17.5 and 19.7 feet, is moist to wet with a moisture content of 23.7 percent (appendix C).

A sediment temperature of 39.4°F was measured in the interval between 12.5 and 14.5 feet and a sediment
temperature of 36°F was measured between 25 and 27 feet (appendix E). No ice or evidence of permafrost was
observed in the sediment from this drill hole.

Station 67+40 (offset 10L), TH 15-3304

Hole TH 15-3304 is in SA#2 (fig. 1; appendix A). The thickness of the embankment is 5-8 feet; at the road
surface is a 6-inch layer of asphalt. Below this are 4 inches of well-graded sand with gravel (SW) that have an
overall appearance of degraded asphalt. Below this a dry, well-graded sand with gravel (SW) continued to a
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depth of about 6 feet, where a 3-inch
cobble was encountered during drilling.
The fill material in the 2.5-foot interval
below the surface asphalt is very dense,
with an N value of 61.

Beneath the cobble, to the bottom of the
drill hole at 30 feet, the sediment is silty
clay (CL-ML) that is generally soft, with
N values of 2 and 4 except in the inter-
val between 15 and 17 feet, where an N
value of 6 indicates it is firm. Sample
TH 15-3732, collected from the 10 to
~12 foot SSI, is silty clay with medium
plasticity (appendix D). Although no
organics were observed, sample TH
15-3733 collected from the 15 to 17 foot
SSI, has an organic content of 1.3 per-
cent (appendix C).

Figure 2. Photograph showing mud from drill hole TH 15-3304.

In general, most of the CL-ML sedi-
ment in this drill hole is moist to wet. At a drill depth of 12.5 feet the sediment was very wet (fig. 2) and ground-
water partially filled the drill hole on removal of the auger.

At a sample interval between 25 and 27 feet, ice needles were observed in the sediment and water was present in
the split-spoon sample. Sample TH 15-3735 from this interval had a moisture content of 21.1 percent (appendix C).

The sediment temperature measured in the interval between 25 and 27 feet was 32.1°F (appendix E). At shal-
lower depths sediment temperatures ranged from 39.1°F to 40°E

Station 65+50 (offset 5R), TH 15-3305

Hole TH 15-3305 is at the south end of SA#2 (fig. 1; appendix A). At the surface is a 4 inch layer of asphalt.
Beneath this are 6 inches of well-graded sand with gravel (SW), which becomes well-graded sand with silt and
gravel (SW-SM) to a depth of ~4.5 feet. The fill material in the 2-foot-long sample interval beneath the asphalt
(N value of 50) and in the interval between 3 and 5 feet (N value of 31) are both dense.

Sample TH 15-3737, collected from a depth of between 5 and 7.5 feet, is silty gravel with sand (GM) (appen-
dix B). Beneath the GM unit, from a depth of ~7.6 to ~20 feet, sediment is moist to wet, silty clay (CL-ML). The
moisture content of sample TH 15-3738, collected from CL-ML sediment between 7.6 and 9.4 feet, is 29.8 per-
cent (appendix C). The CL-ML sediment is soft, with an N value of 4, in the intervals between 7.5 and 9.5 feet
and between 10 and 12 feet. However, the sediment is firm, with an N value of 7, in the SSI between 15 and 17
feet.

Beginning at a depth of 20 feet there is a 3-inch layer of moist to wet, poorly graded sand (SP), below which are
3 inches of moist to wet silt with sand (ML). Beneath the ML unit is a 6-inch layer of moist, silty clay with sand
(CL-ML), below which is moist, poorly graded gravel with sand (GP) to a depth of ~23.25 feet. The sediment in
the sample interval between 20 and 22 feet is very dense, with an N value of 88.

Sediment from the sample interval between 25 and 27 feet is moist to wet, very dense (N value of 87) silty sand
with gravel (SM) that extends from 23.25 feet to the bottom of the hole at 30 feet.
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Sediment temperature measured in the sample interval between 7.5 and 9.5 feet was 42°F and in the interval
between 10 and 12.5 feet was 44°F (appendix E). The sediment temperature taken from the ML sediment in the
sample interval between 20 and 22 feet was 40°F. Sediment in this hole did not exhibit any evidence of per-
mafrost.

Station 71+15 (offset 10R), TH 15-3309

Hole TH 15-3309 is in SA#2 (fig. 1; appendix A). At the surface are 4 inches of asphalt. Beneath this, to a depth
of ~5.85 feet, is poorly graded gravel with sand (GP). In the sample interval between 2.5 and 4.5 feet the fill is
dry to moist and medium dense with an N value of 30.

From 5.85 to 7.75 feet is a well-graded sand with silt (SW-SM). The sediment below this, to the bottom of the
hole at 32.5 feet, is silty clay (CL-ML). N values between 4 and 8 indicate the CL-ML sediment is soft to firm.
Sample TH 15-3755, collected from below the SW-SM unit in the 7.5 to 9.5 foot SSI, is medium-plasticity, silty
clay (CL-ML; appendix D).

At a depth of 25 feet, and continuing to the bottom of the hole, we observed an increase in sediment moisture
in the silty clay. Here the sediment is moist to wet, compared to moist at depths less than 25 feet.

Sediment temperatures decrease with depth from 42°F in the sample interval between 7.5 and 9.5 feet, to 35.5°F
in the interval between 30 and 32 feet (appendix E). No ice was observed in sediment from this drill hole; how-
ever, temperatures at the bottom of the drill hole approach freezing and permafrost could be present below the
depth of drilling.

Station 70+20 (offset 15R), TH 15-3310

Hole TH 15-3310 is in SA#2 (fig. 1; appendix A). The embankment thickness is ~5 feet and the surface consists
of 3 inches of asphalt. Beneath this, to a depth of ~4.75 feet, where the drilling character changed, is well-graded
sand with gravel (SW). In the 2-foot sample interval below the asphalt, the fill material is generally dry and
dense, with an N value of 40.

From a depth of 4.75 to ~9.5 feet, the fill is poorly graded gravel with sand (GP) that is generally dry. Material
in the interval between 5 and 7 feet is medium dense, with an N value of 23. At 9.5 feet fill changes from GP to
well-graded sand with silt and gravel (SW-SM). The depth of sediment change was determined based on an
increase in moisture content observed during drilling at 9.5 feet, and 2 inches of well-graded sand with silt (SW-
SM) that was observed at the beginning of the interval between 10 and 12 feet.

Field observation of material character in the sample interval between 10 and 12 feet and grain size analysis of
sample TH 15 3759, collected from the interval between 12.5 and 15 feet (appendix B), indicate that underlying
SW-SM is moist to wet silt with sand (ML) to a depth of 15 feet. An N value of 31 in the sample interval between
10 and 12 feet indicates the ML is dense.

From a drill depth of 15 feet to the bottom of the hole, at a depth of 32.5 feet, sediment is silty clay (CL-ML). An
N value of 5 in the interval between 15 and 17 feet indicates the CL-ML is firm at the top of this interval but an
N value of 3 in the interval between 20 and 22 feet, and an N value of 4 in the interval between 25 and 27 feet
indicate the sediment is generally soft at depth. An N value of 8 in the split-spoon sample interval between 30
and 32 feet indicates sediment is slightly more firm at the bottom of the drill hole. The softer sediment is gen-
erally moist to wet or wet, while the firmer sediment is generally moist.

