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Hanson Professional Services Inc.
801 B Street, Suite 400
Anchorage, AK 99501

Attn:  Mike Pochop, P.E.

RE: GEOTECHNICAL REVIEW, AARC NORTHERN RAIL EXTENSION, TANANA
RIVER CROSSING TO THE EASTERN FLATS TRAINING AREA BOUNDARY,
ALASKA

We are pleased to submit this letter report containing our geotechnical review of the preferred
railroad alignment from the Tanana River crossing to the eastern boundary of the Tanana Flats
training area. The scope of our services for this phase of the project is to provide geotechnical
research and consultation to assist you with the positioning of the final alignment. Our
recommendations and input regarding the location of the alignment are based on our review of
existing information, site visits, and our experience in the area. Detailed geotechnical site
explorations and designs have not been requested for this phase; however, geotechnical design
input addressing potential impacts of the preferred alignment on rail roadbed construction and
performance are summarized.

Past studies for the Northern Rail Extension (NRE) project include defining the potential railroad
corridors and alternate rail alignments, followed by the selection of a preferred railroad
alignment. This geotechnical study supplements past studies to assist in defining significant
geotechnical design issues that would require moving the final alignment.

Several sources of information were reviewed for this study, including:

e Existing Shannon & Wilson files, and our knowledge and experience in the area;

e Duane Miller Associates LLC, 2006 Geotechnical Exploration Program, Alaska Northern
Rail Extension;

e United States Department of Agriculture and Natural Resources Conservation Service,
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National Cooperative Soil Survey, Salcha — Big Delta Area, Alaska, June 1973; and
e Aerial Photography.

As a part of our work, we also conducted helicopter reconnaissance along the preferred
alignment and an alternate alignment being considered along the Salcha West and Tanana West
segments of the project. Our reconnaissance was conducted May 22-23, 2008. The
reconnaissance included touching down at selected locations and probing the ground with a steel
rod. The helicopter reconnaissance also included more detailed terrain mapping along the
alternate alignment. Our field observations are summarized in the following sections.

SUMMARY OF CONDITIONS
Preferred Alignment (Salcha West to Tanana East)

The currently preferred alignment is the Salcha West and Tanana East segments (Figures 1-3).
The entire alignment is in an area preliminary mapped as active floodplain deposits (Aa),
although surface conditions vary between the segments. Active floodplain deposits typically
consist of relatively clean alluvial sands and gravels overlain by a layer of finer material
consisting of silt, silty sand, and sandy silt. Localized fine-grained and organic-rich slough
deposits may occur. The surficial silty soils are frost-susceptible and potentially compressible.
Limited exploration indicates silty deposits are commonly less than 5 feet to 8 feet thick, with
locally thicker areas. Permafrost is discontinuous. Where frozen, the surficial fine-grained soils
may be ice-rich and moderately thaw-unstable, whereas the underlying sands and gravel are
relatively thaw-stable to slightly thaw-unstable. The relatively clean shallow sands and gravels
provide a readily available source of granular nonfrost-susceptible (NFS) material for
embankment construction.

During our helicopter reconnaissance, we landed near MP 510 and MP 522 along the preferred
alignment. MP 510 is along the Salcha West segment; MP 522 is along the Tanana East segment.
We note the original alignment along the Salcha West segment between MP 505 and 514 has
been shifted away from the river. The original alignment was generally within %2-mile of the
main Tanana River channel; the shifted alignment is % mile to 1 mile away from the channel.
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The terrain along the shifted Salcha West segment is generally flat, crossed by shallow drainage
channels that collect intermittently emergent groundwater; the channels generally parallel the
Tanana River. Vegetation generally consists of scattered small to medium spruce and a moss or
lichen ground cover. In our experience, the lichen cover is an indicator of shallow, well-drained
gravelly soils. It is debatable whether or not the shifted Salcha West segment is in active or
abandoned floodplain terrain.

At MP 510, we observed ground cracks and occasional small depressions up to 2 feet deep,
which we attribute to thermal contraction of the ground and/or game trails. Of 30 probings with a
4-foot-long steel rod at this location, 40 percent penetrated the ground to the end of the probe
(i.e., 4 feet); 60 percent encountered seasonal frost at a depth of 8 inches to 12 inches. The soils
were fine grained (i.e., silty) throughout the probed depths. In one probing, we encountered the
top of seasonal frost at 2 feet and the bottom of seasonal frost at 4 feet below the ground surface,
indicating the site is either free of permafrost or underlain by a talik.

In contrast to the terrain along the Salcha West segment, the terrain along Tanana East is
generally densely forested with white spruce and crossed by high water channels and benches
and terraces of the Tanana River. Although the area has been mapped as active floodplain, it is
our opinion that some of the higher terraces in the area are probably abandoned floodplain and
more likely to be underlain by permafrost. Also, from approximately MP 521.5 to 522.5, the
surface vegetation appears to be primarily black spruce, indicating a greater likelihood of
permafrost.