Sample TH 15-3760, collected from the 15 to 17 foot SSI, has a moisture content of 18.7 percent and sample TH
15-3762, collected from the 25 to 27 foot SSI, has a moisture content of 21.7 percent (appendix C).
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Sediment temperature in the sample intervals between 15 and 17 feet and between 20 and 22 feet were 38°F and
35°F, respectively (appendix E). The sediment temperature in the interval between 25 and 27 feet was 31.1°F,
with visible ice. In the interval between 30 and 32 feet the sediment temperature was 34.1°EF

INCLINOMETER HOLE

Station 66+90 (offset 80R), TH 15-3312

Hole TH 15-3312 is off the road, east of SA#2 (fig. 1; appendix A). At the surface is a 2-inch organic layer, below
which there is a ~5-inch layer of pebbles and cobbles. Beneath this are 3 inches of moist, well-graded sand with
silt and gravel (SW-SM), which terminates at a 1-inch layer of broken pebbles. Beneath the broken pebble unit
is silty, clayey sand with gravel (SC-SM). The material in the interval below the 5-inch pebble and cobble unit
(from ~0.5 to 2.5 feet) is medium dense, with an N value of 13.

Material encountered during drilling from a depth of ~2.5 to 7.5 feet, beneath the SC-SM unit, included a 6-inch
broken clast from a boulder, a 5-inch unit of pebbles and cobbles, and moist, silty, clayey gravel with sand (GC-
GM). Based on observations from drilling, and analysis of sample TH 15-3770 (appendix B), collected from the
interval between 7.5 and 10.2 feet, the GC-GM extends to a depth of ~11.4 feet. An N value of 6 for the interval
between 7.5 and 9.5 feet and an N value of 8 in the interval between ~9.5 and ~11.5 feet indicate the GC-GM
material is loose.

Beginning at 11.35 feet, the sediment is silty clay (CL-ML) to a depth of ~53.5 feet and then becomes a lean clay
(CL) to a depth of 59 feet. Sediment sample TH 15-3772, collected in the 20 to ~22 feet SSI, is medium-plasticity,
silty clay (CL-ML; appendix D).

N values between 2 and 4 in the silty clay between 12.5 and 27 feet depth indicate it is generally soft through this
interval. Generally, the sediment is moist except for between 25 and 27 feet, where it is wet. Sample TH 15-3771,
collected from the 12.5 to 14.5 foot SSI, has a moisture content of 19.1 percent (appendix C).

An N value of 9 in the SSI between 30 and 32 feet indicates the CL-ML becomes stiff in this interval. Below this,
to a depth of 52 feet, the sediment is firm, with N values of 5-7.

In the interval between 55 and 57 feet the sediment is again stiff, with an N value of 11. The sediment between
30 and 57 feet is generally moist. Sample TH 15-3774, collected from the 45 to 47 foot SSI, has a moisture content
of 27.6 percent (appendix C).

Although no organics were observed in the silty clay, sample TH 15-3773, collected from the 40 to 42 foot SSI,
has a measured organic content of 2.3 percent (appendix C).

Beginning at a depth of 59 feet and continuing to 82.5 feet we observed a number of well-graded sand units, as
well as very poorly graded sand (SP) from 72 to 76 feet and 78.5 to 81.5 feet and then poorly graded sand with
gravel (SP) between 78.5 and 82.5 feet. The sand units are differentiated on the basis of color and the amount of
silt and gravel. Sample TH 15-3776, from the SSI between 65 and 67 feet, has a moisture content of 8.0 percent
(appendix C).

High blow counts of 70 and above in the SSIs from 60 to 62 feet, 65 to 67 feet, and 75 to 77 feet indicate the sand
units are very dense. In general, the sand units are moist to dry.

Sediment temperatures in this hole were between 38°F and 41°F, except in the interval between 12.5 and 14.5
feet, where the sediment temperature was 34.8°F and in the SSI between 55 and 57 feet near the base of a CL-
ML layer, where the sediment temperature was 44.7°F (appendix E).
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DRILL HOLE SUMMARY

BASELINE HOLES

In the baseline drill holes, where settlement was less problematic, the road embankment material (generally the
sand and gravel at the top of the drill logs) was, for the most part, dry or dry to moist and dense to very dense.
Intervals of wet to moist sediment, such as the silty, clayey sand with gravel (SC-SM) from a depth of 4-4.6 feet
in hole TH 15-3300, indicate local areas of increased moisture.

Below the sands and gravels the silty clay (CL-ML) was generally moist, and firm to stiff. Local areas of moist to
wet silty clay (CL-ML) have elevated moisture levels, such as in the interval between 10 and 11 feet in drill hole
TH 15-3301, where the moisture content is 18.4 percent.

In the baseline holes, no ice or other evidence of permafrost was found during drilling, and sediment tempera-
tures were above freezing.

SETTLEMENT AREA #1

The sand and gravel from road embankment material in the drill holes in SA#1 is generally medium dense to
dense and dry. However, some sand and gravel, such as between 5 and 7 feet in hole TH 15-3306, and between
7.5 and 15 feet in hole TH 15-3307, is moist to wet or wet, with a looser density. Moisture content is as high as
18 percent (sample TH 15-3750) at a depth of 15.2 to 16 feet in hole TH 15-3307, and in this interval saturated
sediment flows into the drill hole after removal of the drill flight.

The silt and clay from holes in SA#1 are moist and firm to stiff in hole TH 15-3306 but moist to wet and soft in
hole TH 15-3308.

SETTLEMENT AREA #2

While in general the sand and gravel from road embankment in drill holes in SA#2 is medium dense to very
dense and dry to moist, there are several intervals of increased moisture, such as between 5 and 5.8 feet in hole
TH 15-3302 (moisture content 7.6 percent) and between 10 and 10.3 feet in hole TH 15-3303 (moisture content
8.6 percent). These wet intervals have lower blow counts, and thus lower N values and density than in the dry
intervals.

Within the silty clays, numerous intervals have high moisture content, appear wet or moist to wet, and are soft.
Ice was found in silty clay in hole TH 15-3304, where the temperature was measured at 32.1°F. This sediment is
very wet and soft, indicating that thawing permafrost can potentially add liquid water to sediment and increase
the potential for instability. In hole TH 15-3302 sediment temperatures were measured at 34.3°F at the bottom
of the hole, indicating potential permafrost at greater depth.

INCLINOMETER HOLE

The sand in the upper part of the inclinometer hole, to a depth of about 7.5 feet, is moist and medium dense. As
the sand changes to gravel at about 7.5 feet the sediment becomes loose and the moisture content is somewhat
elevated in sample TH 15-3771 (19.1 percent). From a depth of ~12.5 to ~30 feet the silty clay is moist to wet
and soft and then becomes moist and firm to stiff to a depth of ~59 feet. Below the silty clay, the sand and gravel
is moist to dry and very dense to the bottom of the hole.
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CONCLUSIONS

Soil moisture is an important contributing factor to slope instability in this area. In baseline holes, road embank-
ment sands and gravels tend to be dry and dense. In problematic settlement areas the sands and gravels often
have wet intervals that are less dense. These wet intervals have reduced strength, making them more susceptible
to failure. Better drainage would likely alleviate some of this problem.

In some places, such as at a depth of 10.4 feet in hole TH 15-3303, the lower density wet sands and gravels are
underlain by silty clay units. Accumulation of water at the upper contact of the clay, where density increases and
drainage is impeded, may produce failure along the surface between the different units. Results from repeat
inclinometer measurements, which allow the evaluation of the relationship of movement to changes in sediment
type, should help answer this question.

In the settlement area drill holes, much of the silty clay occurring below the road embankment material is moist
to wet or wet, and soft, while in the baseline holes this sediment tends to be moist and firm to stiff. Moisture
content of samples collected in the 17.5 to 20 foot SSI in hole TH 15-3303 (23.7 percent), in the 7.5 to 10 foot
SSI in hole TH 15-3305 (29.8 percent), and in the 25 to 27 foot SSI in hole TH 15-3310 (21.7 percent), all in
settlement areas, is higher than moisture content from a firm, silty clay collected from the 30 to 32 foot SSI in
baseline hole TH 15-3306 (15.8 percent). While areas of higher moisture content are sometimes natural, it is also
possibly a result of inadequate drainage. Higher moisture content and wet intervals in sands and gravels would
allow excess moisture to slowly infiltrate into silty clays, reducing their strength and increasing the potential for
instability.

Permafrost is another important factor in the stability of the slope. In an interval where ice was found, sediment
was very wet and soft, and above the ice-rich material the sediment was soft. As permafrost thaws sediment will
decrease in strength as ice changes to liquid water, and thus areas of permafrost, especially with high ice content,
can be problematic. Also, dewatering can be difficult and slow in these silt- and clay-rich sediments, further
exacerbating the problem.
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APPENDIX A

NR AKDOT TEST HOLE LOG - USCS RICHARDSON 80-82POSTLABRESULTS_09202016.GPJ NR_AKDOT PRECON USCS 06 28 07.GDT 2/15/17

FINAL TEST HOLE LOG

STATE OF ALASKA DOT/PF
Northern Region Materials
Geology Section

Project ‘Tonsina Hill slope instability Test Hole Number TH15-3300
Project Number _AKSAS Total Depth 30 feet
Field Geologist T. Hubbard Dates Drilled 10/19/2015 - 10/192015
Field Crew P. Lanigan, G. Nelson, B. Equipment Type _CME 55 Truck Station, Offset 81 25, 10L
Coke, R. Sousa Weather Cloudy; Temps in the 205-30s Latitude, Longitude N61.67995°, W145.16845
TH Finalized By __ Trent Hubbard Vegetation Elevation 1886.0
Sample Data Ground Water Data GENERAL COMMENTS:
While Drilling After Drilling
§ 5 Tan Depthin (ft.)
Z & € 218 _|8’ Time
AEREAHEAERE R N =
= | 8 |23|5| 5| & |E| ES|E| B [symoo
[a] [=] om = =z m w| DZ | o
0 SUBSURFACE MATERIAL 0 -
] ASPHALT l
1 - :g 2.5 inches / 14
1 M 37 Bn Well-graded SAND 1
2 ] 15 w/ Gravel (fill) 2 4
1 Q dry to moist, dense ]
L 3 7 & \,;,Q g Wh-Gy / 3 ]
4 4 dry 4 -
1 Well-graded SAND 4
- § - 3 w/ Silt & Gravel -
6 ] - &3 SAMPLE 15-3700 {2.5-4.0); SW-SM, 9.2% -200, NV, NP 6 ]
] = \'—?' 4 Bn Silty Clayey SAND ]
L 7 4 4 w/ Gravel 7 4
1 N = Silty CLAY 1
B L & Wq;\Q' 3 SAMPLE 15-3702 (5.8-6.6): NM 12.9% 8 ]
L 9 __ Y 7 Gy-Bn 9 4
s 2
] 3 Silty CLAY ]
L 104 SAMPLE 15-3703 (7.5-9.1): LL 27, PI 14 104
g @ 4\\\?‘ ; SAMPLE 15-3704 {10.0-11.5): NM 15.1% 4
- 114 = Nl 7 11 4
- 12 3 124
L 13 4 134
- 14 144
i 15 ] 3 Gy Gravelly Silty CLAY 15 ]
- 16 2 10 Gy Silty CLAY 16
- 17 7 17
- 18 18
o / -
- 19 4 19 4
- | 20 E 201
- 21 s 16 21 4
- 22 2 22
L 23 4 . Gravelly Silty CLAY 234
1 v | O - SAMPLE 15-3706 (22.5-25.0). ORG 2.4% b
- 24 - | 24
i Z. ]
I = 3 o Gy Silty CLAY =F
- 26 . 9 26
- 27 ? 27
o 28 4 28
o 29 1 29
| 30 ] RBOII 30 ]

Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 |b. hammer with 30-in. drop. |X| CME Auto Hammer I:‘ Cathead Rope Method
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Field Geologist
Field Crew

FINAL TEST HOLE LOG
STATE OF ALASKA DOT/PF
Northern Region Materials
Geology Section
Project Tonsina Hill slope instability
Project Number _AKSAS
T. Hubbard

P. Lanigan, G. Nclson, B.

Equipment Type _CME 55 Truck

Test Hole Number
Total Depth

Dates Drilled
Station, Offset

TH15-3301

30 fect

10/192015 - 10/192015

73+90, 10L

Coke, R. Sousa Weather Partly cloudy; Temps in the 40’ Latitude, Longitude _N61.67787°, W145.16782
TH Finalized By __ Trent Hubbard Vegetation Elevation 1816.0
Sample Data Ground Water Data GENERAL COMMENTS:
While Drilling After Drilling
§ ,g« g . Depth in (ft.)
3 | & EREIR: g | Time
E § 2 _% ;v § E E §'>“ 5 5 Symbol
[a) [a] om | = z m @w| DZ |IC (o]
0 SUBSURFACE MATERIAL 0 4
] P ASPHALT i
L 14 l; '0._.@% 2.5 inches 1
T 20 43| B A Bn Poorly-graded GRAVEL i
F 2 2 bl w/ Silt & Sand (fill) 2 1
Al 18 2.3, Gy-Bn A
r 2 22 & Gy-Wh 2]
L 4 32 [CRE 7 Bn-Gy Poorly-graded GRAVEL 4
] H 24 w/ Silt & Sand 1
- 5 - s Wh 5 -
p 1 L A SAMPLE 15-3710 (5.0-7.5): GP-GM, 11.3% -200, NV, NP p 1
= 1 ) TN o e N
] O | 30. Q/f ]
. 7 4 90/62’{ 7 4
i 3 O, ]
L ] > i sel Bn 8 -
| 9 7 5 12 Bn Silty CLAY 9 ]
. 7 A w/ Gravel
L 10 5 77 Gy-Bn Sandy Silty CLAY 10
. g | E. A w/ Gravel §
- 11 > < 4 T SAMPLE 15-3712 (10.0-11.0): NM 18.4% 11~
1 > 2 7
- 12 : Z 12 -
13 - i 13 -
7 Bl Silty CLAY -
- 14 14 4
- 15 . _ . 15 -
] o 2 SAMPLE 15-3713 (15.0-16.8): ORG 1.4% il
= 16 ] = \6” 2 7 16 ]
- 17 - & 17 -
L 18 18
L 19 4 Gy Silty CLAY 194
i 207 | SAMPLE 15-3714 (20.0-21.8): LL 35, Pl 13 2
o2 B 8 211
- 22 4 22 -
L 23 23 4
- 24 24 -
r 25 ] 3 25 ]
= 26 : 8 26
- 27 b 27 4
L 28 28
L 29 29
. 30 _- BOH 30 :

Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 Ib. hammer with 30-in. drop. [X] CME Auto Hammer |:| Cathead Rope Method|
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FINAL TEST HOLE LOG
STATE OF ALASKA DOT/PF
Northemn Region Materials
Geology Section
Project Tonsina Ilill slope instability Test Hole Number  TII15-3302
Project Number _AKSAS Total Depth 30 fect
Field Geologist __ T. Hubbard Dates Drilled 10/19/2015 - 10/20/2015
Field Crew P. Lanigan, G. Nelson, B. Equipment Type _CME 55 Truck Station, Offset 69+10, 10R
Coke, R. Sousa Weather Latitude, Longitude _N61.67652°, W145.1672°
TH Finalized By __ Trent Iubbard Vegetation Elevation 1774.0
Sample Data Ground Water Data GENERAL COMMENTS:
While Drilling After Drilling
o = w Depth in (ft.)
<] T 2
% g *g % E §’ Time
2| S leg|z| 8|8 |2l fsls| g [oe
s | 5|3 |5 5| B |5| 5|8 & [symbo
a o |(Oom|=| = @ |B|S2|C| O
SUBSURFACE MATERIAL i
0 - 0
] 4.5 inches i
- 1+ 1 Tn-Bn Poorly-graded GRAVEL 1 -
1 3 53 w/ Silt & Sand (fill) 1
- 2 1 = Wh-Gy 2]
L B 10 Tn-Bn |
2 3
4 :i 25 Gy-Bn 1
B 4 ] 10 4 ]
L 5 - a Gy-Bn Poorly-graded SAND 5 -
. g u;;\\ I. w/ Gravel i
- 6 v I’l 14 SAMPLE 15-3719 (5.0-5.8): NM 7.6% 6
1 12 Wh-Bn Poorly-graded GRAVEL 1
B 77 w Silt & Sand 7]
- 4 15 Bn 4
8 ; 8
] 2 & Wh-Gy 1
14 36
B 97 14 Bn E
1 Gy-Wh Well-graded SAND 1
r 10 ] w/ Silt & Gravel 10 7
- 11 114
i 12] SILT 2]
- 131 N Gy Silty CLAY 13 -
] v | = 5 ¥ i . N
L 14 Z | 5 SAMPLE 15-3720 (12.5-15.0): LL 32, Pl 17 14 4
- 15 ] i Gy 15 ]
- 16 5 5 16 1
- 17 4 17
- 18 18
- 19 19
J = o
- 2 - 2 ~
0 | 1 Gy . o
- 21 4 w ) J 3 SAMPLE 15-3722 (20.0-22.5): NM 18.9% 21
i = \t.;’ 5 i
- 22 = 22
- 23 A 23
r 24 24
25 ] Z 25 ]
J Gy J
= 26 26 1
= 274 27
= 28 28 1
F 29 29
L 30 __ BOH 3 :
Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 Ib. hammer with 30-in. drop. |X| CME Auto Hammer D Cathead Rope Method

NR AKDOT TEST HOLE LOG - USCS RICHARDSON 80-82POSTLABRESULTS_09202016.GPJ NR_AKDOT_PRECON_USCS_06_28_07.GDT 2/15/17
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FINAL TEST HOLE LOG
STATE OF ALASKA DOT/PF
Northern Region Materials
Geology Section
Project Tonsina Hill slope instability Test Hole Number TH15-3303
Project Number _AKSAS Total Depth 30 leet
Field Geologist _ T. Hubbard Dates Dirilled 10/20/2015 - 10/20/2015
Field Crew P. Lanigan, G. Nelson, B. Equipment Type CME 55 Truck Station, Offset 66+40, 5L
Coke, R. Sousa Weather Latitude, Longitude _N61.67577°, W145.16701
TH Finalized By __ Trent Hubbard Vegetation Elevation 1748.0
Sample Data Ground Water Data GENERAL COMMENTS:
While Drilling After Drilling
3 z ‘_PE Depth in (ft.)
5| & T (£ 3 & [Time
%; £ mE 3 E 8 P é 2 le k<3 Date
£ £ |£¢ |2 2 8|8 &
0 SUBSURFACE MATERIAL 0
] ASPHALT J
- 1 - 16 inches I
1 Bn Poorly-graded GRAVEL 1
r 27 wi Silt & Sand ill) 21
L 3, Bn Well-graded SAND 3
1 w/ Silt & Gravel (fill) ]
= 4 1 Wh-Gy 4+
1 Bn Poorly-graded GRAVEL 1
m o] 0 4. w/ St & Sand 5
L 6 /278 Gy 6
= 7 - 7 -
= 8 - 8 -
- 9 — 9 .
i -] g Gy-Bl Well-graded SAND 1]
1 11 w/ Silt & Gravel 11
‘ ] SAMPLE 15-3726 (10.0-10.4): NM 8.6% 1
i = Gy Silty CLAY 12
s 13 134
r 14 1 14 1
I~ 154 154
= 16 16 4
= 17 4 17 4
L 18 ] w : SAMPLE 15-3728 (17.5-19.7): NM 23.7% 18 ]
i n ,.;\'" 2 -
- 19 Y 194
= 20 20
= 21 A 21 A
= 22 22
r 23 23
= 24 1 24 1
r 25 ; 25
- 26 - ? 3 26 7
- 274 2 27
r 28 28
3 29 4 29
N 30 ] BOH 30 ]