To date, two exploratory borings have been drilled in Aa terrain between the Tanana River
crossing and the eastern boundary of the Tanana Flats training area: one near MP 505 in Salcha
West, the other near MP 517 in Tanana East. Both were drilled closer to the Tanana Channel
than the majority of the current alignment. The soils were thawed at both locations: near MP 505,
five feet of silty sand was encountered overlying gravely sand, with the water table at 11.5 feet.
Near MP 517, eight feet of silty sand was encountered overlying sands and gravel with the water
table at 8.5 feet.
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Alternate Alignment (Salcha West to Tanana West)

An alternate alignment along portions of the Salcha West and Tanana West segments was being
considered, from approximately MP 515 to 524 along the preferred alignment. The alternate
alignment rises off the active floodplain onto the distal portions of an alluvial fan (Afw)
emanating from the Alaska Range and areas mapped as abandoned floodplain (Ab). Original
terrain mapping indicated these deposits together comprised approximately 50 percent of the
alternate alignment.

As a part of this study, we performed more detailed terrain mapping along the alternate
alignment, presented in Figure 3. Detailed mapping indicates more than 60 percent of the
alternate alignment is underlain by Afw and Ab, and 15 percent by Aa. Approximately 20 percent
of the alternate alignment crosses mapped eolian deposits of dune sand (Es). The more detailed
mapping indicates the alignment traverses the boundary between Afw and Ab, and Aa for
approximately 3 miles. Performance between rail constructed across Afw and Ab, Aa, and Es is
expected to be considerably different, given varying permafrost and soil conditions.

Based on exploratory drilling conducted in 2006, abandoned floodplain deposits were found to
be similar to active floodplain deposits; however, these deposits were more likely frozen, the
silty soil cover is thicker, and the occurrence of peat and organic silt at the surface is greater. The
surficial organic and silty soils are often ice-rich and thaw-unstable. During our helicopter
reconnaissance, we observed occasional thaw lakes in Ab terrain along Tanana East, indicating
the potentially ice-rich and thaw-unstable character of this unit.

Limited drilling in the mapped alluvial fan deposits (Afw) crossed by the alternate route
encountered a thick section of perennially frozen silt containing up to 10 percent visible ice in
the form of lenses and crystals. In one exploratory boring, 2.5 feet of massive ice was
encountered at a depth of 12 feet; in another, 7.5 feet of organic-rich silt was encountered.
During our helicopter reconnaissance, we observed occasional thaw lakes and scattered
thermokarst features in Afw terrain along Tanana East, indicating the potentially ice-rich and
thaw unstable character of this unit.
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Eolian deposits of dune sand (Es) typically consist of sandy silt and silty sand. The deposits are
commonly well-drained and could provide a relatively stable roadbed. Organics up to 5 feet thick
may be present in interdunal troughs. Permafrost is discontinuous; organic material in the
troughs may be ice-rich and thaw-unstable where frozen. During our helicopter reconnaissance,
we observed occasional ponds in interdunal toughs; in one interdunal trough, perimeter birch
trees were leaning into the pond, indicating the potential for some thaw-instability.

Eolian sand deposits along the alignment are poorly characterized. Exploration of Es soils along
the Trans Alaska Pipeline (TAPS) corridor suggest these deposits may contain areas of ice-rich
soils with significant potential for thaw settlement. However, we note that a portion of TAPS
crossing a dune field in the Shaw Creek Flats northwest of Delta is buried, suggesting relatively
thaw-stable conditions.

CONCLUSIONS
Preferred Alignment (Salcha West to Tanana East)

The preferred alignment from the Tanana River crossing to the eastern boundary of the Tanana
Flats training area crosses mapped active floodplain terrain. The primary challenges to
constructing high-speed rail with a low tolerance for movement across this terrain is the potential
for seasonal frost-heaving and thaw-weakening of frost-susceptible subgrade soils and long-term
settlement of areas underlain by permafrost.

A secondary concern is the potential for liquefaction and lateral ground-spreading near water
bodies during large earthquakes. Based on our studies for the Tanana Crossing and other projects
in the area, the risk of lateral spreading may not be significant.

The potential geotechnical hazards along the proposed route and conclusions and options to
mitigate these hazards are discussed in the following sections.

Frost Heaving

Based on the information we reviewed, we estimate the floodplain along the preferred
alignment between the Tanana River crossing and the eastern boundary of the Tanana Flats
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training area to be underlain by 5 feet to 8 feet of potentially frost-susceptible silty soils
underlain by relatively clean sands and gravels. We note this based on two borings. Locally
deeper silty and organic deposits should be expected. The water table appears to be relatively
shallow.

The presence of frost-susceptible soils could cause undesirable seasonal differential movement
of the roadbed if these soils are allowed to freeze. Subsequent thaw weakening could aggravate
embankment stability, resulting in minor lateral spreading. Review of existing literature and our
experience in the area suggests the mantle of silty frost-susceptible soils is widespread across the
floodplain, although the thickness is generally relatively thin.