NR AKDOT TEST HOLE LOG - USCS RICHARDSON 80-82POSTLABRESULTS_08202016.GPJ NR_AKDOT_PRECON_USCS_06_28 07.GDT 2/15/17

Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 Ib. hammer with 30-in. drop. E CME Auto Hammer |:| Cathead Rope Method|
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FINAL TEST HOLE LOG
STATE OF ALASKA DOT/PF
Northern Region Materials
Geology Section
Project Tonsina Hill slope instability Test Hole Number _TH15-3304
Project Number _AKSAS Total Depth 30 [eet
Field Geologist _ T. Hubbard Dates Drilled 10/20/2015 - 10/20/2015
Field Crew P. Lanigan, G. Nelson, B. Equipment Type CML 55 Truck Station, Offset 67+40, 10L
Coke, R. Sousa Weather Latitude, Longitude N61.67607°, W145.16716!
TH Finalized By __ Trent Hubbard Vegetation Elevation 1778.0
Sample Data Ground Water Data GENERAL COMMENTS:
While Drilling After Drilling
3 =z Té Depth in {ft.)
= & £ £ 3 g’ Time
- m§ 3| & 8 |e| g3« 2 | Date
S| 8 (35|5)| ¢ 2 |E| 82|18 B [symbo
a 8 [Se|2]| 2 @ |B|SZ|L| &
0 SUBSURFACE MATERIAL 0 -
] ASPHALT ]
L 14 e 6 inches 1 4
1 = 61 Bn Well-graded SAND 1
i 2] n w/ Gravel (fill 2
L 3 ] Wh-Gy 3
[ 4 - 4 -
= 5 - 5 -
I 8- Gy Silty CLAY 6]
|- 7 - 7 -
= 8 - : 8 -
1 Y 4 g
)
0] 3 1
n 10 i 10
] o SAMPLE 15-3732 (10.0-11.9): LL 28, PI 11 ]
2] o 2 -1
r 11 ] = \.\55 5 4 11 ]
- 12 1 £ 12 -
13 - a 13 -
] Z >
= 14 14
e 154 154
] o SAMPLE 15-3733 (15.0-17.1): ORG 1.3% ]
- 16 -_ g \,.?:5’\' 6 16 t
P 174 174
fes 18 18
- 19 19
- 20 i 20
- / -
| 21 ; 2 21 1
- 22 2 22
e 23 23 A
= 24 24
i 5 Al SAMPLE 15-3735 (25.0-26.9): NM 21.1% 29
- 261 A 4 26
- 27 2 27 -
- 28 28
- 29 29
L 30 BOH 30
Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 Ib. hammer with 30-in. drop. |X| CME Auto Hammer D Cathead Rope Method|
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FINAL TEST HOLE LOG
STATE OF ALASKA DOT/PF
Northern Region Materials
Geology Section
Project Tonsina Hill slope instability Test Hole Number TH15-3305
Project Number _AKSAS Total Depth 30 feet
Field Geologist T. Hubbard Dates Drilled 10/20/2015 - 10/20/2015
Field Crew P. Lanigan, (5. Nelson, B. Equipment Type _CME 55 Truck Station, Offset 65150, 5SR
Coke, R. Sousa Weather Latitude, Longitude N61.6755°, W145.16689°
TH Finalized By _ I'rent Hubbard Vegetation Elevation 1813.0
Sample Data Ground Water Data GENERAL COMMENTS:
\While Drilling After Drilling
° = T Depth in {ft.)
e | = |23 |8 8| S || 28|5| & |O
S| 5 |82|5| 5| 2 |5| EZ|B| B [symoo
a [a} oo = =z 53] ) 02Z | (]
0 SUBSURFACE MATERIAL 0
] ASPHALT ]
- 14 ;((; 4 inches 14
1 30 50 Bn Well-graded SAND 1
§ 27 18 wi Gravel (fill) 2 4
i Gy-Wh 1
r 3 7] 7 Bn 3 7
17 Wh-G
- 4 o 31 Y 4 1
L 5 L Silty GRAVEL 5
1 w/ Sand |
+ [ » ({‘5\ SAMPLE 15-3737 (5.0-7.5): GM, 13% -200, NV, NP 6
4 | e .
K
- 7 - 7 -
s 8 ol <3 Bn g
i ; 2|l 4 Gy Silty CLAY :
or 9 4 SAMPLE 15-3738 (7.6-2.4): NM 29.8% 9
[a] 1 4
aL _ _
5 1o | 1 Gy 10 1
&F 11+ : 4 11
8 T 3 ]
o 12 12+
((h) 4 4
o 13 1 13 1
z 4 B
Sk 14 14
& 5] 15
. i |
5 ] 3 Gy i
gl— 16 S 7 16
g- 17 4 8 17
GF 18 18
2 - -
§ = 19 ] 19 ]
*N
Sl ; N, — .
g' 2 ] g ,;«f\b‘ 12 s Bn Poorly-graded SAND @ J
3F | 21 Yo 88 Bn SILT 214
u 1 - w/ Sand 1
8- 22 SAMPLE 15-3741 (20.3-20.5): NV, NP 22
= ] Bn Silty CLAY N
§ & ] w/ Sand = |
S 24 Gy-Bn Poorly-graded GRAVEL 24
8 1 w/ Sand 1
3 251 p7 Bn Silty SAND 257
oL 26 :;1 87 w/ Gravel 26
% ] 33 .
er 27 ] 27 ]
o 28 28
2 ] J
ol 29 29
=} . ; J
H [ 30 BOITL 30
= ]
Il _ .
=
(2] .
=N i 4
=
5 ]
[a]
<Z( T — -
’325 Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 Ib. hammer with 30-in. drop. m CME Auto Hammer |:| Cathead Rope Method|
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FINAL TEST HOLE LOG
STATE OF ALASKA DOT/PF
Northern Region Materials
Geology Section
Project Tonsina Hill slope instability Test Hole Number THI5-3306
Project Number _AKSAS Total Depth 32.5 feet
Field Geologist _ T. Hubbard Dates Drilled 10/21/2015 - 10/21/2015
Field Crew P. Lanigan, G. Nelson, B. Equipment Type _CME 55 Truck Station, Offset 78+60, 151
Coke. R. Sousa Weather Latitude, Longitude _N61.67921°, W145.16828
TH Finalized By __ Trent ITubbard Vegetation Elevation 1858.0
Sample Data Ground Water Data GENERAL COMMENTS:
While Drilling After Drilling
° = ™ Depth in {ft.)
g = |E|3 | | 8 [Tmo
= = . g ol 8
= o= | @ S |2| €8 O Date
g % % % % E % % éé g é‘ Symbol
a 8 |8a|=| 2 o |a|Sz|E| o
0 SUBSURFACE MATERIAL 0 -
] ASPHALT J
L 14 }g 2.5 inches 1 4
1 6 27 Bn Poorly-graded GRAVEL ]
i 27 02 wi Sand  (fill 2 ]
L 3 Well-graded SAND 3
J w/ Gravel (fill) o
- 4 Bn Well-graded SAND 4
. 1 - > w/ Silt & Gravel " 1
] z | e . SAMPLE 15-3344 (5.0-5.3): NM 6.8% |
- 6 2 26 Wh-Gy Well-graded SAND 6
] 12 w/ Gravel 1
- - 7 -
L ] - g Bn 8
1 o 10 Gy-Bn Silty CLAY 1
- 9 - vl Gy 9 —
1 Gy-Bn 1
- 10 10
= 11 114
= Iz - 124
F 13 1 2 Gy 13 -
4 ; 6 4
r 14 ] 3 14 ]
- 154 15
- 164 16+
- 17 4 174
] : Z i
- 18 A 5 18
| 2 4 i
- 19 ] 3 19 ]
- 20 20
r 21 21
F 22 224
L 23 - 23+
= 24 24 A
r 251 1 251
-] 26 : 5 Z 26 -
- 27 1 27
r 28 28
- 29 4 29 A
r 30 3 a 30
J % SAMPLE 15-3748 (30.0-32.2): NM 15.8% J
- 31 g| 7 314
1 e |
- 32 : 32
] BOH 4
Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 Ib. hammer with 30-in. drop. CME Auto Hammer |:| Cathead Rope Method
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i