Technigues we have recommended in the past to mitigate frost action include, but are not limited
to: excavation of frost-susceptible materials and replacement with NFS materials and using
insulation to prevent subgrade soils from freezing. Given the average depth of frost-susceptible
soils in the area, it may be economically feasible to replace frost-susceptible soils in the roadbed
down to relatively clean sands and gravels with NFS materials along most of the alignment. We
note that localized, thicker deposits of frost-susceptible soils that are impractical to replace may
be present. NFS materials are available from the sands and gravels underlying the surficial silty
soils along the majority of the alignment. We recommend consideration be given to borrowing
NFS replacement material from a trench alongside the roadbed and then backfilling the trench
with the excavated silty soils.

Based on our information, shifting the preferred alignment would not significantly mitigate the
potential for frost-jacking-related movements.

Permafrost

Based on the information we reviewed, we expect permafrost to generally be sporadic
and discontinuous along the preferred alignment from the Tanana River crossing to the eastern
boundary of the Tanana Flats training area. From approximately MP 521.5 to 522.5, the surface
vegetation appears to be primarily black spruce, indicating a greater likelihood of continuous
permafrost. Previous mapping has shown the section between MP 521.5 to 522.5 to be on active
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floodplain deposits (Aa). In our opinion, this section is more typical of, and may be more
accurately mapped, as Ab.

We expect the shallow higher-moisture-content silty permafrost will have the greatest potential
for thaw-instability and settlement. It has been our experience that the underlying sands and
gravels contain little segregated ice; their thaw-instability is low compared to the overlying silty
permafrost, although a small amount of long-term settlement may occur as these soils thaw.

Options to mitigate permafrost thawing and settlement include insulation, passive refrigeration
using a thermosyphon system, a self-ventilating embankment constructed of coarse aggregate,
prethawing and preconsolidation, and realignment. Insulation alone will not prevent permafrost
from thawing. Passive refrigeration and prethawing are not practical for this project given the
discontinuous nature of the permafrost. In our opinion, excavation and replacement of the most
thaw-unstable soils down to the underlying gravelly soils could reduce the thaw-settlement
potential to tolerable levels, and provide improved value and long-term performance for the
project. Pre-clearing or delaying track construction after the roadbed is prepared could be done to
enhance permafrost thawing prior to development, thereby naturally reducing the thaw-
settlement potential.

Given the discontinuous nature of the permafrost and limited subsurface information along the
preferred alignment, it would generally be difficult to shift the alignment to avoid permafrost
areas. Consideration should be given to shifting the preferred alignment toward the Tanana River
between MP 521.5 to 522.5, to avoid a greater likelihood of encountering permafrost.

Alternate Alignment (Salcha West to Tanana West)

As we stated in a previous letter dated April 24, 2008, the Tanana West segments
presents significant geotechnical challenges to constructing high-speed rail with a low tolerance
for movement. The primary challenges are the potential for seasonal heaving and thaw-
weakening of frost-susceptible subgrade soils; long-term settlement in areas of deep
compressible organics; long-term settlement in areas of thaw-unstable permafrost; and suitable
sources of aggregate for roadbed construction.
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The Tanana East segment is underlain by active floodplain deposits and geotechnically preferred
for the following reasons:

1. The frost-susceptible soils overlying cleaner, likely NFS sands and gravels are
relatively shallow. It may be economical to excavate and replace the most frost-
susceptible soils to control seasonal movement due to frost action.

2. The Tanana East alignment is expected to encounter the least amount of permafrost;
the depth of moderately to highly thaw-stable permafrost is expected to be shallow. It
may be economical to excavate and replace thaw-unstable soils and mitigate long-
term movement due to permafrost thawing.

3. The occurrence of thick organic deposits is expected to be less than along the
proposed relocation. Where encountered the thick organic deposits are expected to be
localized.

4. A source of clean granular material for roadbed construction is present in the area.

The alternate alignment is not preferred and will provide significant geotechnical challenges for
the following reasons:

1. Permafrost is more extensive. Our review indicates more than 60 percent of the
alternate route may be underlain by moderately to highly thaw-unstable permafrost
and frost-susceptible soils; another 20 percent may be underlain by slightly to
moderately thaw-unstable soils. Our experience indicates the permafrost will be
warm, near 32 °F.

2. The thickness of potentially thaw-unstable and frost-susceptible soils is significantly
greater than along the Tanana East segment. Excavation and replacement of these
soils to control long-term settlement or frost-heaving is probably not feasible.
Maintaining the integrity of the permafrost using passive or active cooling techniques
or bridging these soils will likely be extremely expensive. Although insulation could
be used to reduce frost-heaving and the rate of permafrost thawing and settlement,
insulation will not prevent permafrost from thawing.

3. The rate of settlement due to permafrost thawing could be greater than that which
may be handled by regular scheduled maintenance.

4. The occurrence of thick organic deposits along the alternate route is expected to be
greater than along the Tanana East segment.
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