BOH

FINAL TEST HOLE LOG
STATE OF ALASKA DOT/PF
Northern Region Materials
Geology Section
Project Tonsina Hill slope instability Test Hole Number _THI15-3307
Project Number _AKSAS Total Depth 17.5 feet
Field Geologist __ T. Hubbard Dates Drilled 10/21/2015 - 10/21/2015
Field Crew P. Lanigan, G. Nelson, B. Equipment Type _CME 55 Truck Station, Offset 77+70, ISR
Coke, R. Sousa Weather Latitude, Longitude _N61.67895°, W145.168°
TH Finalized By __ Trent TTubbard Vegetation Elevation 1849.0
Sample Data Ground Water Data GENERAL COMMENTS:
While Drilling After Drilling
3 = g Depth in (ft.)
5| ¢& z |23 g [Tme
2| £ |3 3| B |8 |gg2ls| 2 [ome
s | 5125 |5| E| 3 |E| 5|8 B [symbm
= 5] sl | B = o s| =3 |8 = ymbol
a a om | = z &) 0| DZ | 0]
0 SUBSURFACE MATERIAL 0
J ASPHALT i
L 1 8 9 inches 1
1 8 Bn Poorly-graded GRAVEL 1
r 2 7] 2 42 wi Sand (fll) 5 ]
L 3 il ASPHALT 3
i " 2 inches J
= 4 A & 16 Wh-Gy Poorly-graded GRAVEL 4 4
1 & w/ Sand (fill) 1
r 51 Bn-Bk 57
L 6 - ol 2 Bn-Bk ASPHALT 6 -
1 SRR Bn-Bk Well-graded SAND 1
= 7 A w/ Gravel (fill) 7 A
1 3 Wh-Bk 1
r 8 7 10 SAMPLE 15-3749 (5.0-7.5): SW-SM, 11.1% -200, NV, NP 8 ]
L 9 16 26 Bn Well-graded SAND 9 -
J w/ Silt & Gravel i
= 10 A 10
= 114 114
= 12 y 12
- 13 1 D 13 1
- 14 A4 14
| ] e o ]
| 15 ] {;1 K Gy 13 J
= 16 | 4 SAMPLE 15-3750 (15.0-17.5): NM 18.0% 16 -
- ~ \‘." . -
= 17 o 17

| SN I SN SN ST AT [T ST AN T S T S T 1
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Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 Ib. hammer with 30-in. drop. CME Auto Hammer D Cathead Rope Method|
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FINAL TEST HOLE LOG
STATE OF ALASKA DOT/PF
Northem Region Materials
Geology Section
Project Tonsina ITill slope instabilily Test Hole Number _ TI15-3308
Project Number _AKSAS Total Depth 30 feet
Field Geologist _ T. Hubbard Dates Drilled 10/21/2015 - 10/21/2015
Field Crew P. Lanigan, G. Nelson, B. Equipment Type _CME 55 Truck Station, Offset 77-75. 15R
Coke, R. Sousa Weather Latitude, Longitude N61.67897°, W145.16799
TH Finalized By __ Trent [{ubbard Vegetation Elevation 1847.0
Sample Data Ground Water Data GENERAL COMMENTS:
‘While Drilling After Drilling
3 = g Depth in (ft.)
3 | & z [E] 8 2 | Time
i E U,; 3 E é :g 8 Sl E Date
= £ < 5% | ©
= 2 |8 E 3 £ _% £ §; &) g Symbol
[=] [s] om = = 3] w e | M a
0 SUBSURFACE MATERIAL 04
1 ASPHALT ]
L u 9 inches 1 -
1 Gy-Bn Well-graded SAND 1
B 21 w/ Silt & Gravel (fill?) 27
- 3 — 3 -
[= 4 4 A
= 5 4 'é 5 -
- 6 1 {é_-:p('i 6 ]
- 7 e 7
- 8 - '/'E:’ :. ! 8 -
- 9 - '.;..:i'i 9 -
- 10 : La % 10+
L 14 : 9 ('{' 11
1 15 fe ﬂ’: i
= 12~ o >n 12 4
r 137 =7 Gy-Bn Silty Clayey SAND 131
- 14 14
o 15+ 15 4
1 w | &2 SAMPLE 15-3753 (15.0-16.4): NM 15.4% ]
- 16 - w2 8 16
| 174 4 17
B 184 184
- 19 19
o 20 20 A
r 21+ Gy Silty CLAY 21 A
- 22 - 22 A
- 234 23
- 24+ ~ 24 4
= 28— T 25
-] 26 : 3 26
- 27 4 2 27
- 28 4 28
- 29 4 29 -
- 30+ — 30+
Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 Ib. hammer with 30-in. drop. |X| CME Auto Hammer [l Cathead Rope Method|
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FINAL TEST HOLE LOG
STATE OF ALASKA DOT/PF
Northern Region Materials
Geology Section
Project Tonsina Hill slope instability Test Hole Number _TH15-3309
Project Number _AKSAS Total Depth 32.5 feet
Field Geologist __ T. Hubbard Dates Drilled 10/21/2015 - 10/21/2015
Field Crew P. Lanigan, (5. Nelson, B. Equipment Type _CME 55 Truck Station, Offset 71115, 10R
Coke, R. Sousa Weather Latitude, Longitude N61.67711°, W145.16743
TH Finalized By _ I'rent Hubbard Vegetation Elevation 1810.0
Sample Data Ground Water Data GENERAL COMMENTS:
\While Drilling After Drilling
3 = TEB Depth in {ft.)
s e = |B|3 g [Tme
B S le|E| 8|8 |8 E|s| 2 [o
£ 5 |8a|5| 5| 8 |5| EZ|E| B [symoo
a [a} oo = =z o 1%] 2Z |w (6]
0 SUBSURFACE MATERIAL 0
J ASPHALT J
- 1 - 4 inches 1 4
1 Gy-Wh Poorly-graded GRAVEL 1
i 27 w/ Sand (fill 2
14
= 3 = 3 -
] ]1Z 30 ]
I 4 ] 12 4 ]
- 5 -l 5 -
B 6 ] Bn Well-graded SAND 6
L 7 w/ Silt 7
B 8 7 = Gy-Bn Silty CLAY 8
9 1 ¢ ,g§\” 3 5 SAMPLE 15-3755 (7.8-9.7): LL 31, P1 16 9 1
r 7] N 3 77
- 10 1 10
- 11 : 4 114
- 12 < 12
- 13 4 13
- 14 14
- 15 ] 3 15 ]
- 16 3 7 16
- 171 . 17
- 18 18 1
- 19 19
- 20 ] > 20 ]
4
-] 21 ; 8 211
= 22 = 22 1
- 23 23
r 24 A 24
-] 25 . 251
- | 26 J 7 26
- 27 4 27
- 28 4 28 4
- 294 29 4
r 30 ] 3 30 ]
- 31 - 5 314
- 32 = 32 4
| BOH 4

Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 Ib. hammer with 30-in. drop. m CME Auto Hammer |:| Cathead Rope Method|
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FINAL TEST HOLE LOG
STATE OF ALASKA DOT/PF
Northern Region Materials
Geology Section
Project Tonsina Hill slope instability Test Hole Number _THI5-3310
Project Number _AKSAS Total Depth 32.5 feet
Field Geologist __ T. ITubbard Dates Drilled 10/22/2015 - 10/22/2015
Field Crew P. Lanigan, G. Nelson, B. Equipment Type _CME 55 Truck Station, Offset 70420, 15R
Coke, R. Sousa Weather Latitude, Longitude _N61.67685°, W145.16729
TH Finalized By __ Trent Hubbard Vegetation Elevation 1783.0
Sample Data Ground Water Data GENERAL COMMENTS:
While Drilling After Driling
3 = Tg Depth in (ft.)
5 @ € 3&’ E g’ Time
HERCHHERERE Ealc| 2 [Dae
E 2 |2 E £ E E £l 2 B 8 3 Symbol
[a} [a o@m | = = o w| 3Z (L O
0 SUBSURFACE MATERIAL 0 -
J ASPHALT J
- 14 10 3inches | -
1 o 40 Bn Well-graded SAND 1
B 27 21 w/ Gravel (fill) 29
= 3 — h 3 -
= 4 4 4
F 59 3 Bn Poorly-graded GRAVEL 5 1
1 w/ Sand ]
o 6 - :?1' 23 Wh 6
- ',l - 11 7 -
= 8 - 8 -
= 9 = 9 -
L 104 Bn-Gy Well-graded SAND 104
j IS w/ Silt & Gravel ]
&
= 114 6 31 Gy SILT 11
3 w/ Sand 1
o 12 ~ 12 A
L 13 ] SAMPLE 15-3759 (12.5-15.0): ML, 65.6% -200, NV, NP 13
o
1 b2 1
- 14 < 14 4
- ‘I - | -
5 J - & L Gy Silty CLAY 3 J
- 16 2 |& ‘3 5 SAMPLE 15-3760 (15.0-16.8): NM 18.7% 16
- 17+ = 17 -
B 18 18
- 19 19
r 204 T 20
-] 214 ! 3 211
- 22 - L 22+
- 23 < 23 A
[ 24 24
— 25 t B " ] Vi a5 t
b 26 s \5:4\ ; 4 SAMPLE 15-3762 (25.0-26.8): NM 21.7% 26
R 27+ 2 27+
r 28 28
r 29 4 29
- 30 3 30 A
-] 314 2 8 31+
- 324 L 32
] BOH |
Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 Ib. hammer with 30-in. drop. |X| CME Auto Hammer |:| Cathead Rope Method
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FINAL TEST HOLE LOG
STATE OF ALASKA DOT/PF
Northern Region Materials
Geology Section
Project Tonsina Hill slope instability Test Hole Number TH15-3311
Project Number _AKSAS Total Depth 32.5 feet
Field Geologist __ T. Hubbard Dates Drilled 10/22/2015 - 10/22/2015
Field Crew P. Lanigan, (3. Nelson, B. Equipment Type _CME 55 Truck Station, Offset 62190, 15R.
Coke, R. Sousa Weather Latitude, Longitude N61.67483°, W145.16653
TH Finalized By _ I'rent Hubbard Vegetation Elevation 1723.0
Sample Data Ground Water Data GENERAL COMMENTS:
\While Drilling After Drilling
g z TE“ Depth in {ft.)
$|é = |B|3 g [Tmo
i E cni:; 3| & 8 % E S|c| £ |Date
£ | 8 1g2|£| €| 2 [E] 82|8] & [Swmoo
& | & [8al2| 2| a [8|52|E] o PZ
0 SUBSURFACE MATERIAL 0
] ASPHALT ]
- 14 ;i 2 inches 14
1 2% 50 Bn Well-graded SAND 1
r 2 1 N w/ Gravel (fill 2 -
L] 5] Wh 5 ]
] - & Silty SAND -
o | A
= 4 AR w/ Gravel 4 4
g SAMPLE 15-3763 (2.7-5.0): SM, 14.9% -200, NV, NP g
i 3] 2 Gy-Bn Silty CLAY 3]
- 6 ; 7 Gy 6
L 7 4 6 7 4
- 8 - I E— 8 -
- 9 - 9 -
- 10 ] l Gy 10 ]
4
- 11 = 11 11
- 12 17 12
- 13 13
L 144 Wh Well-graded SAND 14
o w/ Gravel 1
- 15§ 5 15
- 16 2 16
B 17 i Bn-Tn Poorly-graded SAND 17 ]
4 5 w/ Silt 4
- 18 - 2 18
| ) 3l 48 Wh-Gy Well-graded SAND ™
] 49 w/ Gravel 1
- 20 20
- 214 21
- 2% 22
1 Well-graded SAND g
- 23 w/ Silt 23
r 24 A 24
- 25 5 25
1 1 Well-graded SAND ]
B 26 7] 36 57 w/ Gravel 26
- 27 = 27
= 28 28
r 29 29
- 30 30
r 3 314
= 32 H 32 4
] BOH 4
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Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 Ib. hammer with 30-in. drop. m CME Auto Hammer |:| Cathead Rope Method|
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Slope instability drilling program, Tonsina Hill, Alaska 25
Sheet 1 0f 2
FINAL TEST HOLE LOG eetto
STATE OF ALASKA DOT/PF
Northern Region Materials
Geology Section
Project ‘Tonsina Hill slope instability Test Hole Number  'TH15-3312
Project Number _AKSAS Total Depth 82 fect
Field Geologist T. Hubbard Dates Drilled 10/23/2015 - 10/23/2015
Field Crew S. Parker, P. Lanigan. R. Equipment Type _CML 55 Truck Station, Offset 66+90, 80R
Sousa Weather Latitude, Longitude _N61.67594", W145.16658
TH Finalized By __ Trent Hubbard Vegetation Elevation 1653.0
Sample Data Ground Water Data GENERAL COMMENTS:
While Drilling After Drilling
8 z T Depth in (ft.)
s | & € |2| 8 g [Time
w
0 SUBSURFACE MATERIAL 0
: o) It 2 inch organic mat o
| ] £ 13 74 7. 5 inchs of pebbles and cobbles 1]
B 2 3 A Bn Well-graded SAND 2
L 3 - 2 Z] w/ Silt & Gravel 3
L 4 (e Gy Poorly-graded GRAVEL 4
i ¥ i Silty Clayey SAND 5
] ; 2 w/ Gravel J
r 6 f,? 74 Bn Silty Clayey GRAVEL 6
L 71 j}f w/ Sand 7 4
2.1 b GC-GM .
r ] N o7 SAMPLE 15-3770 (7.5-10.2): 18.6% -200 ]
| 0 ] z 'A}“f\« 6 fég 3 ( ) b 5
- 10 2 7‘%‘ 10
= 11 ; 8 ﬁé‘( 11
L 12 ] Gy-Bn Silty CLAY 12 ]
SR I EE R Y P ﬂ , SAMPLE 15-3771 (12.5-13.9): NM 19.1% 13 -
= 14 - ’ . 14
= 15 7 11 Gy-Bn 15 g
- 16 1 4 16
- 174 4 17
- 18 18
L 19 - 19
- 20 = Gy Bn 20
] ) o | j
B 217 2S5 3 SAMPLE 15-3772 (20.0-22.1): LL 32, PI 15 211
- 22+ 4 22+
— 23 - 23 A
- 24 7 24
= 25 T Gy 25
= 267 5 4 26
- 271 i 27 1
= 28 28
o 29 29 A
-] 30 T 30
- 31+ : ] 31
= 32 ! 32
= 334 334
- 34 ] 34 7
- | 354 , 354
- 36 . 5 36 1
- 37 4 37
F 38 38
- 397 Z 397
C1 YT L] B SAMPLE 15-3773 (40.0-41.9): ORG 2.3% 9
- 414 §|5 = 5 414
42 1— o z 42 -

Note: Unless otherwise noted, all samples are taken with 1-3/8-in. ID Standard Penetration Sampler driven with 140 Ib. hammer with 30-in. drop. |X| CME Auto Hammer I:l Cathead Rope Method|
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FINAL TEST HOLE LOG Shoet 2of 2
STATE OF ALASKA DOT/PF
Northern Region Materials Test Hole Number _TH15-3312
Geology Section
h=3 = ©
518 = é 3 g
= £ mf s 3 |s g o ;
= [y =] [} = ° c| £4 |8 Jud
a [a] om | = z o 0| 5z | Q
42 SUBSURFACE MATERIAL 42 4
43 43
44 1 44
45 N . 451
1 w | A 5 SAMPLE 15-3774 (45.0-46.9): NM 27.6% i
46 28 B 5 46
47 ] 2 47 .
48 ] 48 7
491 49
50 7 5 50 .
51 2 7 51+
521 . 52 4
53 1 7 531
54 Gy Lean CLAY 54
55 1 3 55 7
56 5 11 56
57 . 57
58 ] 58 .
9] Bn-Wh Well-graded SAND 397
60 ] 70 w/ Silt & Gravel 60 ]
61 ] 61 .
o] 62
63 7] Bn Silty SAND 63
64 w/ Gravel 64
- o -
57 |2 SR SAMPLE 15-3776 (65.0-65.9): NM 8.0% 63
66 7 119 Wh-Gy Well-graded SAND 667
67 w/ Gravel 67
68 ] 68
69 1 69 .
70 70
71 ] 71 ]
27 Bn Poorly-graded SAND 27
A 73 1
74 74
75 ] T 75
6 &5 Bn-Gy Well-graded SAND 767
77 wi Gravel 777
78 78 1
79 Bn Poorly-graded SAND 79
80 1 TG 80 1
81 Wh Poorly-graded SAND 81
22 w/ Gravel g2 ;




Slope instability drilling program, Tonsina Hill, Alaska 27

APPENDIX B

LAB GRAIN SIZE ANALYSIS

GRAIN-SIZE DISTRIBUTION CURVE

SW-SM (Drill Hole TH15-3300, Sample TH15-3700, Depth 2.5-4 ft) ‘

N\

100

80 —

60 —

Percent Finer
|

40

20 —

0 Hrri I mnirer r |l

100 10 1 0.1 0.01
Grain Size (mm)
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GRAIN-SIZE DISTRIBUTION CURVE

GP-GM (Drill Hole TH15-3301, Sample TH15-3710, Depth 5-7.5 ft)

100

10

1
Grain Size (mm)

0.1

0.01



Percent Finer

100

80

60

40

20

Slope instability drilling program, Tonsina Hill, Alaska 29
GRAIN-SIZE DISTRIBUTION CURVE
GM {(Drill Hole TH15-3305, Sample TH15-3737, Depth 5-7.5 ft)
100 10 1 0.1 0.01

Grain Size (mm)
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SW-SM (Drill Hole TH15-3307, Sample TH15-3749, Depth 5-7.5 ft)

GRAIN-SIZE DISTRIBUTION CURVE

100

10

,
Grain Size (mm)

0.1

0.07



Percent Finer
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GRAIN-SIZE DISTRIBUTION CURVE
ML (Drill Hole TH15-3310, Sample TH15-3759, Depth 12.5-15 i)

100 \
N

90

80

70

60

100 10 1 0.1 0.01
Grain Size (mm)
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GRAIN-SIZE DISTRIBUTION CURVE

SM (Drill Hole TH15-3311, Sample TH15-3763, Depth 2.7-5 ft)
100

80

60

Percent Finer

40

20 \
"y

100 10 1 0.1 0.01
Grain Size (mm)
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GRAIN-SIZE DISTRIBUTION CURVE
GC-GM (Drill Hole TH15-3312, Sample TH15-3770, Depth 7.5-10.2 ft)
100 10 1 0.1 0.01

Grain Size (mm)



34 Preliminary Interpretive Report 2017-1

APPENDIX C

MOISTURE AND ORGANIC CONTENT

Moisture Organic
Drill Hole | Depth (ft) Sample # Content content
(percent) (percent)
5.8 TH 15-3702 12.9 NA
TH 15-3300 10 TH 15-3704 15.1 NA
225 TH 15-3706 NA 2.4
TH 15-3301 10 TH 15-3712 18.4 NA
15 TH 15-3713 NA 1.4
TH 15-3302 5 TH 15-3719 7.6 NA
20 TH 15-3722 18.9 NA
TH 15-3303 10 TH 15-3726 8.6 NA
17.5 TH 15-3728 23.7 NA
TH 15-3304 15 TH 15-3733 NA 1.3
25 TH 15-3735 21.1 NA
TH 15-3305 7.6 TH 15-3738 29.8 NA
TH 15-3306 5 TH 15-3344 6.8 NA
30 TH 15-3748 15.8 NA
TH 15-3307 15 TH 15-3750 18.0 NA
TH 15-3308 15 TH 15-3753 15.4 NA
TH 15-3310 15 TH 15-3760 18.7 NA
25 TH 15-3762 21.7 NA
12.5 TH 15-3771 19.1 NA
TH 15-3312 40 TH 15-3773 NA 2.3
45 TH 15-3774 27.6 NA
65 TH 15-3776 8.0 NA
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APPENDIX D
ATTERBERG LIMITS
Drill Hole ey Sample # | Liquid Limit (LL) Flastic ki | Bie Helty Iiden) Plasticity Classification
(ft) (PL) (P1)
TH 15-3300 7.5 TH 15-3703 27.04926 13.32133 13.72793 Medium Plasticity
TH 15-3301 20 TH 15-3714 34.68658 21.53361 13.15297 Medium Plasticity
TH 15-3302 12,5 | TH15-3720 32.1485 15.41582 16.73268 Medium Plasticity
TH 15-3304 10 TH 15-3732 28.44893 17.2448 11.20413 Medium Plasticity
TH 15-3309 7.5 TH 15-3755 30.79326 14.95685 15.83641 Medium Plasticity
TH 15-3312 20 TH 15-3772 31.737 16.71442 15.02258 Medium Plasticity
*Pl=LL-PL 0 nonplastic
1-5 slightly plastic
5-10 low plasticity
10-20 medium plasticity
20-40 high plasticity
> 40 very high plasticity
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APPENDIX E

DRILL HOLE TEMPERATURE DATA

Drill Hole Depth (ft) | Temperature (°F)
TH 15-3300 7> 148
20.0 455
TH 15-3301 Lo 14.0
25.0 44.0
TH 15-3302 L0 10.5
27.5 343
TH 15-3303 12> 294
17.5 36.0
7.5 40.0
10.0 39.5
TH 15-3304 15.0 39.7
5.0 39.1
30.0 32.1
7.5 42.0
TH 15-3305 10.0 44.0
20.3 40.0
TH 15-3306 17.5 40.0
30.0 36.1
TH 15-3307
TH 15-3308 25.0 40.0
7.5 42.0
10.0 42.1
TH 15-3309 150 39.9
20.0 38.0
25.0 37.6
30.0 35.5
15.0 38.0
TH 15-3310 20.0 35.2
25.0 31.1
30.0 34.1
TH 15-3311 10.0 41.5
12.5 34.8
15.0 41.0
20.0 40.6
25.0 38.3
TH 15-3312 200 281
35.0 38.9
40.0 39.2
45.0 39.2
50.0 39.6
55.0 44,7




